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ABBREVIATIONS 

ACC1 – acetyl-CoA carboxylase 1 
ACLY – ATP citrate lyase 
AID – activation-induced cytidine deaminase 
AF6 – afadin 
Akt – protein kinase B (PKB) 
ALL – acute lymphoblastic leukemia 
ALY – Aly/REF export factor 
AMPK – AMP-activated protein kinase 
ANRIL – antisense non-coding RNA in the INK4 locus 
AP1 – activator protein 1. 
APOLO – apolipoprotein L protein 
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ARF – alternative reading frame gene 
ART – artesunate 
AS-Uchl1 – antisense UCH-L1 lncRNA 
ATP – adenosine triphosphate 
BACE1 – beta-secretase 1 antisense RNA 
Bax – Bcl-2-associated X protein 
Bcl-2 – B-cell lymphoma 2 protein 
Bcl-xL – B-cell lymphoma-extra large protein 
Bcr – breakpoint cluster region 
Bcr-Abl – breakpoint cluster region – Abelson murine leukemia viral oncogene 

homolog 
β-TrCP – beta-transducin repeat containing protein 
BIN1 – bridging Integrator 1 protein 
BM – bone marrow 
BRD4 – bromodomain containing 4 protein 
BRMS1 – breast cancer metastasis suppressor 1 
C9-I6 – isoform or variant of the C9 protein 
CA-125 – cancer antigen 125 protein 
CaMKK – calmodulin-dependent protein kinase  
Cas-II-gly – caspase-2 (CARD domain) 
CC – cervical cancer 
CD44 – cluster of differentiation 44 
c/EBP – CCAAT/enhancer binding protein 
cfDNA – cell-free DNA 
CFTR – cystic fibrosis transmembrane conductance regulator 
CHASERR – cancer-associated SEMA3A-enhancing lncRNA 
CHD2 – chromodomain helicase DNA-binding protein 2 
CIN3 – cervical intraepithelial neoplasia grade 3 
circSMARCA5 – circular SMARCA5 gene 
CK7 – cytokeratin 7 
CK17 – cytokeratin 17 
CK19 – cytokeratin 19 
Clk/Sty – clock/shaggy proteins 
COOLAIR – COOLAIR lncRNA 
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RNF43 – RING finger protein 43 
RPL – ribosomal protein large subunit 
RRMs – RNA recognition motifs 
RRP – ribosomal RNA Processing Protein 
RRP1B – ribosomal RNA processing 1B protein 
RS – arginine-serine 
RSK – ribosomal S6 kinase 
SAA3 – serum amyloid A3 protein 
SAMMSON – survival associated mitochondrial magnesium-dependent protein 
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TIR – Toll/interleukin-1 receptor 
TIRAP – Toll/interleukin-1 receptor (TIR) domain-containing adaptor protein 
TJ – tight junction 
TLR4 – Toll-like receptor 4 protein 
TLRs – Toll-like receptors 
TMA – tissue microarrays 
TNBC – triple-negative breast cancer 
TNM – tumor, node, metastasis (staging system) 
TNF – tumor necrosis factor 
TPA – tissue plasminogen activator 
TRIF – TIR-domain-containing adapter-inducing interferon-β 
TRIM28 – tripartite motif-containing protein 28 
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XIST – X-inactive specific transcript (lncRNA) 
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INTRODUCTION 

Cervical cancer is a widely spread health problem and one of the most 
common oncological diseases. According to the World Health Organization, 
it is women’s fourth most commonly diagnosed cancer. It also ranks fourth in 
the world for cancer-related deaths among women [1]. Despite advancements 
in prevention and treatment, it continues to be a leading cause of cancer-
related morbidity and mortality among women, particularly in low- and 
middle-income countries [2, 3]. 

The pathogenesis of cervical cancer is complex and multifactorial, 
involving both environmental and genetic factors. While persistent infection 
with high-risk human papillomavirus (HPV) is the primary etiological factor, 
genetic variations also play a crucial role in disease susceptibility, progres-
sion, and treatment response [4]. 

Among the myriad of genetic factors implicated in cervical cancer, Toll-
like receptor 4 (TLR4) has emerged as a key player in innate immunity and 
inflammation. TLR4 activation has been shown to modulate the host immune 
response to HPV infection and influence the development and progression of 
cervical cancer [5, 6]. 

Similarly, the RRP1B gene, encoding the ribosomal RNA processing 1B 
protein, has been implicated in various cellular processes, including cell 
proliferation, migration, and invasion. Genetic alterations in RRP1B have 
been associated with tumor aggressiveness and metastasis in cancer [7, 8]. 

SIPA1, a gene involved in signal transduction pathways, has also been 
implicated in cervical cancer progression. Studies have demonstrated a role 
for SIPA1 in promoting tumor cell proliferation, migration, and invasion, 
highlighting its potential as a therapeutic target in cervical cancer [9]. 

Furthermore, splicing factor SRSF1 has garnered attention for its role in 
mRNA processing and alternative splicing in cancer. Dysregulation of SRSF1 
expression and its genetic variants have been linked to aberrant splicing 
patterns and tumor progression [10]. 

Long non-coding RNAs (lncRNAs) HOTAIR and MALAT1 have also 
been implicated in cervical cancer pathogenesis. These lncRNAs play critical 
roles in epigenetic regulation, metastasis, and treatment resistance, making 
them attractive targets for further investigation [11, 12].  

Despite advancements in our understanding of the genetic basis of 
cervical cancer, significant gaps remain in our knowledge. Further research 
is warranted to elucidate the precise roles of genes such as TLR4, RRP1B, 
SIPA1, SRSF1, HOTAIR, and MALAT1 in disease pathogenesis and clinical 
outcomes. While challenges in cervical cancer prevention and treatment 
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persist, recent advancements in molecular biology and genetics offer 
promising opportunities for improvement. Gaining a deeper understanding of 
the genetic determinants influencing cervical cancer susceptibility, progres-
sion, and response to treatment is crucial for developing targeted interven-
tions and personalized treatment strategies.  

Emerging research is increasingly focused on unraveling the molecular 
mechanisms that drive cervical cancer development and progression. As our 
knowledge of these genetic and molecular factors expands, the potential for 
more precise and individualized approaches to cervical cancer care becomes 
more attainable, offering hope for better prevention, early detection, and 
treatment in the future. 

In this context, our study aims to investigate the influence of germline 
polymorphisms in key genes associated with cervical cancer progression. By 
elucidating the role of genetic variants in tumor development and response to 
therapy, our research seeks to identify novel biomarkers with prognostic 
value and inform precision medicine approaches for cervical cancer 
management. The primary objective of this dissertation is to explore the 
associations between genetic variants in these six genes and cervical cancer 
susceptibility, progression, and treatment response. By unraveling the genetic 
determinants of cervical cancer, this research aims to identify novel 
biomarkers for risk stratification and personalized therapeutic approaches, 
ultimately contributing to improved patient outcomes. 

The aim of the study 

The aim of this study was to evaluate the significance of germline 
polymorphisms in the TLR4, RRP1B, SIPA1, SRSF1, HOTAIR, and MALAT1 
genes on cervical cancer prognosis. 

Objectives 

1. To identify the polymorphisms of the immune response modulator 
TLR4 gene and assess their correlations with the progression and 
prognosis of cervical cancer. 

2. To assess the associations of the RRP1B, SIPA1, and SRSF1 gene 
variants, involved in the metastasis process, with the course of 
cervical cancer. 

3. To analyze the variants of the epigenetic modifiers HOTAIR and 
MALAT1 genes and investigate their relationship with the 
progression of cervical cancer. 
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Novelty and relevance of the study 

Our study focused on patients with cervical cancer, a disease with one of 
the highest incidence rates among cancers affecting women. 

The investigation of 27 SNPs of TLR4, RRP1B, SIPA1, SRSF1, HOTAIR, 
and MALAT1 genes represents a novel and highly relevant approach in the 
study of cervical cancer. Each of these genes plays crucial roles in various 
aspects of cancer development, progression, and treatment response. 

The inclusion of TLR4 in this study is particularly noteworthy due to its 
involvement in the innate immune response and its potential impact on tumor 
microenvironment regulation. Understanding the role of TLR4 polymor-
phisms in cervical cancer progression could provide valuable insights into the 
interplay between the immune system and tumor development. 

Similarly, RRP1B and SIPA1 are genes with emerging significance in 
cancer biology, implicated in cell proliferation, migration, and invasion. 
Investigating genetic variants within these genes in the context of cervical 
cancer could shed light on their specific contributions to tumor aggressi-
veness and metastasis. 

SRSF1, a splicing factor, has been increasingly recognized for its role in 
alternative splicing patterns associated with cancer progression. Exploring 
the correlations between SRSF1 variants and the course of cervical cancer 
could reveal novel mechanisms of tumor growth and therapeutic targets. 

The study of long non-coding RNAs (lncRNAs) encoded by HOTAIR 
and MALAT1 represents a cutting-edge area of research in cancer biology. 
These lncRNAs have been implicated in various aspects of tumorigenesis, 
including epigenetic regulation, metastasis, and treatment resistance. Ana-
lyzing genetic variations within HOTAIR and MALAT1 genes may uncover 
novel biomarkers for cervical cancer prognosis and potential therapeutic 
targets.  

Previous studies have indicated that inherited polymorphisms are asso-
ciated with specific tumor characteristics and subsequent outcomes in human 
cancer. Recognizing the potential impact of germline polymorphisms on 
disease pathomorphological features and disease progression, we examined 
the associations between twenty-seven functional SNPs in the TLR4, RRP1B, 
SIPA1, SRSF1, HOTAIR, and MALAT1 genes and the clinicopathological 
profiles and survival rates in a cohort of women with cervical cancer. To our 
knowledge, our study is the first to analyze these gene SNPs to assess clinico-
pathological features and the progression of cervical cancer. It establishes a 
link between SNPs and CC, suggesting these genetic variants as predictive 
biomarkers for prognosticating the development of the disease in the future. 
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The study boasts several strengths, including a comprehensive dataset 
comprising genetic data, tumor phenotype information, and survival data.  

Notably, the absence of comparable studies examining the associations 
between these polymorphisms and the clinicopathological characteristics of 
cervical cancer prevents a direct comparison of our results. Consequently, our 
investigation aimed to elucidate the effect of these polymorphisms on the 
clinical manifestations and outcomes of the disease. 

Overall, by investigating the genetic variants of these six genes and their 
associations with cervical cancer progression, this study not only addresses 
gaps in current understanding but also holds promise for the identification of 
novel prognostic markers and therapeutic targets, ultimately contributing to 
improved patient outcomes in the management of cervical cancer. 
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7. Collecting patient survival follow-up data; 
8. Creating a patient database; 
9. Performing statistical analysis; 
10. Preparing publications related to the study. 
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1. LITERATURE REVIEW 

1.1. Prevalence of cervical cancer 

Cervical cancer (CC) ranks among the most frequently diagnosed 
cancers and stands as a leading cause of cancer-related mortality in women 
worldwide. It presents a significant global health challenge, with marked 
disparities in incidence and mortality rates between regions, particularly 
affecting women in low- and middle-income countries (LMICs). According 
to the World Health Organization (WHO), cervical cancer is the fourth most 
common cancer among women worldwide, with an estimated 660,000 new 
cases and 350,000 deaths reported in 2022 alone [1]. These statistics under-
score the urgent need for continued research and intervention efforts to 
mitigate the burden of this disease. 

The distribution of cervical cancer incidence and mortality rates varies 
substantially across regions, with the highest burden observed in LMICs. In 
sub-Saharan Africa, for instance, cervical cancer ranks as the leading cause 
of cancer-related mortality among women, with incidence rates as high as 40 
per 100,000 women [13]. Similarly, regions such as South Asia and Latin 
America experience significant morbidity and mortality attributable to 
cervical cancer [14]. 

These disparities in cervical cancer burden are largely attributed to dispa-
rities in access to preventive measures such as vaccination against human 
papillomavirus (HPV) and screening programs for early detection of precan-
cerous lesions. In high-income countries (HICs), widespread implementation 
of HPV vaccination programs and organized screening initiatives has led to 
notable reductions in cervical cancer incidence and mortality rates [2]. 
However, such preventive measures remain largely inaccessible in many 
LMICs, contributing to the disproportionate burden of cervical cancer in 
these regions. In addition to disparities in preventive measures, challenges in 
accessing timely diagnosis and treatment further exacerbate the burden of 
cervical cancer in LMICs. Limited infrastructure, shortage of skilled health-
care providers, and socioeconomic barriers often impede women’s access to 
essential cervical cancer screening, diagnosis, and treatment services [15–18]. 

In Europe, cervical cancer incidence and mortality rates vary widely, 
reflecting differences in healthcare infrastructure, screening programs, and 
access to preventive measures such as HPV vaccination. While many countries 
in Western Europe have implemented organized screening initiatives and 
achieved substantial reductions in cervical cancer burden, disparities persist 
in Eastern and Southern Europe, where access to screening services may be 
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limited and screening uptake rates remain suboptimal. While some countries 
are close to reaching the target for reducing cervical cancer incidence, 
significant disparities remain in incidence, mortality, and access to quality 
care across Europe. The annual world-age standardized incidence rates vary 
significantly, ranging from 6.8 per 100,000 women in Western Europe to 16 
per 100,000 women in Central and Eastern Europe [19, 20]. 

Recent data from the European Centre for Disease Prevention and 
Control (ECDC) indicate that although cervical cancer incidence rates have 
been declining in most European countries, mortality rates remain a concern, 
particularly in regions with lower screening coverage and vaccination rates 
[21]. 

The success of HPV vaccination programs in Europe also varies across 
countries, with higher coverage rates reported in Northern and Western 
European nations compared to Central and Eastern European countries. As a 
result, disparities in HPV vaccine uptake contribute to disparities in cervical 
cancer burden across the continent [2]. 

In addition to geographical disparities, socioeconomic factors play a 
significant role in shaping cervical cancer outcomes in Europe. Women from 
disadvantaged socioeconomic backgrounds are less likely to participate in 
cervical cancer screening programs and may face barriers to accessing timely 
diagnosis and treatment services. Figure 1 displays the age-standardized 
incidence and mortality rates for cervical cancer across different regions 
worldwide. Figure 2 provides estimates of cervical cancer incidence and 
mortality for European countries. 

According to data from the Lithuanian Institute of Hygiene, there were 
154 recorded deaths due to cervical cancer in 2023, accounting for 0.42% of 
all causes of death. Based on data from the Cancer Institute, 354 new cases 
of cervical cancer were reported in 2017 (the most recent available data). 
Cervical cancer was the sixth most common type of cancer among women in 
Lithuania. In that year, there were 200 recorded deaths due to cervical cancer. 

Despite these challenges, recent advancements in molecular biology and 
genetics offer promising avenues for improving cervical cancer prevention 
and treatment. Understanding the genetic determinants of cervical cancer 
susceptibility, progression, and treatment response is crucial for developing 
targeted interventions and personalized treatment strategies. 

In this context, our study aims to investigate the influence of germline 
polymorphisms in key genes associated with cervical cancer, with a particular 
focus on European populations. Our research seeks to identify novel bio-
markers with prognostic value and to inform precision medicine approaches 
for cervical cancer management in Europe. 
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Figure 1. Region-specific age-standardized incidence  

and mortality rates for cervical cancer in 2022. 
The rates are presented in descending order based on the world (W) age-standardized 
incidence rate, with the highest national age-standardized rates for both incidence and 
mortality highlighted. Source: GLOBOCAN 2022: https://gco.iarc.fr/today/en/dataviz/ 
maps-heatmap?mode=population&sexes=2&cancers=23&types=0; https://gco.iarc.fr/today/ 
en/dataviz/maps-heatmap?mode=population&sexes=2&cancers=23&types=1. 
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Figure 2. Estimates of cervical cancer incidence  

and mortality in 2022, for all countries. 
Source: ECIS – European Cancer Information System: https://ecis.jrc.ec.europa.eu/explorer. 
php?$0-0$1-All$2-All$4-2$3-30$6-0,85$5-2022,2022$7-7,8$CEstByCountry$X0_8-3$X0 
_19-AE27$X0_20-No$CEstBySexByCountry$X1_8-3$X1_19-AE27$X1_-1-1$CEstByIndi 
ByCountry$X2_8-3$X2_19-AE27$X2_20-No$CEstRelative$X3_8-3$X3_9-AE27$X3_19 
-AE27$CEstByCountryTable$X4_19-AE27. 

1.2. Cervical cancer risk factors  

The risk factors for cervical cancer yields valuable insights into the 
epidemiology and determinants of this prevalent disease. The complex factors 
interplay of socioeconomic, behavioral, and healthcare-related factors 
influences the development of cervical cancer. 

Cervical cancer remains a significant global health challenge, particu-
larly affecting women in developing countries. Across the world, certain risk 
factors have been consistently identified as contributing to the development 
of this cancer. The findings regarding the association between sexually trans-
mitted infections (STIs) and cervical cancer highlight the need for compre-
hensive sexual health education and STI prevention programs.  
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Human papillomavirus (HPV) infection stands out as the primary risk 
factor. One of the most significant scientific discoveries of the past 30 years 
is the establishment of a causal link between human papillomavirus infection 
of the cervix and cervical cancer, spearheaded by Harald zur Hausen and his 
team, leading to the development of highly effective prophylactic vaccines 
preventing 70–80% of cervical cancer cases, for which zur Hausen was 
awarded the Nobel Prize in Physiology or Medicine in 2008 [22].  

Human papillomavirus types are classified as either carcinogenic or 
probably carcinogenic, with type 16 being significantly more likely to persist 
and lead to CIN3 and cervical cancer [23, 24]. Roughly 70% of all cervical 
cancer cases are attributed to Human Papillomavirus types 16 and 18 [25, 26]. 
Specific HPV types such as 16, 18, 31, 33, and 45 being strongly associated 
with invasive cervical carcinoma [27].  

Global randomized clinical trials have demonstrated that bivalent, 
quadrivalent, and nonavalent vaccines provide protection against precan-
cerous lesions associated with human papillomavirus, with high efficacy 
observed in individuals not previously infected with HPV, although efficacy 
decreases in those with prior HPV exposure. Additionally, these vaccines 
offer cross-protection against non-vaccine HPV types [28–37].  

Human papillomavirus (HPV) infection is the primary risk factor for 
cervical cancer, with certain high-risk HPV types, notably HPV 16 and 18, 
being responsible for the majority of cases [38, 39]. Advances in screening 
methods, such as HPV testing and Pap smears, have significantly improved 
early detection and prevention efforts, leading to a decrease in cervical cancer 
incidence and mortality rates in many countries [40]. Vaccination against 
HPV has emerged as a powerful strategy for cervical cancer prevention, with 
vaccines targeting the most oncogenic HPV types, demonstrating high 
efficacy in preventing HPV infection and subsequent cervical lesions [41]. 
While many countries in Western Europe have implemented organized 
screening initiatives and achieved substantial reductions in cervical cancer 
burden, disparities persist in Eastern and Southern Europe, where access to 
screening services may be limited and screening uptake rates remain 
suboptimal. Recent data from the European Centre for Disease Prevention 
and Control (ECDC) indicate that although cervical cancer incidence rates 
have been declining in most European countries, mortality rates remain a 
concern, particularly in regions with lower screening coverage and vaccina-
tion rates [42]. 

WHO/UNICEF data from 2010 to 2019 show progress toward the 90% 
HPV vaccination target by 2030, but significant challenges remain. By June 
2020, 107 of 194 WHO Member States had introduced HPV vaccination, with 
the Americas and Europe leading. Despite a surge in introductions, especially 
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in low- and middle-income countries, global coverage for the final HPV dose 
in 2019 was only 15%. Achieving the 2030 target will require continued efforts, 
particularly in high-population countries, to improve and expand vaccination 
programs [43]. 

Other notable risk factors include low socioeconomic status, smoking, 
early age at first sexual intercourse, having multiple sexual partners, and 
giving birth to multiple children. Moreover, the impact of early marriage and 
limited access to menstrual hygiene products, such as sanitary pads, in 
exacerbating the risk of cervical cancer, particularly among women in rural 
areas [44, 45]. 

Researches indicates that these risk factors often intersect, amplifying the 
likelihood of cervical cancer development. One of the most striking 
observations is the disproportionate burden of cervical cancer in developing 
countries, particularly in regions with low socioeconomic status and limited 
access to healthcare services. For instance, women from disadvantaged socio-
economic backgrounds may have limited access to healthcare services, leading 
to lower rates of HPV vaccination and cervical cancer screening. Additional-
ly, cultural and societal factors may influence behaviors such as early 
marriage and childbearing, which further compound the risk. Furthermore, 
poor knowledge and awareness about cervical cancer prevention and screening 
exacerbate the problem, particularly among marginalized communities. 
Women with limited education may be less likely to seek preventive measures 
or recognize early symptoms of cervical cancer, delaying diagnosis and 
treatment. 

Countries with a high prevalence of cervical cancer highlight the urgent 
need for targeted interventions and awareness campaigns in such settings. The 
role of education emerges as a critical determinant of cervical cancer risk, 
with illiteracy identified as a significant risk factor. This underscores the 
importance of education in empowering women with knowledge about pre-
ventive measures and early detection strategies. By targeting high-risk popu-
lations and addressing the social determinants of health, it is possible to 
reduce the burden of cervical cancer globally and improve outcomes for 
women worldwide. 

1.3. Cervical cancer treatment 

Cervical cancer treatment has evolved significantly in recent years, 
incorporating advances in surgery, radiotherapy, chemotherapy, and targeted 
therapies to improve patient outcomes. The choice of treatment depends on 
the cancer's stage, histological type, and the patient’s overall health. 
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Surgery remains a cornerstone of cervical cancer treatment, particularly 
for early-stage disease. The primary surgical approaches include conization, 
trachelectomy, and hysterectomy. Conization is often used for very early-
stage cancers and involves removing a cone-shaped piece of tissue from the 
cervix to both diagnose and treat the cancer. Radical trachelectomy is a 
surgical procedure that involves the removal of the cervix, the upper part of 
the vagina, and surrounding tissues, while preserving the uterus. Hysterecto-
my is total or radical hysterectomy involves the removal of the uterus, cervix, 
and sometimes surrounding tissues. Recent advancements include minimally 
invasive techniques like laparoscopic and robotic-assisted surgeries, which 
have been shown to reduce recovery times and surgical complications [46, 
47]. 

Radiotherapy is a critical treatment modality for cervical cancer, espe-
cially in combination with chemotherapy for locally advanced stages. 
External beam radiation therapy (EBRT) and brachytherapy (internal radia-
tion) are the primary forms used. Recent studies emphasize the importance of 
personalized radiotherapy planning to maximize efficacy while minimizing 
side effects [48, 49]. 

Chemotherapy is often used in conjunction with radiation therapy for 
advanced cervical cancer or in the adjuvant setting. Platinum-based regimens, 
such as cisplatin, remain the standard. Recent developments include the 
exploration of new drug combinations and agents, such as the addition of 
targeted therapies to enhance treatment efficacy [50]. 

Targeted therapies and immunotherapies are an expanding area of 
research and clinical application, designed to specifically target cancer cells 
or the mechanisms driving tumor growth. Recent advancements include 
checkpoint inhibitors, which target PD-1 and have shown promise in treating 
recurrent or metastatic cervical cancer, particularly in patients with high PD-
L1 expression. Additionally, anti-VEGF therapies, which inhibit tumor blood 
vessel growth, are increasingly used in combination with chemotherapy for 
advanced stages of the disease. These innovative approaches are enhancing 
treatment options and improving outcomes for cervical cancer patients [51, 
52]. 

The field of cervical cancer treatment is increasingly moving towards 
personalized medicine, where treatment is tailored based on genetic, mole-
cular, and clinical characteristics of the tumor. Advances in genomic profiling 
and biomarker identification are leading to more precise and effective treat-
ment strategies [53, 54].  
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1.4. Cervical cancer biomarkers 

Tumor development is linked to the expression of tumor suppressor 
genes and oncogenes. Identifying biomarkers for early diagnosis and prog-
nosis, along with developing effective therapies, is crucial to improving 
patient survival. 

Liquid biopsy biomarkers are emerging as promising tools for the non-
invasive detection and monitoring of cervical cancer. These biomarkers, 
which include circulating tumor cells (CTCs), cell-free DNA (cfDNA), 
microRNAs (miRNAs), proteins, and exosomes, can be found in blood or 
other body fluids. CTCs, for example, provide insights into tumor behavior 
and metastasis, while cfDNA analysis reveals tumor-specific genetic altera-
tions. MiRNAs, which regulate gene expression, and protein biomarkers like 
p16INK4a and SCC-Ag, offer diagnostic and prognostic information. Exoso-
mes, containing various molecular signals from cancer cells, also contribute 
to understanding tumor dynamics [55–60]. 

Protein biomarkers for cervical cancer are specific proteins with altered 
levels or expression patterns in cancer tissues or fluids like blood or cervical 
fluid. These biomarkers can indicate disease presence, progression, or 
response to treatment. Key examples include p16INK4a [61], which is ele-
vated in cervical cancer due to HPV infection and used to identify high-grade 
lesions, and HPV E6/E7 oncoproteins [62], which drive cancer development 
and serve as indicators of HPV-associated cancer. Cytokeratins like CK7, 
CK17, and CK19 [63, 64] help distinguish cancer subtypes, while VEGF [65, 
66], SCC-Ag [67], and CA-125 [68] levels are associated with tumor growth, 
progression, and metastasis. NF-kB is a key transcription factor in immune 
response and cervical cancer progression, reactivated by HPV to promote 
tumor growth and metastasis [69]. Additional, Ki67 [70] and MMPs [71] are 
protein biomarkers under investigation for cervical cancer detection, as their 
dysregulation is linked to key processes like apoptosis, cell proliferation, 
invasion, and metastasis. 

Epigenetic biomarkers, including DNA methylation patterns [72], histo-
ne modifications [73], and chromatin remodeling [74] have all been linked to 
cervical cancer progression.  

Cervical cancer development and progression are driven by complex 
genetic and molecular alterations. Persistent HPV infection, particularly with 
high-risk types like HPV16 and HPV18, initiates the process by disrupting 
cell cycle control through the E6 and E7 oncoproteins, which inactivate tumor 
suppressors p53 and pRb [75, 76]. Several key signaling pathways are also 
involved. The PI3K/Akt/mTOR pathway, often activated by mutations such 
as PIK3CA or PTEN loss, promotes cell survival, proliferation, and meta-
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stasis [77]. The RAS/RAF/MAPK and Wnt/β-catenin pathways further 
contribute to tumor growth and spread by promoting cellular proliferation and 
invasion [78, 79]. Additionally, dysregulation of the Hedgehog [80, 81] and 
Notch [82] pathways supports cancer cell survival and stem cell maintenance. 
Understanding these pathways not only sheds light on the disease’s biology 
but also offers potential targets for new therapies and biomarkers for diag-
nosis and treatment response. 

Genetic alterations in cervical cancer, including mutations, amplifi-
cations, deletions, and rearrangements, serve as key biomarkers for detection, 
diagnosis, prognosis, and treatment response. Common mutations, like those 
in the TP53 tumor suppressor gene, are linked to advanced cervical cancer 
[83], while PIK3CA [84] and Kras mutations activate critical pathways like 
PI3K/Akt/mTOR [85] and RAS/RAF/MAPK [86–88], influencing tumor 
growth and treatment resistance. PTEN loss [89] and alterations in other 
genes like Myc and ERBB2 further drive tumorigenesis [90]. Identifying 
these genetic changes through various molecular techniques can help tailor 
treatment and improve patient outcomes, though further validation is needed 
for routine clinical use. 

Advances in genomic [91], transcriptomic [92], and proteomic [93] 
technologies have significantly deepened our understanding of cervical 
cancer and enabled the discovery of new biomarkers for diagnosis, prognosis, 
and treatment assessment. High-throughput genomic methods like whole-
genome and whole-exome sequencing reveal critical mutations and genetic 
alterations, while transcriptomic technologies such as RNA sequencing unco-
ver gene expression patterns and non-coding RNAs linked to tumor pro-
gression. Proteomic techniques, including mass spectrometry and antibody-
based assays, identify key proteins and signaling networks involved in 
cervical cancer [93–95]. These integrated multi-omics approaches offer a 
comprehensive view of cervical tumor biology, enhancing early detection, 
patient stratification, and personalized treatment strategies. 

1.5. Inflammation, immune response, and cervical cancer 

In today’s oncology, the genetic features of the host that determine the 
pathophysiology of cancer and the course of the disease are intensively 
studied. The genetic influence on cancer is multifaceted; some factors are 
known for their roles in cell cycle function, apoptosis, and cell differentiation. 
The risk of cancer is increased by additional factors that activate the immune 
system and cause inflammation. Although the role of inflammation is to 
resolve infection and injury, when inflammation becomes chronic, it can 
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contribute to the development and progression of cancer. Inflammatory 
mediators can promote neoplasia by inducing mutations, adaptive responses, 
resistance to apoptosis, and environmental changes such as stimulation of 
angiogenesis [96–98]. 

1.5.1. The multifaceted functions of Toll-like receptor signaling 
pathways in immunology and oncology 
Scientific studies suggest that membrane-associated innate Toll-like 

receptors (TLRs), as pattern recognition receptors (PRRs), play a major role 
in activating the immune response associated with autoimmune diseases, 
inflammation, and tumor-associated diseases. The human TLR family consists 
of 10 members (TLR1–TLR10). They are expressed in human immune cells 
and many tumors. Each of their expressions elicits a different response. These 
transmembrane proteins can recognize pathogen-associated molecular patterns 
(PAMPs) or host damage-associated molecular patterns (DAMPs) to activate 
innate and adaptive immune responses by triggering the activation of NF-κB, 
AP1, CREB, c/EBP, and IRF transcription factors. TLRs mediate changes in 
the expression of chemokines and pro-inflammatory cytokines and activate 
the response of cytotoxic lymphocytes, thereby eliminating pathogens and 
host debris [99–102]. 

The signaling pathway of TLRs begins in the cytoplasmic TIR domain, 
which contains adaptors such as MyD88, TIRAP, and TRIF. These adaptors 
modulate TLR signaling pathways, helping to recognize antigenic molecules 
(lipopolysaccharides, nucleic acids). This activates protein complexes, such 
as NF-κB, IRFs, and MAP kinases, via the MyD88-dependent pathway through 
the recruitment of members of the IRAK family, the TRIF-dependent pathway, 
or the MyD88-independent pathway. This regulation of the production of 
cytokines, chemokines, and type I interferon aids in eliminating antigens. 
Negative regulation of the signaling pathway helps protect the host from 
inflammatory damage [103–106]. Figure 3 illustrates the Toll-like receptor 
pathways involved in the progression of cervical cancer [5]. 

Studies have shown that TLRs can produce the desired antitumor effects 
by inducing apoptosis, autophagy, and necrosis in tumor cells [107–109]. 
TLR expression correlates with cancer prognosis [110, 111]. Activation of 
TLRs has become a target for cancer immunotherapy [112–117]. 
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Figure 3. Toll-like receptor pathways in cervical cancer development. 

TLRs 1, 2, 4, and 6 are membrane-bound, while TLRs 3, 7, 8, and 9 are found in endosomes. 
These receptors detect various PAMPs and, upon activation, form dimers that engage MyD88 
or TRIF signaling pathways. TLR4 uniquely activates both MyD88 (via TIRAP) and TRIF 
(via TRAM). The activation of IRF3 leads to type I IFN production, while NF-kB and MAPK 
pathways drive inflammatory and immune responses, highlighting the potential of TLRs in 
cancer therapy research. (Figure reproduced from Agarwal et al. (2024) created using 
BioRender.com.) [5].  

1.5.2. TLR4 gene and its role in disease pathogenesis,  
cancer progression, and HPV-positive cervical cancer 
The TLR4 gene, which consists of three exons and is localized on chro-

mosome 9q33.1, is one of the most studied TLRs. Mutations in the TLR4 gene 
have been shown to induce resistance of pathogens to lipopolysaccharides in 
mice [118]. TLR4 mutations are associated with endotoxin hyporesponsive-
ness in humans [119]. The TLR4 receptor is likely associated with a number 
of diseases because of the range of ligands (both pathogen-related and endo-
genous) identified as agonists of TLR4 [120]. Multiple published studies 
suggest that TLR4 is linked to a range of diseases, including infectious disease 
[121–124], atherosclerosis [125–128], asthma [129–131], chronic obstructive 
pulmonary disease [132], cardiac disease [133–136], inflammatory bowel 
disease [137–139], liver disease [140–143], renal disease [144, 145], diabetes 
[146–148], rheumatoid arthritis [149, 150], Alzheimer’s disease [151–154], 
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Parkinson’s disease [155–158], neurovascular function [159], multiple sclerosis 
[160, 161], and bipolar disorder [162], with potential treatments targeting the 
TLR4 pathway. 

TLR4 is expressed on a variety of immune and tumor cells, but its 
activation can have opposing effects. While TLR4 activation can promote 
antitumor immunity, it can also, conversely, result in increased tumor growth 
and immunosuppression [163]. Changes in TLR4 gene expression are involved 
in carcinogenesis and tumor progression through chronic inflammation and 
the formation of a tumor microenvironment. Activated TLR4 increases 
inflammatory cytokines and enhances cell proliferation, migration, invasion, 
and survival. While these functions in normal cells are essential for host 
defense and tissue repair, overexpression of TLR4 in malignant cells promo-
tes tumor growth and metastasis [164]. High expression of TLR4 is likely 
associated with poor survival outcomes in patients with solid cancers [165].  

TLR4 expression is closely associated with the tumorigenesis and growth 
of HPV-positive cervical cancer. TLR4 promotes HPV-positive cervical 
tumor growth and facilitates the formation of a local immunosuppressive 
microenvironment, potentially leading to cervical cancer (CC) development 
[166]. TLR4 expression correlates with histopathological grade in human 
papillomavirus (HPV)-infected cervical cells; it is higher in invasive cervical 
cancers (ICC) compared to cervical intraepithelial neoplasia (CIN) and low 
in normal cervical tissues. Moreover, higher TLR4 expression is observed in 
HPV-positive cervical cancer cell lines SiHa and HeLa compared to the HPV-
negative cell line C33A, suggesting a role for HPV infection in TLR4 regu-
lation [167]. Increased TLR4 expression is linked to the severity of cervical 
lesions and closely associated with FIGO stage, lymph node metastases, and 
tumor size in CC. Higher TLR4 expression levels are observed in advanced 
FIGO stages with larger tumor sizes [168]. Various factors influencing the 
development of CC have been identified, with cervical tumorigenesis often 
initiated by high-risk HPV [169]. Scientific publications indicate a close rela-
tionship between TLRs, especially TLR4, and HPV infection in CC. TLRs 
have been found to regulate the local immune microenvironment in CC 
caused by high-risk HPV infection [170]. 

Single nucleotide polymorphism (SNP) is likely to affect cancer suscep-
tibility. The influence of polymorphisms of the TLR4 gene on various can-
cerous diseases was investigated [171–174]. To comprehensively analyze the 
impact of germinal polymorphisms on the course of the disease, the main 
components influencing the spread of cancer are investigated. A review of the 
global literature focused on the influence of TLR4 gene polymorphisms and 
expression on the course of various cancers (tumor proliferation, differen-
tiation, metastases, prognosis, and patient survival). An association between 
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TLR4 polymorphisms and a risk of hypersensitivity to HPV16/18 infection 
in women and increased risk of cervicitis, the precancerous lesion has been 
identified [175–179]. However there are very few studies on the impact of 
TLR4 gene polymorphisms on the pathomorphological features or course of 
cervical cancer. 

1.6. Cervical cancer metastasis 

Cancer is a leading cause of death characterized by abnormal cell growth, 
invasiveness, and metastasis. Many patients experience metastasis after diag-
nosis or treatment, contributing to high mortality and healthcare costs. 

Metastasis stands as a paramount and intricate phenomenon in the domain 
of oncologic diseases. Earlier investigations have ascertained the noteworthy 
impact of the genetic context in which tumors originate on their proclivity for 
metastasis. Predictive human gene expression profiles associated with meta-
stasis exhibit their presence not solely in mouse tumors featuring varying 
metastatic capacities but also display a discernible correlation with the 
inherent genetic backdrop. It is suggested that the genesis of human meta-
stasis-predictive gene expression signatures may be markedly propelled by 
the genetic background, eclipsing the influence of acquired somatic muta-
tions [180–185]. The capacity to discern individuals at an elevated risk of 
disseminated disease precisely during the clinical manifestation of primary 
cancer holds the potential for a substantial paradigm shift in cancer mana-
gement. 

The most common sites for cervical cancer metastasis are the lungs, 
bones, liver, and brain [186, 187]. 

1.6.1. The role of the RRP family 
Some common ribosomal proteins that belong to the RRP family have 

been implicated in cancer biology: RPL (ribosomal protein large subunit) 
family, RPS (ribosomal protein small subunit) family. RPL5 has been impli-
cated in cancer development and progression in various tumor types, but 
specific research on its role in cervical cancer appears limited. However, 
dysregulated expression of RPL5 has been reported in other gynecological 
cancers, suggesting poten tial relevance in cervical cancer as well [188–190]. 
RPL11 has been identified as a tumor suppressor protein that regulates the 
p53 pathway and cell cycle progression. While research specifically focusing 
on RPL11 in cervical cancer is limited, dysregulated expression of RPL11 has 
been reported in other cancer types, including ovarian and breast cancers 
[191–194]. RPL23 is involved in ribosome biogenesis and protein synthesis, 
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but its specific role in cervical cancer remains poorly understood [195–198]. 
RPL26 plays a role in ribosome assembly and protein translation. However, 
dysregulated expression of RPL26 has been associated with tumorigenesis 
and metastasis in other cancer types, suggesting possible relevance in cervical 
cancer as well [199, 200]. RPL36 is involved in ribosome assembly and 
protein synthesis, but its specific role in cervical cancer is not extensively 
studied [201, 202]. 

1.6.2. The role of the RRP1B gene in modulating metastasis  
and prognostic gene expression in cancer 
Employing a meticulously characterized transgenic model of mouse 

mammary tumorigenesis, the ribosomal RNA processing 1 homolog B 
(RRP1B/KIAA0179) gene has been pinpointed as a potential modifier QTL 
gene impacting metastasis efficiency [8, 203, 204]. RRP1B is primarily 
identified as a nucleolar protein and is also nuclear membrane-associated pro-
tein, although it has been reported in multiple cellular locations. The RRP1B 
gene is located on chromosome 21q22.3, and the protein contains 758 amino 
acids. Previous investigations have revealed that RRP1B forms a binding 
alliance with the metastasis-modulating factor GTPase activator SIPA1 [205, 
206]. Simultaneously, in vitro, using mouse and human metastasis gene ex-
pression data, RRP1B expression was found to be associated with extracel-
lular matrix genes (ECM) expression and to be a germline regulator of ECM 
genes, which are recognized as metastasis predictive components with diffe-
rent regulation in metastasis-prone tumors. Ectopic expression of RRP1B 
inhibited tumor growth and metastasis in the highly metastatic mouse mam-
mary tumor cell line. The significance of RRP1B was underscored by the 
discovery that germline polymorphisms (SNPs) within the human RRP1B 
consistently correlate with clinical breast cancer outcomes and survival [8, 
207].  

RRP1B upregulation is associated with metastasis suppression. RRP1B 
physically interacts with many nucleosome binding factors. The primary 
outcome of transcriptional repression is RRP1B binding to chromatin, and 
occupies loci with decreased gene expression. RRP1B orchestrates the regu-
lation of metastasis-associated gene expression through its interaction with 
the transcriptional corepressors tripartite motif-containing protein 28 (TRIM28) 
and heterochromatin protein 1-α (HP1α) by recruiting chromatin-modifying 
enzymes. RRP1B influences histone methylation changes [207,208]. RRP1B 
suppresses metastatic progression also modulating the expression of alter-
native mRNA isoforms through interactions with the splicing regulator and 
oncoprotein SRSF1 [209]. Further experimentation demonstrated that RRP1B 
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interacts with protein phosphatase 1 (PP1), whose functions are implicated in 
tumorigenesis, the tumor microenvironment, and the metastatic cascade, and 
regulates nucleolar phosphorylation signaling [210–212]. RRP1B enhances 
DNA damage-induced apoptosis by functioning as a transcriptional coacti-
vator for proapoptotic target genes under the regulation of the transcriptional 
activator E2F1 [213].  

RRP1B associates with the nucleolar phosphoprotein NPM1, partici-
pating in cellular proliferation, growth-suppression pathways, and the apop-
totic response to oncogenic stimuli such as DNA damage and hypoxia. NPM1 
is implicated in tumorigenesis [207, 214, 215]. Furthermore, RRP1B interacts 
with the protein BRD4, a transcriptional and epigenetic regulator that holds a 
pivotal role in cancer development [216–218]. RRP1B can upregulate the 
expression of claudin-1 by depleting DOCK1, and increase cell viability and 
motility of claudin-low breast cancer cells [219]. It is proposed that RRP1B 
is targeted by miR-320a and contributes to cancer survival [220]. 

Various studies, underscore the multifaceted nature of how RRP1B 
governs both transcription and metastasis. The dysregulation of RRP1B exerts 
a net effect on multiple pathways and biological processes, underscoring the 
complexity of its influence on metastasis and prognostic gene expression.  

While the molecular understanding of RRP1B as a potential modifier of 
metastasis is present, there is a scarcity of reports concerning the impact of 
host genetic factors on various cancers progression and metastasis.  

1.6.3. The role of the SIPA1 gene in cancer metastasis and prognosis 
Cancer metastasis, a major cause of mortality, involves complex processes. 

Signal Induced Proliferation Associated Protein 1 (SIPA1), a Rap-GTPase-
activating protein, is mapped to chromosome 11q13.1 and spans 12.8 kb. This 
mitogen-inducible gene is implicated in metastasis and is associated with 
poor prognosis. SIPA1 is a crucial gene implicated in effective tumor meta-
stasis. The SIPA1 gene, also called SPA1 (suppressor of phyA-105), was ini-
tially identified in 1995 from a murine lymphoid cell line, LFD 14, following 
IL-2 stimulation. In mice, SIPA1 was characterized as a 3,518 bp gene with a 
lengthy open reading frame (ORF) spanning from position 1,199 to 3,280, 
along with several shorter ORFs at the 5'-end. The same research team later 
isolated human SIPA1 cDNA from peripheral blood lymphocytes (PBL) after 
stimulation with phytohemagglutinin and TPA [221, 222]. SIPA1 was initially 
thought to specifically act as a GAP for Rap1, Rap2, Rsr1, and nuclear Ran. 
However, recent findings suggest that SIPA1 does not function as a GAP for 
Ran or other small GTPases. Overexpression of SIPA1 leads to cell rounding 
and detachment from the extracellular matrix by inhibiting Rap1 activation, 
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indicating that SIPA1 negatively regulates cell adhesion through its effect on 
Rap1 signaling [221, 222]. SIPA1 protein exhibits variable expression levels 
and localization across different human tissues and cell types. It is most 
abundantly expressed in lymphohematopoietic tissues, including the spleen, 
bone marrow, and thymus. Depending on the cell type and its interactions 
with other proteins, SIPA1 can be found in the cytoskeleton, plasma membra-
nes, or nuclei [223]. 

SIPA1 influences cancer development and metastasis through different 
mechanisms depending on the tumor type [9]. Mutations in SIPA1 are linked 
to juvenile myelomonocytic leukemia and MDS/MPN. SIPA1 deficiency in 
mice disrupts bone marrow (BM) stromal cells and accelerates MPN develop-
ment. SIPA1 is downregulated in BM from MPN/MDS patients, leading to 
inflammatory cytokine changes and dysregulated genes. These alterations 
suggest SIPA1 is crucial for maintaining BM niche stability, and targeting 
SIPA1 or its pathways could be a potential MPN therapy [224]. Mice lacking 
SIPA1 rarely develop chronic myelogenous leukemia (CML) when trans-
planted with Bcr-Abl-expressing progenitor cells. SIPA1−/− mesenchymal 
stroma cells (MSCs) show increased activation and migration toward Bcr-
Abl+ cells, producing Cxcl9 that recruits SIPA1−/− memory T cells with 
enhanced chemotactic activity [225]. 

SIPA1 was demonstrated to regulate the transcription of multiple genes 
involved in signal transduction, DNA synthesis, cell adhesion, and cell migra-
tion [226]. In HeLa cells, Brd4 binds directly to SIPA1’s GRD domain, prima-
rily within the nuclear region, enhancing SIPA1’s RapGTPase activity for 
Rap1 and Rap2. This SIPA1-Brd4 interaction accelerates the cell cycle from 
M to G1 phases, potentially influencing cancer progression [227, 228]. It 
comprises domains like RapGTPase-activating protein (GRD), PDZ, and 
Leucine zipper-like (LZ). SIPA1 interacts with various proteins, including 
integrin β1, afadin (AF6), aquaporin-2 (AQP2), and bromodomain protein 
Brd4. These interactions regulate cell adhesion, tight junctions, and intracel-
lular transport, influencing cancer metastasis. SIPA1 expression varies across 
tissues, influencing cellular functions [9]. Co-immunoprecipitation in 293T 
cells revealed that SIPA1 specifically interacts with AF6, binding at the GRD 
domain of SIPA1 and the PDZ domain of AF6. AF6 is localized at cell 
adhesion sites and associates with the tight junction protein ZO-1. SIPA1 also 
co-localizes with AF6 at these sites, indicating a potential role for SIPA1 in 
regulating tight junctions via AF6, though this connection is not yet fully 
established [229]. 

Nuclear SIPA1 interacts with several proteins and activates the integrin 
β1 promoter in breast cancer cells. Knockdown of SIPA1 in MDA-MB-231 
cells significantly reduced its mRNA levels. Chromatin immunoprecipitation 
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showed that SIPA1 binds to the ITGB1 promoter, enhancing its transcription 
and altering integrin-mediated FAK/Akt signaling, which impacts cancer cell 
adhesion and invasion [230]. SIPA1also acts as a transcription factor (TF). 
SIPA1 binds to DNA, specifically recognizing a TGAGTCAB motif, and 
regulates the transcription of genes involved in signal transduction, DNA 
synthesis, cell adhesion, and migration. Notably, SIPA1 controls fibronectin 1 
transcription, crucial for cell migration in triple-negative breast cancer 
(TNBC). Single-cell transcriptome analysis from a metastatic TNBC patient 
showed high SIPA1 expression in metastatic cells, highlighting SIPA1's role 
in promoting TNBC migration, invasion, and metastasis [226]. SIPA1 
induces the expression of CD44 in breast cancer cells. The expression of 
SIPA1 is associated with the survival and prognosis of breast cancer, under-
scoring its potential significance in the disease’s progression [231]. The 
expression of SIPA1 in breast cancer is positively correlated with the number 
of infiltrated macrophages in invasive breast ductal carcinoma tissues and 
MDA-MB-231 xenograft tumors [232]. SIPA1 drives aerobic glycolysis in 
metastatic breast cancer cells by upregulating EPAS1 and glycolysis-related 
genes, shifting ATP production from oxidative phosphorylation to glycolysis. 
Blocking SIPA1 or glycolysis reduced tumor metastasis in vitro and in vivo. 
SIPA1’s role in glycolysis under normal oxygen conditions suggests it as a 
potential therapeutic target for aggressive breast cancer [233]. SIPA1 enhan-
ces breast cancer cell stemness by promoting tumorsphere formation and 
CD44 expression, and by upregulating SMAD2 and SMAD3. Blocking SMAD3 
phosphorylation with SIS3 reduces these stemness features and increases 
chemotherapy sensitivity [234]. SIPA1 expression in invasive breast ductal 
carcinoma and MDA-MB-231 xenografts was linked to increased macro-
phage infiltration. EVs from MDA-MB-231 cells (231-EVs) boosted macro-
phage migration compared to those from SIPA1-knockdown cells (231/ 
si-EVs). SIPA1 upregulated MYH9, increasing myosin-9 in cells and EVs. 
Blocking myosin-9, either by SIPA1 knockdown or blebbistatin, reduced 
macrophage infiltration. High SIPA1 and MYH9 levels were associated with 
worse relapse-free survival. SIPA1 thus enhances macrophage infiltration 
through myosin-9-enriched EVs, potentially worsening breast cancer [231]. 

Genetic mapping identified SIPA1 as a potential modifier of Mtes1, a 
metastasis suppressor gene located on mouse chromosome 19 and related to 
the human BRMS1 gene. In mice, SIPA1 is linked to Mtes1. Kidney cancer 
cells with the SIPA1 variant carrying alanine (SIPA1/741A) at position 741 
exhibited greater metastatic potential compared to those with threonine 
(SIPA1/741T) at the same position. This increased metastasis is associated 
with higher Rap1GAP activation in SIPA1/741A cells [235]. In renal col-
lecting ducts, SIPA1 binds directly to aquaporin-2 (AQP2) and regulates its 
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transport to the apical membrane. AQP2, which interacts with PDZ domain-
containing proteins, associates with SIPA1 via its PDZ domain. SIPA1, by 
modulating the Rap1 signaling pathway, influences AQP2 trafficking through 
direct and indirect mechanisms [236]. 

SPA-1 expression positively correlates with disease progression and 
metastasis in prostate cancer (CaP) patients. LNCaP cells, which seldom 
metastasize, had low SPA-1 levels, while highly metastatic PC3 cells had high 
SPA-1 levels. Introducing SIPA1 into LNCaP cells increased metastasis without 
affecting primary tumor size, while SIPA1 knockdown or active Rap1 expres-
sion in PC3 cells reduced metastasis. SPA-1 also impaired ECM adhesion and 
decreased nuclear Brd4 levels, indicating that SPA-1 regulates metastasis by 
modifying ECM interactions [237]. 

SIPA1 significantly impacts lung adenocarcinoma by regulating HGF-
mediated tight junctions (TJs) and enhancing tumor aggressiveness. Elevated 
SIPA1 expression in lung tumors correlates with advanced disease stages and 
poorer outcomes. Reducing SIPA1 levels in A549 cells led to decreased inva-
sion, proliferation, and improved barrier function, along with changes in TJ 
component expression [238]. Rap1-GTPase is crucial for lymphocyte traf-
ficking. Loss of Rasa3 and Sipa1 in T cells led to uncontrolled Rap1 acti-
vation, causing the cells to become trapped in the lungs. While these mutant 
T cells migrated normally within lymph nodes and showed heightened res-
ponses to chemokines, they had impaired exit from lymph nodes. This high-
lights the essential role of Rap1 inactivation for proper lymphocyte traf-
ficking [239]. Analysis of human lung tumor samples and in vitro assays 
revealed that higher SIPA1 expression correlates with poorer prognosis. 
Knockdown of SIPA1 in lung cancer cells reduced invasiveness, prolifera-
tion, and TJ barrier function. SIPA1 knockdown also led to decreased MET 
protein levels and impaired MET internalization and recycling. SIPA1’s role 
in regulating HGF/MET signaling and TJs highlights its potential as a 
diagnostic and prognostic biomarker, as well as a therapeutic target for non-
small cell lung cancer (NSCLC) with aberrant MET expression and drug 
resistance [240]. 

SIPA1 positivity was associated with poorer tumor differentiation, in-
creased lymph node metastases, and higher microvessel density, while nega-
tively correlating with VEGF-A levels, indicating that low SIPA1 expression 
may drive gastric cancer progression by enhancing VEGF-A and vascular 
density [241]. 

In colorectal cancer, SIPA1 was significantly upregulated in tumor tissues 
compared to normal tissues. Lower SIPA1 expression was linked to poorly 
differentiated tumors and lymphatic metastasis. Knockdown of SIPA1 redu-
ced cell growth but increased invasion and migration. Lower SIPA1 levels 
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were found in more advanced stages and poorly differentiated tumors, but no 
clear link to tumor size or TNM staging was observed. Higher SIPA1 expres-
sion was associated with shorter survival, though it did not significantly 
impact recurrence or metastasis outcomes [242]. Analysis of The Cancer 
Genome Atlas (TCGA) data showed that SIPA1 mRNA is elevated in colo-
rectal cancer (CRC) and correlates with epithelial-mesenchymal transition 
(EMT) and STAT3 signaling. SIPA1 knockdown reduced CRC cell prolife-
ration and migration, while SIPA1 activation increased STAT3 signaling and 
its nuclear translocation. Co-treatment with a STAT3 inhibitor confirmed that 
SIPA1 regulates EMT through STAT3 [243]. In colorectal cancer, AF6 regu-
lates the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR), 
while SIPA1, a kinase involved in tight junctions and the cell cycle, also 
affects tight junctions. Both proteins showed abnormal expression in tumors 
compared to normal tissues and were significantly correlated. High levels of 
AF6 and SIPA1 were linked to poorer overall and relapse-free survival. Their 
combined expression pattern enhanced survival predictions and was an 
independent prognostic factor for overall survival, though it was less signi-
ficant for disease-free survival [244]. 

SIPA1 is significantly upregulated in oral squamous cell carcinoma (OSCC) 
and correlates with lymph node metastasis. Knockdown of SIPA1 reduces 
cell invasiveness and migration while maintaining high adhesion levels. It 
also increases ITGB1 expression and decreases MMP7 expression. These 
findings suggest that SIPA1 promotes OSCC metastasis by regulating ITGB1 
and MMP7 [245]. 

To investigate the role of SIPA-1 in regulating bladder cancer invasion 
and metastasis, BIU-87 and T24 cells were transfected with the SIPA-1 gene 
or shRNA. The results showed that increased SIPA-1 levels reduced E-cad-
herin and ZO-1 expression, promoting cell motility and invasion in vitro and 
leading to more tumors in vivo. Conversely, SIPA-1 knockdown had the 
opposite effect. These findings suggest that SIPA-1 promotes bladder cancer 
metastasis by downregulating E-cadherin and ZO-1 [246]. 

Analysis of 32 melanoma cell lines identified two subgroups with distinct 
growth aggressiveness in mice. Genomic alterations, rather than gene expres-
sion profiles, distinguished these subgroups. The Rap1GAP SIPA1 was found 
to be deregulated in more aggressive melanoma models, and its knockdown 
influenced critical cancer characteristics. These results indicate that changes 
in gene dosage, including SIPA1, contribute to melanoma aggressiveness 
[247]. 

SIPA1 levels were higher in glioma tissues compared to normal tissues. 
In A172 cells, SIPA1 knockdown reduced migration and proliferation, in-
creased apoptosis, and decreased the S phase cell ratio. SIPA1 knockdown 
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also downregulated cell cycle proteins. Conversely, SIPA1 overexpression 
elevated phosphorylated FAK levels, enhancing malignant traits in glioma 
cells [248]. 

1.6.4. The SRSF1 gene 
1.6.4.1. The role of the SRSF1 gene 
Alternative splicing plays a crucial role in gene expression regulation, 

contributing to the proteomic diversity in higher eukaryotes. This process is 
primarily controlled by the binding of protein factors to enhancers and 
silencers on the pre-mRNA [249–252].  

SR proteins are a well-known family of splicing factors involved in both 
constitutive and alternative splicing [253]. SR proteins possess a modular 
structure comprising one or two N-terminal RNA recognition motifs (RRMs) 
that determine their RNA-binding specificity, along with a C-terminal 
domain [254]. The role of SR proteins in alternative splicing is influenced by 
the location of their binding sites; they generally enhance splicing when 
attached to exons and suppress splicing when bound to introns [255, 256]. 
The research has highlighted the involvement of SR proteins and their natural 
antagonists, hnRNP proteins, in the disruption of alternative splicing during 
cancer progression [257]. 

SRSF1, or serine and arginine rich splicing factor 1, emerges as a funda-
mental proto-oncogene with pervasive elevation in cancer. SRSF1 has been 
found to have multiple functions beyond splicing, such as influencing mRNA 
transcription, stability, nuclear export, nonsense-mediated decay (NMD), 
translation, and protein sumoylation. Furthermore, it was the first member of 
the SR protein family identified as a proto-oncogene, emphasizing the signi-
ficant role of alternative splicing in cancer development [258–260]. Among 
the SR protein family, was the first member identified and is regarded as the 
prototype of the group. Initially recognized as a splicing factor, SRSF1 has 
since been shown to play a crucial role in virtually all stages of the mRNA 
lifecycle, including transcription, nonsense-mediated decay (NMD), mRNA 
export, and translation [261, 262]. SRSF1 levels are modulated during 
EMT/MET through alternative splicing linked to the nonsense-mediated 
mRNA decay (AS-NMD) pathway, a process regulated by the splicing factor 
Sam68 [263].  

A cellular defense mechanism has been described to counteract the 
oncogenic effects of increased SRSF1 expression. This mechanism involves 
SRSF1 stabilizing the tumor suppressor protein p53 by preventing its degra-
dation through the MDM2 proteasome pathway, which in turn leads to onco-
gene-induced senescence [264]. SRSF1 can serve as mRNA export adaptors 
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by interacting with the cellular export factor TAP [265]. SRSF1 enhances 
translation by facilitating the initiation of bound mRNAs through the suppres-
sion of 4E-BP, which inhibits cap-dependent translation. This effect is 
achieved through SRSF1’s interactions with elements of the mTOR signaling 
pathway [266]. SRSF1 functions as an adaptor protein that recruits signaling 
molecules involved in the regulation of cap-dependent translation for specific 
mRNAs [267]. 

Several properties of SR proteins suggest that they act as adaptors for 
NXF1-dependent mRNA export and potentially couple the completion of 
splicing to mRNA export. SRSF1, bind directly to NXF1 only in their hypo-
phosphorylated state, implying that binding occurs after splicing is comple-
ted. Although SRSF1 interacts directly with NXF1 in vitro, the sensitivity to 
RNase suggests that RNA binding may be crucial for stabilizing the complex 
in vivo [268–270]. NXF1–SRSF1 interactions persisted well beyond the 
degradation of rRNAs and the loss of the nuclear polyA-binding protein 
PABPN1 from mRNPs. This suggests that the binding of NXF1 to SRSF1, and 
likely other SR proteins, is stabilized through their association with mRNA 
[261]. SRSF1 binds to mRNAs of pro-inflammatory cytokines (Cxcl1, Tnf, 
and Cxcl2), sequestering them in the nucleus and creating a reserve of 
transcripts that can be quickly mobilized in response to external stimuli and 
signaling cascades [271]. 

It was identified that approximately 1500 mRNAs are translational targets 
of SRSF1, including those involved in cell cycle regulation and mitotic 
progression. The study highlights that SRSF1 is essential for normal mitotic 
progression and couples pre-mRNA splicing with translation, revealing its 
complex role in gene expression regulation and its implications for cancer 
[267]. 

SRSF1 is regulated by various posttranslational modifications that affect 
its localization and function. These include phosphorylation of Ser residues 
in the RS domain by Clk/Sty and SRPK kinases, as well as topoisomerase 1, 
and dephosphorylation by phosphatases PP1 and PP2A [272–275]. SRSF1 
autoregulates its expression through several mechanisms. It modulates its 
own splicing to promote production of PTC-containing isoforms targeted for 
NMD, reduces translation efficiency by shifting its mRNA from polysomes 
to monosomes, and is silenced by miR7, creating a negative-feedback loop 
[276, 277]. 

Another role of SRSF1 involves its stage-specific association with chro-
matin during the cell cycle and its contribution to maintaining genomic sta-
bility [278]. The diverse functions of SRSF1 and other SR proteins highlight 
splicing as a key regulator of gene expression and cellular homeostasis [262]. 
A significant and unexpected role of SRSF1, especially its splice variant 
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SRSF1-3, is its crucial involvement in facilitating the activation-induced 
cytidine deaminase (AID) to act specifically on its natural substrate during 
somatic hypermutation (SHM) of immunoglobulin genes [279, 280]. 

1.6.4.2. Implications of SRSF1 in cancers 
SRSF1 resides on Chromosome 17q23, a locus that is amplified in some 

tumors, accounting for some instances of SRSF1 overexpression. Despite the 
regulatory mechanisms designed to keep SRSF1 levels in check, it is fre-
quently overexpressed in various cancer types. Overexpression of SRSF1 in 
immortalized rodent fibroblasts or human mammary epithelial cells results in 
oncogenic transformation, characterized by enhanced cell proliferation and 
resistance to apoptosis [258, 259, 281]. SRSF1 facilitates Drosha cleavage of 
pri-miR-29b, which regulates helper T cell differentiation and represses target 
genes like IFN-γ. Downregulation of miR-29b in tumor-associated dendritic 
cells impairs immune response and supports a tumor-friendly environment, 
highlighting SRSF1’s role in immune regulation and tumorigenesis [282, 
283]. 

SRSF1 regulates miR-10b, linked to cancer metastasis and autoimmune 
disease. In cancer cells, miR-10b overexpression reduces MICB, a ligand for 
the NK cell receptor NKG2D, aiding tumor immune escape and enhancing 
metastasis [284]. 

The oncogene MYC, often overexpressed in cancers, is positively corre-
lated with SRSF1 expression in lung and breast tumors and is responsible for 
driving SRSF1 overexpression in at least some lung tumors [285, 286]. Over-
expression of SRSF1 in lung adenocarcinoma cells leads to a more aggressive 
phenotype and induces resistance to anticancer drugs such as carboplatin and 
paclitaxel. It was found that SRSF1 overexpression correlates with advanced 
stages (III/IV) and metastases (M+) in non-small cell lung cancer (NSCLC), 
especially in adenocarcinoma (ADC) [287]. An in vitro study showed that 
alternative splicing of Caspase 9, influenced by SRSF1, increases resistance 
to cisplatin, daunorubicin, and paclitaxel in NSCLC. SRSF1 interacts with 
the C9-I6/ISE enhancer element, leading to overexpression of the resistant 
Caspase 9b isoform, suggesting it mediates chemoresistance in lung cancer 
[288]. SRSF1 regulates aberrant alternative splicing of the BIN1 (Bridging 
Integrator 1) protein in NSCLC, particularly by promoting the BIN1+12a 
isoform through exon 12a inclusion. This isoform inhibits NSCLC cell 
apoptosis and invasion, contributing to neoplasia-free progression and 
immune escape [289]. SRSF1 regulates the translation and stability of DNA 
ligase 1 (LIG1) through mTOR activation. LIG1, a DNA repair gene, was 
identified as a marker of poor prognosis in NSCLC, correlating with shorter 
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disease-free survival (DFS) and overall survival (OS). Additionally, LIG1 
was found to be an independent prognostic factor for NSCLC [290]. In a 
whole-transcriptome analysis of lung cancer (LC) and adjacent normal tissue, 
SRSF1 was found to regulate alternative splicing of HIF (Hypoxia-inducible 
factors), shifting from HIF-1αL to HIF-1αS. In vitro studies showed that the 
HIF-1αS isoform has higher metastatic potential in LC cells. The findings 
suggest that SRSF1 may enhance metastatic activities in LC [291]. 

A study combining in vitro, in vivo xenograft models, and clinical research 
identified several connections between SRSF1 and colon cancer. Researchers 
analyzed the ratio of DBF4B FL/S mRNA in 60 paired colorectal cancer and 
adjacent non-cancerous tissues. They discovered elevated levels of both 
SRSF1 and DBF4B-FL in cancerous tissues. This overexpression was asso-
ciated with higher tumor grade and poorer survival outcomes, with SRSF1 
and DBF4B-FL identified as independent prognostic markers for colon cancer 
[292]. A bioinformatics analysis of colorectal cancer identified SRSF1 as 
linked to genes important for cancer progression, such as those involved in 
the cell cycle, spliceosome activity, ubiquitin-mediated proteolysis, nucleoti-
de excision repair, the p53 pathway, DNA replication, and RNA degradation. 
The study highlighted that SRSF1 is overexpressed in cancerous tissues 
compared to normal tissues, and from 2678 SRSF1-related genes, 468 were 
found to overlap with 3625 genes associated with colorectal cancer [293]. 
SRSF1 was confirmed as an independent prognostic factor in colorectal cancer, 
comparable to TNM classification. The research also linked SRSF1 to alter-
native splicing events involving MAPK and Mnk2, a key protein in the 
MAPK pathway that influences tumor growth and proliferation [294]. 

SRSF1 regulates miR-7 through a feedback loop where it binds pri-miR-7 
to enhance Drosha cleavage, leading to miR-7-mediated repression of SRSF1 
translation. Inhibition of miR-7 impairs CTL-mediated lysis of breast cancer 
cells [295]. SRSF1 directly influences oncogenic pathways; a 2021 study 
demonstrated its role in breast cancer by facilitating the alternative splicing 
that leads to overexpression of PTPMT1, which is linked to tumorigenesis via 
the P-AKT/C-MYC pathway [296]. SRSF1 functions beyond alternative 
splicing, significantly impacting IRES-mediated translation. In ER-negative 
breast cancer cells, SRSF1 stays in the nucleus under normal conditions, 
influencing splicing and translation regulation, but translocates to the cyto-
plasm under stress, where it acts as an ITAF, enhancing translation of MYC 
and other mRNAs. Conversely, in ER-positive breast cancer cells, SRSF1's 
role varies with the cell cycle: it modulates translation and splicing in G0/G1 
phases and, during mitosis, translocates to the cytoplasm to regulate transla-
tion and mitotic processes [297]. SRSF1 plays a critical clinical role in breast 
cancer metastasis by promoting the alternative splicing of oncogenes like  
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The study highlighted that SRSF1 is overexpressed in cancerous tissues 
compared to normal tissues, and from 2678 SRSF1-related genes, 468 were 
found to overlap with 3625 genes associated with colorectal cancer [293]. 
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MAPK pathway that influences tumor growth and proliferation [294]. 
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to enhance Drosha cleavage, leading to miR-7-mediated repression of SRSF1 
translation. Inhibition of miR-7 impairs CTL-mediated lysis of breast cancer 
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demonstrated its role in breast cancer by facilitating the alternative splicing 
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the P-AKT/C-MYC pathway [296]. SRSF1 functions beyond alternative 
splicing, significantly impacting IRES-mediated translation. In ER-negative 
breast cancer cells, SRSF1 stays in the nucleus under normal conditions, 
influencing splicing and translation regulation, but translocates to the cyto-
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cancer metastasis by promoting the alternative splicing of oncogenes like  

 41 

C-MYC and DCUN1D5. Specifically, SRSF1 stimulates the inclusion of 
exon 4 in DCUN1D5, which stabilizes the protein and contributes to meta-
static progression. Comparative analysis of DCUN1D5 expression in meta-
static vs. non-metastatic breast cancer, along with 5-year survival rates, 
revealed that high levels of DCUN1D5-exon-4, regulated by SRSF1, are 
associated with advanced metastatic stages and poorer prognosis [298]. 

In a study with cell cultures and xenografts, lower HSD17B2 levels in 
prostate cancer (PCa) tissues indicated its role in inhibiting PCa progression. 
High HSD17B2 reduced dihydrotestosterone (DHT) production, while knocking 
it down increased DHT synthesis. Higher SRSF1 levels were observed in PCa 
cells with lower HSD17B2, alongside shorter HSD17B2 isoforms that degra-
de the functional one. This suggests SRSF1 supports PCa progression by re-
gulating HSD17B2 splicing [299]. It was found that in castration-resistant 
prostate cancer (mCRPC) patients, loss of genes on 17q22, including SRSF1 
and RNF43, was linked to Enzalutamide resistance and poor overall survival. 
Analysis revealed that this gene loss enhances the activity of key tumorige-
nesis-related proteins like PLK1 and AKT1 [300]. A study using TMA blocks 
from 368 prostate cancer (PCa) and benign prostate hyperplasia (BPH) 
patients revealed that SRSF1 and microvascular density (MVD) were higher 
in PCa cases and correlated with poorer outcomes. Immunohistochemistry 
showed SRSF1+ patients had worse biochemical recurrence rates at 5 and 
9 years compared to SRSF1− patients, and similar results were seen for 
MVD+ patients. Among PCa patients with diabetes, SRSF1+ was associated 
with higher Ki-67 and MVD. SRSF1 expression was linked to MVD, Ki-67, 
androgen receptor, insulin receptors, IGF1-R, and PSMA, highlighting its 
role in PCa progression and recurrence [301]. Studies have shown increased 
VEGF expression in prostate cancer (PCa) cells. In 2016, research high-
lighted elevated levels of SRSF1 and SRPK1 (Serine Arginine Protein Ki-
nase-1) in malignant PCa cells. It was also found that SRPK1 influences 
VEGF splicing to produce the more angiogenic VEGF165b isoform, acce-
lerating cancer growth. SRSF1, a key regulator of VEGF splicing, is itself 
regulated by SRPK1-mediated phosphorylation [302,303]. 

Recent research on glioblastoma multiforme (GBM) has highlighted the 
role of circSMARCA5, a circular RNA abundant in the brain, in interacting 
with the splicing factor SRSF1. Studies found that circSMARCA5 is down-
regulated in GBM compared to adjacent healthy tissues, correlating with 
increased malignancy and decreased cell migration. This downregulation 
leads to elevated SRSF1 and VEGF levels, which enhance angiogenesis and 
cancer progression. Clinical data show that higher SRSF1, VEGF, and micro-
vascular density (MVD) are associated with poorer overall survival (OS) and 
progression-free survival (PFS). The “GAUGAA” motif in circSMARCA5, 
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responsible for binding SRSF1, plays a critical role in GBM’s angiogenic and 
migratory traits, presenting potential targets for new therapies [304–306]. 
SRSF1 expression was linked to glioma grading and subtypes. It was highly 
sensitive for diagnosing GBM and WHO grade 3 astrocytoma but less speci-
fic. Pilocytic astrocytomas lacked SRSF1. High SRSF1 levels correlated with 
worse prognosis and promoted glioma cell growth and invasion. SRSF1 could 
be a prognostic marker and contribute to glioma progression [307]. 

SRSF1 is upregulated in osteosarcoma (OS), where its knockdown redu-
ces cell growth and promotes apoptosis, while overexpression enhances growth 
and migration. SRSF1 disrupts protein targeting, extracellular matrix proces-
ses, and key pathways such as PI3K-AKT, Wnt, and HIPPO. It also influences 
alternative splicing, impacting mRNA processing, including the splicing of 
genes like SRRM2, DMKN, and SCAT1 [308]. 

1.6.4.3. Understanding SRSF1 in cervical cancer 
Research highlights the oncogenic role of SRSF1, with recent studies 

linking it to cervical cancer. Elevated SRSF1 levels were found in cervical 
cancer cells, and activation of the SRSF1 gene promoter by the high-risk 
HPV16 E2 protein was observed, affecting SRSF1 levels in both the nucleus 
and cytoplasm. Alterations in SRSF1 hinder alternative splicing and drive 
genomic instability, promoting cervical cancer progression. Elevated levels 
of SRSF1 in the cytoplasm are associated with the early stages of tumor 
development [309]. 

SRSF1 interacts with long non-coding RNAs to regulate keratin 17 
expression through alternative splicing, with elevated keratin 17 levels 
observed in cervical cancer cells [310]. In cervical cancer, alternative splicing 
events are prevalent and closely linked to both diagnosis and prognosis, with 
key splicing factors driving malignancy by increasing the production of HPV 
mRNAs and oncoproteins that facilitate cancer progression [311]. 

Cervical cancer cells exhibit elevated levels of hnRNPs, with hnRNPA1 
being notably overexpressed. This protein disrupts cancer-related genes and 
induces alternative splicing of pyruvate kinase mRNA, promoting aerobic 
glycolysis and unchecked cell proliferation. Conversely, hnRNPA1 downre-
gulation triggers cancer-specific apoptosis, making it a valuable biomarker 
for diagnosing cervical cancer [312]. Investigating hnRNPA1’s role in alter-
native splicing in cervical cancer is vital due to its significant impact. During 
HPV infection and cervical epithelial cell differentiation, hnRNPA1 levels 
increase, facilitating oncoviral protein production. Furthermore, harmful 
mutations in hnRNPA1 can disrupt its normal function, leading to altered 
splicing, mRNA processing, and translation [314]. 
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Analysis of two microarray datasets (GSE6791 and GSE63514) revealed 
that MIR155HG was significantly upregulated in cervical cancer compared 
to adjacent normal tissues. Knockdown of MIR155HG in SiHa and HeLa 
cells reduced proliferation, induced apoptosis, and decreased invasion. In 
vivo, MIR155HG knockdown also significantly inhibited tumor growth in 
xenografts. SRSF1 was identified as a binding partner of MIR155HG. These 
findings suggest that MIR155HG promotes cervical cancer progression through 
its interaction with SRSF1, highlighting its potential as a novel therapeutic 
target [315]. 

Radiotherapy is essential for managing advanced cervical cancer, though 
radioresistance can compromise its efficacy. In cervical cancer, a specific 
splice variant of nucleophosmin (NPM), produced through alternative spli-
cing, is linked to radioresistance. NPM plays roles in mRNA processing, 
genome stability, and apoptosis, with the NPM2 variant enhancing radiopro-
tection. Reducing NPM2 levels has been demonstrated to lower radiore-
sistance in cervical cancer cells, with effects varying by dose [316]. 

Changes in splicing regulators, including mutations and reduced activity, 
can cause abnormal alternative splicing, which may drive tumor development 
and contribute to resistance to treatment. Nonetheless, alternative splicing 
biomarkers are being explored as promising targets for new therapeutic 
strategies [317]. 

Data from the Cancer Genome Atlas (TCGA) project suggest the expres-
sion level of SRSF1 is a prognostic factor in cervical cancer survival analysis 
(https://www.proteinatlas.org/ENSG00000136450-SRSF1/pathology/cervical+ 
cancer). 

1.7. Long non-coding RNAs 
1.7.1. Long non-coding RNAs: biogenesis and gene regulation 
Human physiological complexity cannot be fully explained by the 

limited number of protein-coding genes. Instead, a significant portion of the 
genome (70%–90%) transcribes non-coding RNAs (ncRNAs), which do not 
produce proteins but generate functional RNA molecules [318–321]. Long 
non-coding RNAs (lncRNAs), a subset of ncRNAs, are usually more than 
200 nucleotides long and transcribed by RNA polymerase II. LncRNAs can 
fold into diverse secondary structures that enable interactions with DNA, 
RNA, and proteins. LncRNAs are versatile molecules that play roles in a wide 
range of biological processes. They are involved in almost every step of gene 
regulation, from transcription to translation, and their dysfunction can 
contribute to various diseases. LncRNAs are essential regulators of gene 
expression through various mechanisms, including chromatin remodeling, 
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mRNA modulation, and direct DNA interactions. They play critical roles in 
transcriptional and post-transcriptional regulation within cells. At the trans-
criptional level, lncRNAs can regulate gene expression through mechanisms 
such as epigenetic silencing and chromatin remodeling. Research highlights 
lncRNAs as key regulators of gene expression and cell differentiation, often 
interacting with chromatin-modifying proteins like PRC2. Many lncRNAs 
recruit chromatin-modifying proteins to specific genomic sites, thereby 
influencing gene expression by regulating chromatin states. For instance, 
ANRIL, an antisense lncRNA, interacts with the polycomb repressive complex 1 
(PRC1) to silence the INK4b/ARF/INK4a locus, which encodes important 
tumor suppressor genes. Dysregulation of ANRIL can lead to cancer by 
disrupting this silencing mechanism. Another example is HOTAIR, which 
remodels the chromatin landscape, particularly in cancer, by interacting with 
PRC2 and LSD1 complexes to repress metastasis-suppressor genes, facili-
tating cancer progression [322–329].  

An essential feature of lncRNAs is their potential to form hybrid struc-
tures with DNA, influencing chromatin accessibility. These interactions can 
manifest as triple helices (triplexes) or R-loops. Despite detection challenges 
in vivo, these structures are likely widespread and crucial for many lncRNAs’ 
regulatory functions. RNA–DNA–DNA triplexes illustrate non-coding RNA–
DNA interplay in gene regulation. The ability to form triplexes depends on 
the RNA sequence [330–332]. TrIP-seq (targeted RNA immunoprecipitation 
sequencing) has been developed to study these sequences in vivo [333]. For 
instance, the lncRNA KHPS1 forms a triplex upstream of the SPHK1 enhan-
cer, recruiting chromatin modifiers that activate SPHK1 expression. Swapping 
KHPS1’s triplex-forming region with that of MEG3 switches its specificity 
to the MEG3 target gene [332, 334]. R-loops, once considered threats to geno-
me stability, are now seen as crucial regulatory hubs. They play roles in gene 
expression regulation and DNA repair [335–337]. In mouse embryonic stem 
cells (mESCs), the lncRNA TARID forms an R-loop at the CpG-rich promo-
ter of TCF21. This R-loop is recognized by GADD45A, which recruits TET1, 
leading to TCF21 activation [338]. R-loops can also act in trans; for example, 
the lncRNA APOLO forms R-loops in Arabidopsis thaliana to regulate auxin-
responsive genes [339]. Endogenous ncRNAs are involved in DNA repair 
mechanisms like HDR and NHEJ in yeast and mammalian cells [340–343]. 
Transcription of lncRNAs recruits DNA repair proteins, although whether Pol 
II alone or the nascent lncRNA is responsible remains unclear [343, 344]. 
Damage-induced long non-coding RNAs (dilncRNAs) are generated at DNA 
double-strand breaks, processed into small DNA damage response RNAs 
(DDRNAs) by endoribonucleases Drosha and Dicer, and help recruit repair 
proteins [344]. 
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Transcription of lncRNAs recruits DNA repair proteins, although whether Pol 
II alone or the nascent lncRNA is responsible remains unclear [343, 344]. 
Damage-induced long non-coding RNAs (dilncRNAs) are generated at DNA 
double-strand breaks, processed into small DNA damage response RNAs 
(DDRNAs) by endoribonucleases Drosha and Dicer, and help recruit repair 
proteins [344]. 
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Several lncRNAs are activated during genotoxic stress to regulate DNA 
repair pathways, either p53-dependently or independently [345–347]. For 
example, NORAD decoys Pumilio proteins, affecting DNA replication and 
repair factors, and aids in maintaining genomic stability through topoisome-
rase 1 [348–350]. CONCR, expressed in an MYC-dependent manner, recruits 
DDX11 to replication forks, enhancing replication and sister chromatid cohe-
sion [351]. These findings underscore the important roles of lncRNAs in 
genome integrity and their potential as therapeutic targets. 

The positioning of lncRNAs relative to their neighboring genes is crucial 
for their regulatory interactions. The evolutionarily conserved nature of anti-
sense and bidirectional lncRNA transcription indicates an adaptive mecha-
nism for context-specific gene regulation. The genomic configuration of 
divergent lncRNAs is essential for cis gene regulation, either by the lncRNA 
transcript influencing nearby loci or through its transcription or splicing 
process affecting the chromatin state or creating steric hindrance [352–354]. 

A primary mechanism for lncRNA-mediated gene repression involves 
gene-dosage compensation, exemplified by the lncRNA XIST, responsible 
for X chromosome inactivation in female mammals. During embryonic deve-
lopment, XIST spreads over one X chromosome, silencing many genes [355, 
356]. XIST can silence extensive chromosomal regions, even when expressed 
from a different chromosome, through interactions with various proteins 
[357–360]. XIST’s ability to exploit 3D chromatin organization allows it to 
spread across the X chromosome and modify chromatin structure, playing a 
role in epigenetic memory maintenance even in its absence [361–363]. 

At other loci, cis-acting lncRNAs promote inactive chromatin states by 
interacting with nearby chromatin. For instance, the lncRNA ANRASSF1 
forms an R-loop that directs PRCs to their targets [364–366]. In Arabidopsis 
thaliana, the lncRNA COOLAIR, induced by cold, remains at its transcription 
site to promote PRC2-dependent H3K27me3 at the FLOWERING locus 
[367, 368]. 

lncRNAs can also suppress gene expression by interfering with the trans-
cription machinery, affecting transcription factor or Pol II recruitment, altering 
histone modifications, and reducing chromatin accessibility. The mouse im-
printed Airn lncRNA, for instance, displaces Pol II from the overlapping Igf2r 
promoter during mESC differentiation, causing transcription pausing and gene 
silencing. Another example is the lncRNA CHASERR, which, located upstream 
of the CHD2 gene, regulates CHD2 levels by creating a feedback loop where 
CHD2 binds nascent RNAs, including CHASERR, promoting their expres-
sion and controlling chromatin accessibility at multiple promoters [369–373]. 

Active enhancers transcribe two main types of non-coding RNAs: eRNAs 
and enhancer-associated lncRNAs (elncRNAs). eRNAs are short, bidirec-
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tional, unspliced, non-polyadenylated, and unstable, while elncRNAs are 
unidirectional, polyadenylated, and spliced. Although the correlation between 
enhancer activity and eRNA expression is established, the functionality of 
eRNA transcripts remains debated. Some eRNAs facilitate chromatin looping 
by interacting with scaffold proteins like Mediator or cohesin, creating regu-
latory contacts between enhancers and promoters [374–377]. 

Enhancer loci also produce elncRNAs, which correlate with enhancer 
activity. elncRNA splicing is associated with enhancer activity and the abun-
dance of neighboring genes [378–380]. elncRNAs modulate chromatin struc-
ture with chromatin-regulating proteins [381]. Gene-activating mechanisms 
of eRNAs also apply to elncRNAs. 

Gene activation by elncRNAs can result in disease-related phenotypes 
[382, 383]. For example, SWINGN, promotes interactions with chromatin 
remodeling complexes, contributing to its pro-oncogenic role [384]. Simi-
larly, lncRNAs like ELEANORs promote genomic domain formation [385]. 

lncRNAs can also activate genes independently of their transcripts. 
Functional DNA elements within lncRNA loci can activate neighboring genes. 
For instance, Bendr regulates BEND4 in cis through enhancer elements. 
Other lncRNAs have similar enhancer activation roles [386–389]. The func-
tions of lncRNA transcripts and their loci can be uncoupled, promoting oppo-
site outcomes. For instance, the locus of HOXA upstream non-coding trans-
cript (Haunt) contains enhancers activating HOXA genes, while the Haunt 
transcript inhibits HOXA expression [390]. 

Post-transcriptionally, lncRNAs influence splicing, RNA decay, and 
stability. lncRNAs control gene expression through interactions with proteins 
and nucleic acids. Some even translate into functional peptides, but primarily, 
they form lncRNA-protein complexes (lncRNPs) to regulate mRNA splicing, 
turnover, and signaling pathways [391]. Abundant lncRNAs like sno-lncRNAs 
and SPAs in the PWS region contain motifs that sequester splicing factors 
such as RBFOX2, TDP43, and PTBP1, thus suppressing the splicing of pre-
mRNAs with the same motifs [392–394]. They also modulate splicing through 
post-translational modifications of splicing factors and chromatin remodeling 
[395]. In the cytosol, NORAD, expressed following DNA damage, maintains 
genomic stability by sequestering Pumilio proteins, which otherwise bind 
mRNA 3′ UTR motifs to promote decay. Each NORAD molecule can sequester 
multiple Pumilio proteins, thus protecting target mRNAs involved in genomic 
stability [350, 396]. 

lncRNAs can also form structures interacting with proteins in key signaling 
pathways. For example, FAST, essential for hESC pluripotency, interacts with 
β-TrCP to prevent β-catenin degradation, enabling its nuclear translocation 
and activation of WNT-dependent genes. Similarly, NKILA binds to p65 and 
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IκB to modulate NF-κB activity and T cell activation-induced cell death [397, 
398]. Some lncRNAs pair with other RNAs to recruit proteins for mRNA 
degradation. For instance, lncRNAs with Alu elements promote Staufen-
mediated mRNA decay by recruiting STAU1 to mRNAs with complementary 
sequences. Conversely, TINCR pairs with differentiation mRNAs and recruits 
STAU1 to stabilize them during epidermal differentiation [399–401]. Addi-
tionally, AS-Uchl1, a nuclear lncRNA, shuttles to the cytoplasm under stress, 
where it enhances Uchl1 mRNA translation by base pairing with its 5′ end 
[402]. 

Abundant lncRNAs with miRNA-complementary sites can act as com-
petitive endogenous RNAs or “sponges”, reducing miRNA availability and 
thus regulating gene expression [403]. The stoichiometric relationship between 
these lncRNAs and miRNAs is crucial for affecting target mRNA expression 
[404, 405]. In tumors, the lncRNA-PNUTS, generated by alternative splicing 
and mediated by hnRNPE1, contains seven binding sites for miR-205. This 
sponging of miR-205 by lncRNA-PNUTS upregulates ZEB1 and ZEB2, pro-
moting epithelial-mesenchymal transition and breast cancer cell migration 
and invasion [398]. 

Many lncRNAs localize to specific organelles like exosomes and mito-
chondria. Exosome-localized lncRNAs, which can be secreted into recipient 
cells, are involved in epigenetic regulation, cell-type reprogramming, and 
genomic instability [406]. Mitochondria-localized lncRNAs, encoded by both 
nuclear and mitochondrial DNA, often associate with mitochondrial meta-
bolism and apoptosis [407]. For example, the nuclear-encoded SAMMSON 
lncRNA regulates mitochondrial homeostasis and polypeptide expression 
[408].  

lncRNAs are crucial post-transcriptional regulators, and future studies 
should focus on the molecular basis of lncRNA-protein interactions and 
commonalities among different lncRNPs. The main lncRNA mechanisms of 
action are illustrated in Figures 4–6 [409]. 
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Figure 4. Long non-coding RNAs (lncRNAs) modulate chromatin  

through various mechanisms. 
(a) lncRNAs bind chromatin-modifying complexes and target them to specific DNA loci, 
influencing gene expression; (b) They can also modify chromatin during transcription by 
interacting with RNA polymerase II; (c) lncRNA transcription may lead to chromatin remo-
deling that affects the binding of regulatory factors and gene expression; (d) lncRNAs can 
directly bind RNA polymerase II, inhibiting transcription; (e) They may form lncRNA-DNA 
triplex structures that block pre-initiation complex assembly; (f) lncRNAs can mimic DNA-
binding sites, impacting specific transcription factors; (g) They can also regulate gene expres-
sion by binding transport factors, affecting the nuclear localization of transcription factors 
[409]. 
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Figure 5. lncRNAs affect mRNA processing and  

post-transcriptional regulation. 
(a, b) Long non-coding RNAs (lncRNAs) influence mRNA processing. lncRNAs can affect 
splicing patterns by binding to pre-mRNA (part a), such as preventing splicing of neurobla-
stoma MYC mRNA’s first intron. They can also guide mRNA editing through interactions 
with ADAR enzymes (part b); (c–f) lncRNAs affect post-transcriptional regulation. They can 
enhance translation by binding to the 5′ region of mRNA (part c) or induce decay through 
interactions with Alu elements in the 3′ UTR (part d). lncRNAs can block miRNA silencing 
by masking miRNA-binding sites (part e) or act as miRNA decoys (part f) [409]. 
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Figure 6. lncRNAs play roles in diverse cellular processes. 

(a) Small nucleolar lncRNAs (sno-lncRNAs) from the 15q11-q13 locus can inhibit FOX2-
mediated splicing by modulating FOX2 activity; (b) The structured rnc-s1 lncRNA binds 
Dicer to block small RNA processing. (c) The gadd7 lncRNA regulates TDP43’s ability to 
process specific mRNAs; (d) lncRNAs can serve as scaffolds to organize multiple comp-
lexes; (e) Exosomal shuttle RNAs (exRNAs) may act as signaling molecules in cell-cell 
communication, carrying mRNAs, microRNAs (miRNAs), and lncRNAs; (f) lncRNAs from 
antibody switch regions form R-loops to guide class switch recombination via AID recruit-
ment [409]. 

1.7.2. Observable phenotypes of lncRNAs and diseases 
Most lncRNAs have not been identified in genetic screens due to the 

historical emphasis on protein-coding mutations and the subtle effects of 
regulatory mutations on quantitative traits. Identifying causal mutations in the 
many non-coding sequence variations is challenging, as most variations in-
fluencing human traits and disorders are found in lncRNA-rich regions [410, 
411]. However, some lncRNAs, like roX1 and roX2 in fruitflies [412] and 
H19, Air, and Kcnq1ot1 in mice [413–415], have been identified genetically. 
In Arabidopsis, specific intronic SNPs in lncRNAs affect flowering-time 
adaptation by altering splicing [416]. Functional studies of lncRNAs typically 
involve silencing or deletion, although interpreting these experiments can be 
difficult [417, 418]. Advances in high-throughput genetic screens and CRISPR 
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technology are now rapidly identifying lncRNAs crucial for various biolo-
gical processes [419–423]. Beyond these roles, lncRNAs regulate cell diffe-
rentiation, development [319, 419, 424, 425], and numerous physiological 
processes such as DNA damage response [426], immune functions [424, 
427], metabolism [428, 429], and stress responses in plants [425, 430], with 
emerging roles in association with cell membranes [431] and ribozymes 
[432]. 

Long non-coding RNAs (lncRNAs) play a critical role in maintaining 
genomic stability, and their mutations or dysregulation can lead to various 
diseases, including cancer [433–437]. Studies examining the expression of 
lncRNAs in tumors have identified specific lncRNAs associated with cancer 
subtypes and prognosis [438]. Abnormal levels of lncRNAs can significantly 
impact cancer prognosis, metastasis, and recurrence, with some lncRNAs 
influencing cell growth and proliferation [436]. Overexpression of proto-
oncogenic lncRNAs has been shown to enhance tumor growth and invasion 
[436, 437], while others promote tumor-cell proliferation and metastasis through 
mechanisms such as chromatin looping [438]. LncRNAs are increasingly 
recognized for their roles in cancer progression, affecting cellular processes 
such as proliferation, survival, and metabolism [420, 439]. Many lncRNAs 
are regulated by key oncogenes and tumor suppressors, such as p53 and 
MYC, and contribute to the behavior of cancer cells [426, 440, 441]. For 
instance, the lncRNA MEG3, which activates p53, is often downregulated in 
cancers, underscoring its tumor-suppressive functions [442, 443]. 

In addition to their roles in cancer, lncRNAs are crucial for regulating 
cell differentiation, growth, and stress responses across various systems, in-
cluding the nervous, muscular [325, 444], cardiovascular [445], adipose [446], 
and immune systems [447], with broad implications for numerous diseases. 
For example, lncRNAs are involved in the complex gene regulation necessary 
for the central nervous system, particularly in neuronal differentiation and 
regeneration [448, 449]. Dysregulation of certain lncRNAs has been linked 
to neurological disorders, such as Alzheimer’s disease, where BACE1-AS 
promotes the accumulation of neurotoxic amyloid plaques [450–452]. 

In haematopoiesis and immune regulation, lncRNAs coordinate with 
transcription factors to control gene expression [453]. The lncRNA UMLILO, 
for example, primes immune gene activation in trained immunity by modu-
lating chromatin structure [454]. Additionally, lncRNAs play a role in regu-
lating the innate immune response to viral infections, with some lncRNAs 
promoting viral replication by inhibiting antiviral gene expression [455–457]. 

lncRNAs, due to their high tissue-specificity and role in cellular regu-
lation, are promising therapeutic targets with potentially fewer side effects 
compared to protein targeting. Their lack of translation, fast turnover, and low 
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expression levels could also allow for quicker effects with lower doses [458, 
459]. The most advanced therapies involve antisense oligonucleotides (ASOs), 
designed to downregulate nuclear lncRNAs by inducing RNA cleavage, 
though challenges remain with in vivo toxicity and delivery [458, 459]. Some 
ASOs targeting lncRNAs are already in development, with mRNA-targeting 
ASOs approved by regulatory agencies [460]. Small molecules targeting 
lncRNAs are less developed, requiring the identification of specific RNA 
structures for effective binding [461]. CRISPR–Cas systems also offer pre-
cise modulation of lncRNAs, though their therapeutic application is still 
emerging [462, 463]. 

1.7.3. Challenges in understanding lncRNAs 
Modern transcriptome analyses, supported since 2004 by the National 

Human Genome Research Institute (NHGRI) through the ENCODE project, 
have challenged the earlier belief that 90% of our genome is “junk DNA”, 
revealing that much of it is transcribed into non-coding RNAs (ncRNAs), 
including both small and long forms [464] (Figure 7).  

Estimates of the number of human lncRNA genes vary significantly. 
GENCODE suggests there are over 16,000 lncRNA genes, but other esti-
mates exceed 100,000 [465, 466]. Well over 100,000 human lncRNAs have 
been recorded, with many being specific to the primate lineage [337, 465]. 
This number is likely an underestimate due to the limited analysis across dif-
ferent cell types and developmental stages. Currently, hundreds of thousands 
of lncRNAs have been cataloged, and numerous databases exist to curate this 
information [467–469]. 

Non-coding RNAs exhibit diverse functions, complicating their classifi-
cation. Some act locally, others distally, and many cytosolic lncRNAs encode 
small peptides [470–472]. Protein-coding genes can also produce lncRNAs 
via alternative splicing, with ~17% of major transcripts from these loci being 
non-coding [473, 474]. Both lncRNAs and mRNAs can generate various 
functional transcripts, including unspliced, spliced, circular, and intronic 
RNAs [475]. Transposable elements are frequently involved in gene expres-
sion and structure [476], making them unreliable as indicators of neutral 
evolution. Despite advances in transcriptome characterization, understanding 
lncRNA functions remains challenging due to their complex expression and 
processing. While some lncRNA roles are known, many remain unexplored, 
with emerging research focusing on their interactions and implications in 
diseases [477, 478]. A recently published Consensus Statement provides 
recommendations for advancing the understanding of long non-coding RNAs 
(lncRNAs) in development, cell biology, and disease, emphasizing standar-
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dized nomenclature, research priorities, technological advancements, inter-
disciplinary approaches, clinical applications, data sharing, and educational 
initiatives [479]. 

 
Figure 7. Comparison of the information content of the human genome 

approximately 20 years before (left) [155] and after (right) [156]. 

1.7.4. LncRNA HOTAIR 
1.7.4.1. LncRNA HOTAIR: functions, expression, pathways,  
and molecular mechanisms 
HOTAIR, a long non-coding RNA introduced by Rinn et al., is a spliced 

and polyadenylated RNA with 2,158 nucleotides and 6 exons, transcribed 
from the antisense strand of the HoxC gene on chromosome 12q13.13 [480]. 
It lacks features of pre-miRNA and is preferentially expressed in the body's 
posterior and distal regions [480]. HOTAIR has evolved rapidly compared to 
adjacent HoxC genes, showing poor sequence conservation but highly conser-
ved structures [481]. 

HOTAIR acts as a trans-acting lncRNA, targeting various loci such as 
HOXD4. It interacts with the polycomb repressive complex 2 (PRC2), a 
histone methyltransferase essential for epigenetic silencing, including in 
cancer [482]. HOTAIR guides PRC2 across the genome to trimethylate histone 
H3 at lysine-27, involving key subunits like EZH2, SUZ12, and EED [483, 
484]. PRC2’s binding to target genes is modulated by RNA, with JARID2 
playing a critical role in activating EZH2's function [485–487]. HOTAIR 
serves as a molecular scaffold, interacting not only with PRC2 but also with 
the LSD1 complex, which demethylates histone H3 at lysine-4 [488, 489]. 
These interactions coordinate chromatin modifications and influence the 
expression of multiple genes involved in various cellular functions [483]. 
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HOTAIR regulation is influenced by various pathways and factors. DNA 
methylation, particularly in downstream intergenic CpG islands, significantly 
impacts HOTAIR expression [490]. Post-synthetic methylation of specific 
cytosines within or near key HOTAIR regions also plays a crucial role in its 
regulation [321]. HOTAIR’s function can be inhibited by the argonaute2 
(Ago2) complex in the presence of microRNA-141 (miR-141), which acts as 
a tumor suppressor by binding to and suppressing HOTAIR [491]. Osteopon-
tin (OPN), an extracellular matrix protein, transcriptionally activates HOTAIR 
expression, with its regulator, CD44, influencing this process. Conversely, 
interferon regulatory factor 1 (IRF1) binds to HOTAIR’s promoter and dec-
reases its expression, with OPN regulating IRF1 and thus indirectly activating 
HOTAIR [492]. The oncoprotein c-Myc also regulates HOTAIR by binding 
to an E-box element in its promoter, enhancing HOTAIR expression. c-Myc 
knockdown reduces HOTAIR levels, while its upregulation increases both 
HOTAIR expression and promoter activity [493]. Additionally, diethyl-
stilbestrol and bisphenol-A can upregulate HOTAIR in breast cancer cells via 
estrogen response elements in its promoter [494]. TGF-β, involved in epithelial-
mesenchymal transition (EMT), also induces HOTAIR expression, contri-
buting to cancer stem cell (CSC) maintenance [321]. Type I collagen (Col-1), 
abundant in the tumor microenvironment, has been shown to upregulate 
HOTAIR in lung cancer cells, further highlighting its role in non-small cell 
lung cancer [495, 496]. 

HOTAIR is an oncogenic factor and serves as a prognostic biomarker 
across various cancer types. It plays a crucial role in both the initiation and 
progression of different cancers. LncRNA HOTAIR is involved in various 
carcinogenic processes, including cell mobility, proliferation, apoptosis, inva-
sion, aggression, and metastasis [497]. HOTAIR complexes disrupt various 
cellular processes in carcinogenesis, primarily by deregulating multiple onco-
genic signaling pathways [498]. HOTAIR regulates cell proliferation, alters 
gene expression, and enhances tumor cell invasion and migration. However, 
its precise molecular mechanisms are not yet fully understood [499]. HOTAIR 
regulates cell cycle progression, tumor proliferation, epithelial-to-mesenchy-
mal transition (EMT), and tumor migration and invasion by modulating gene 
expression [500]. Patients with high HOTAIR expression levels exhibited a 
higher incidence of cancer compared to those with low HOTAIR expression 
levels [501–505]. HOTAIR overexpression has significant implications across 
various types of cancer, often leading to more aggressive disease and poorer 
patient outcomes [506]. HOTAIR were elevated in other disease, such as 
Parkinson’s disease, rheumatoid arthritis [507, 508]. lncRNA HOTAIR is 
upregulated in sepsis and has been linked to septic cardiomyopathy [509]. 
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Epithelial-to-mesenchymal transition (EMT) involves the transformation 
of epithelial cells into a mesenchymal cell type, enabling them to lose their 
epithelial characteristics and migrate to surrounding and distant tissues, a 
process crucial for embryonic development, organogenesis, and tumor inva-
sion and metastasis [510, 511]. The transforming growth factor β (TGF-β) 
signaling pathway involves TGFβ subtypes, bone morphogenetic proteins, 
activin, and growth factors, crucial for cell proliferation and metastasis [512]. 
TGF-β regulates epithelial-to-mesenchymal transition (EMT) through trans-
cription factors such as Twist, Snail, ZEB1, ZEB2, and FOXC2, which inhibit 
E-cadherin expression [513, 514]. E-cadherin is vital for maintaining epithe-
lial cell adhesion and suppressing tumor progression [515, 516]. HOTAIR is 
implicated in regulating EMT through the TGF-β pathway, functioning as a 
competitive endogenous RNA (ceRNA) that modulates key EMT-related genes 
like E-cadherin, N-cadherin, and Snail [517]. HOTAIR also influences gene 
transcription via epigenetic mechanisms [483, 500]. 

Studies have shown that silencing HOTAIR enhances cell invasion, 
proliferation, and migration while promoting apoptosis in various cancer cells 
[518]. For instance, the interaction between miR-203 and HOTAIR regulates 
metastatic genes in renal cell carcinoma [519]. HOTAIR downregulation also 
affects migration and epithelial marker expression in RCC cells by modu-
lating miR-217 [520]. Downregulation of HOTAIR reduces colorectal cancer 
cell proliferation and invasion by upregulating UPP1 through EZH2 recruit-
ment, suggesting the HOTAIR/EZH2/UPP1 axis as a potential therapeutic 
target in CRC [521]. In breast cancer, HOTAIR regulates SETDB1 expression 
and EMT through sponging miR-7 [522], and in liver cancer, HOTAIR affects 
proliferation and migration by interacting with miR-217-5p [523]. HOTAIR 
sponges miR-601, and its silencing reverses miR-601’s effects on breast cancer 
progression. It regulates ZEB1 through miR-601, with HOTAIR interference 
reducing tumor growth in vivo [524]. HOTAIR drives EMT through epige-
netic regulation, such as by modulating HOXC8 expression in esophageal 
cancer [525]. In oral squamous cell carcinoma, HOTAIR, in conjunction with 
EZH2, inhibits E-cadherin expression, promoting metastasis [526]. Similarly, 
HOTAIR’s interaction with TGF-β1 influences breast cancer progression 
[527] and gastric cancer by negatively regulating E-cadherin [528]. It also 
affects non-small cell lung cancer (NSCLC) by regulating the cell cycle [529] 
and cervical cancer by modulating EMT transcription factors [530]. In uro-
thelial bladder cancer, a lack of HOTAIR expression decreases migration and 
invasion by regulating EMT-related genes [531]. 

The PI3K/Akt signalling pathway influences cell proliferation, apoptosis, 
and metastasis [532, 533], with HOTAIR playing a key role in tumour meta-
stasis by affecting upstream and downstream gene expression [534]. Over-
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expression of miR-203 suppresses HOTAIR, leading to increased PTEN 
expression, which then upregulates p21 and suppresses downstream pathways 
[519, 535]. HOTAIR also regulates the PI3K/Akt pathway through miR-34a, 
promoting tumour growth [536]. Knockdown of HOTAIR in MCF-7 cells 
increases p53 expression and decreases AKT and JNK levels, reducing cell 
migration and invasion [535]. Additionally, HOTAIR silencing lowers p-
mTOR, p-PI3K, and p-AKT levels, thus reducing osteosarcoma cell prolife-
ration and breast cancer cell metastasis [537, 538]. The HOTAIR/miR-326/ 
FUT6 axis affects colorectal cancer progression through the PI3K/Akt/mTOR 
pathway [539], and HOTAIR modulates cell proliferation and apoptosis in 
leukaemia and melanoma via interactions with miRNAs and PI3K/Akt sig  
nalling [540–542]. Silencing HOTAIR reduced PI3K, AKT, and mTOR levels 
in MCF-7 cells and decreased cell proliferation, indicating HOTAIR’s role in 
promoting breast cancer via the PI3K/AKT/mTOR pathway [543]. Overall, 
the PI3K/Akt/MAPK pathway plays a crucial role in tumour metastasis by 
affecting cell migration, adhesion, and angiogenesis. HOTAIR also inhibits 
FGF1 expression, affecting cell proliferation and migration [544, 545]. 

The Wnt/β-catenin pathway plays a crucial role in cellular processes and 
angiogenesis, impacting oncogenesis [546]. Abnormal activation of this 
pathway is linked to various cancers, including ovarian and liver cancer [547]. 
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ling [548]. In liver cancer, HOTAIR overexpression correlates with poor 
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pathway [549]. HOTAIR also downregulates TET1 in HeLa cells, further 
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The vascular endothelial growth factor (VEGF) pathway is crucial for 
tumour angiogenesis, invasion, and migration [554]. HOTAIR promotes 
VEGFA transcription, enhancing tumour cell invasiveness [555]. It also 
influences the degradation of extracellular matrix proteins via MMPs, aiding 
cancer cell proliferation and migration [556]. In non-small cell lung cancer 
(NSCLC), HOTAIR downregulates HOXA5 and upregulates MMP-2 and 
MMP-9, facilitating invasion and migration [557]. Additionally, HOTAIR is 
linked to increased VEGF and MMP expression in various cancers, pro-
moting metastasis [558, 559]. These findings suggest that HOTAIR drives 
tumour metastasis through VEGF-related proteins. 

Epigenetic modification involves heritable changes in gene expression 
without altering DNA sequences, with chromatin remodeling playing a key 
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role [560]. HOTAIR acts as a molecular scaffold, linking PRC2 and LSD1 
histone modification complexes to reprogram chromatin states, promoting 
cancer metastasis through epigenetic gene silencing [483]. It can also inhibit 
RBM38, an RNA-binding protein, to enhance HCC cell migration and 
invasion [561]. Additionally, HOTAIR is found in extracellular vesicles (EVs), 
contributing to tumor invasion and metastasis by altering gene expression in 
recipient cells [562]. The precise role of exosomal HOTAIR in cancer meta-
stasis warrants further investigation [563]. 

HOTAIR plays a significant role in the tumor microenvironment, which 
is comprised of various cellular components (such as cancer-associated 
fibroblasts (CAFs), endothelial cells, and immune cells like T-cells, tumor-
associated macrophages, dendritic cells, and mast cells) and non-cellular 
components (including cytokines, growth factors, and metabolites). This 
signaling impacts various cancer-related processes, such as metastasis and 
therapy resistance [564]. HOTAIR upregulates proteins in NF-κB, TNFα, and 
MAPK pathways, boosting inflammatory complexes and immune responses, 
including T-cell co-stimulation. It promotes NF-κB activation by inhibiting 
UBXN1, leading to increased NF-κB nuclear translocation, while reduced 
HOTAIR decreases PD-L1 expression, enhancing susceptibility to immune 
attack [565]. 

Early detection of HOTAIR in body fluids may support its use as a bio-
marker for diagnosing various carcinomas [566]. Serum exosomes containing 
HOTAIR have potential as diagnostic and prognostic markers for breast 
cancer, with high expression linked to treatment response [567]. HOTAIR is 
also significantly associated with clinical parameters in laryngeal squamous 
cell carcinoma (LSCC), making it a promising biomarker for LSCC screening 
and prognosis [568]. Similar associations have been found in lung, stomach, 
and liver cancers [569–571]. HOTAIR plays a multifaceted role in promoting 
chemotherapy resistance by modulating apoptosis, cell cycle, and EMT in 
various cancers [572]. 

1.7.4.2. LncRNA HOTAIR in cervical cancer 
Numerous lncRNAs have been identified as key regulators in various 

biological processes, significantly contributing to the onset and progression 
of cervical cancer [11, 573]. It has been reported that the interaction between 
HPV16 E7 oncoprotein and lncRNA-HOTAIR is linked to cellular prolife-
ration and metastasis in cervical cancer. This suggests a close relationship 
between HPV proteins and lncRNA in the progression of cervical cancer 
[574]. HOTAIR expression was elevated in cervical cancer tissues and was 
associated with FIGO stage, lymphatic metastasis, tumor size, and depth of 
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invasion, suggesting its role in cervical cancer progression. It may serve as a 
potential diagnostic marker and an independent indicator of overall survival 
[575]. HOTAIR levels were significantly higher in cancer tissue and bodily 
fluids compared to paracancerous tissue and were reduced after surgery. 
Diagnostic analysis showed HOTAIR in vaginal discharge had a higher 
accuracy (92.7%) compared to serum (89.3%), suggesting it as a promising 
marker for early detection and monitoring of cervical carcinoma [576]. 
Reducing HOTAIR expression diminished cell motility and invasiveness in 
cervical cancer in vitro. HOTAIR regulated the expression of VEGF, MMP-
9, and EMT-related genes, which are crucial for cell migration and metastasis 
[558].  

Further experiments confirmed that Notch1 and STAT3 are key players 
in the reduced migration and invasion seen after HOTAIR knockdown. 
Functional studies on VIM, a critical mesenchymal marker involved in EMT, 
showed that HOTAIR influences HeLa cell motility and invasion, partly by 
regulating VIM expression [577]. Another study investigated the effects of 
silencing HOTAIR in cervical cancer cells using siRNA. Following knock-
down, a significant reduction in cell proliferation, migration, and invasion 
was observed, along with an increase in apoptosis. Molecular analyses revealed 
that silencing HOTAIR decreased the expression of Notch1, EpCAM, 
vimentin, and STAT3, while increasing E-cadherin expression [578]. Increa-
sed serum HOTAIR levels in cervical cancer patients correlated with larger 
tumors, lymphovascular invasion, and shorter survival times. In vitro, HOTAIR 
overexpression in cervical cancer cell lines enhanced proliferation and 
invasion, while HOTAIR knockdown reduced these effects and increased 
apoptosis. In vivo xenograft models showed HOTAIR’s role in promoting 
tumor growth and modulating epithelial-mesenchymal transition and Notch-
Wnt signaling pathways, highlighting HOTAIR as a potential therapeutic 
target [579]. Loss-of-function studies demonstrated that HOTAIR overex-
pression enhanced, while its silencing suppressed, the growth, invasion, and 
viability of cervical cancer cells both in vitro and in vivo. Additionally, 
HOTAIR influenced human leukocyte antigen-G expression by competitively 
binding to miR-148a, underscoring its oncogenic role in cervical cancer. 
These findings suggest that HOTAIR could serve as a biomarker and potential 
target for prognosis and therapeutic intervention in cervical cancer [580]. 
Elevated The luciferase reporter assay showed that miR-17-5p directly targets 
the 3'-UTR of HOTAIR, regulating cervical cancer growth. Consequently, 
inhibiting the tumor-promoting activity of HOTAIR in cervical cancer could 
offer a promising new therapeutic approach for future treatments [581].  

HOTAIR promotes cervical cancer by targeting the miR-331-3p/RCC2 
axis, with clinical tissues showing a negative correlation between miR-331-3p, 
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HOTAIR, and RCC2, indicating a potential therapeutic target for the disease 
[582]. HOTAIR is upregulated in cervical cancer and promotes tumor growth 
by acting as a sponge for miR-143-3p, which normally inhibits BCL2. This 
interaction enhances BCL2 expression, counteracting the tumor-suppressive 
effects of miR-143-3p and suggesting HOTAIR as a novel regulatory mecha-
nism [583]. HOTAIR is upregulated and miR-214-3p is downregulated in 
HPV16-positive cervical cancer cells, with HOTAIR acting as a competitive 
endogenous RNA (ceRNA) that promotes cell proliferation and inhibits 
apoptosis by binding miR-214-3p. This interaction influences the Wnt/β-
catenin signaling pathway, suggesting HOTAIR/miR-214-3p as potential 
biomarkers and therapeutic targets in cervical cancer [584]. Propofol, a wide-
ly used intravenous anesthetic, has been shown to have antitumor effects in 
various cancers, including cervical cancer. A study reported that propofol 
significantly reduced cell viability and increased apoptosis in CaCx cells, 
effects that were counteracted by HOTAIR overexpression. Additionally, 
exogenous HOTAIR expression reversed the propofol-induced suppression 
of mTOR/p70S6K, key Ser/Thr kinases involved in regulating cell growth, 
proliferation, survival, and metabolism. Similar findings were observed in an 
animal model, where propofol inhibited tumor growth and promoted apopto-
sis through HOTAIR-mediated inhibition of the mTOR/p70S6K pathway in 
cervical cancer [585]. Artesunate (ART), a derivative of artemisinin, exhibits 
anti-cancer effects across various solid tumors, including cervical cancer. 
ART’s anti-cancer effects include inducing cell cycle arrest, promoting apop-
tosis, and inhibiting angiogenesis and metastasis. ART’s anti-metastatic effects 
on cervical cancer cells show that it inhibits metastasis and reduces HOTAIR 
expression. HOTAIR overexpression partially counteracted ART’s anti-
metastatic effects by interacting with and upregulating COX-2. Additionally, 
COX-2 overexpression reversed the effects of HOTAIR knockdown on cell 
migration and invasion. These findings suggest ART may suppress cervical 
cancer metastasis by inhibiting HOTAIR, leading to decreased COX-2 expres-
sion [586].  

Increased HOTAIR levels were found to confer radio-resistance in HeLa 
cells by inhibiting p21, while HOTAIR knockdown increased p21 levels, 
thereby enhancing radio-sensitivity in C33A cells in vitro and making cervical 
cancer more responsive to radiotherapy in vivo. This suggests that HOTAIR 
induces radiation resistance by downregulating p21 in cervical cancer cells 
[587]. Studies show that ART enhances radiosensitivity in HeLa cells and 
suppresses tumor growth in a cervical cancer xenograft model [588,589]. 
HOTAIR was found to interact with 348 proteins, including YBX1, which it 
promotes to the nucleus, thereby activating the PI3K/Akt and ERK/RSK 
pathways and influencing cell proliferation through regulation of YBX1 
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targets like PCK2 and PDGFRβ, highlighting the utility of novel imaging 
tools for studying lncRNA-protein interactions in vivo [590].  

A Chinese study examining circulating HOTAIR expression in cervical 
cancer revealed significant upregulation of HOTAIR in patients compared to 
controls. The study included 118 cervical cancer patients and 100 age-
matched healthy women and investigated the relationship between HOTAIR 
levels and various clinicopathological parameters. Elevated HOTAIR expres-
sion was found to be associated with advanced tumor stages, adenocarcinoma 
subtype, lymphatic invasion, and lymph node metastasis. Furthermore, high 
levels of HOTAIR correlated with tumor recurrence and reduced overall 
survival, highlighting its potential as a prognostic biomarker in cervical 
cancer [591]. 

1.7.5. LncRNA MALAT1 
1.7.5.1. LncRNA MALAT1: biogenesis, expression, and cell cycle 
regulation 
The lncRNA metastasis-associated lung adenocarcinoma transcript 1 

(MALAT1), also called nuclear-enriched transcript 2 (NEAT2), is likely one 
of the most prevalent lncRNAs in cultured cells. MALAT1 is a highly 
abundant and widely expressed long noncoding RNA, approximately 8,000 
nucleotides in length [592–594]. The longest isoform, MALAT1-201, has a 
length of 10,434 base pairs. Previously described in many species, MALAT1 
is located on chromosome 11 in humans. In 2003, it was first discovered 
through subtractive hybridization as a prognostic marker for patient survival 
in stage I lung adenocarcinoma and squamous cell carcinoma [592]. Subse-
quent research identified MALAT1 as a noncoding transcript predominantly 
found in the nucleus of human primary fibroblasts and transformed lympho-
blasts [595]. It is specifically found in nuclear speckles [595, 596]. Although 
MALAT1 has a poly(A) tract in its genome, the post-transcriptional process 
removes this tail. RNase P cleaves the primary MALAT1 transcript, producing 
a mature MALAT1 transcript with a poly(A)-rich stretch and small tRNA-
like molecules. The long MALAT1 transcript stays in nuclear speckles, while 
the small, triple-helix MALAT1 is found in the cytoplasm. This structure 
enhances stability and nuclear localization despite the lack of a poly(A) tail. 
MALAT1 is also known to be misregulated in many cancers [597–599]. 

MALAT1 is crucial for regulating pre-mRNA splicing and transcription 
[600–602]. Although MALAT1 interacts with numerous proteins, its depletion 
does not disrupt the formation of nuclear speckles but instead leads to altera-
tions in their composition [603]. MALAT1 forms numerous long-range struc-
tures, which likely facilitate its multivalent interactions with various RBPs 
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and pre-mRNAs [604]. MALAT1 acts as a central RNA hub for numerous 
highly expressed RNAs. RIC-seq uncovered multiple interaction sites between 
U1 small nuclear RNA and MALAT1, a finding also supported by psoralen 
analysis of RNA interactions and structures [604, 605]. A high-confidence 
analysis of NEAT1-RNA interactions indicated that the 5′ region of NEAT1 
interacts with MALAT1 in trans [605].  

MALAT1 has multiple functions in regulating gene expression. Under 
oxidative stress conditions in endothelial cells exposed to H2O2, MALAT1 
transcription was found to be induced by the p53 protein, a regulation pre-
viously suggested in mice [606]. A mouse study found that MALAT1 expres-
sion is induced by hypoxia and regulated through the CaMKK/AMPK/HIF-
1α axis, which enhances the MALAT1 promoter in response to Ca2+ inputs 
[607, 608]. The expression of MALAT1 was found to correlate with the trans-
cription factors Sp1 and Sp3, whose co-silencing reduced MALAT1 levels, 
indicating their role in its positive regulation [609]. PCDH10 overexpression 
in AN3CA and HEC-1-B cell lines significantly downregulated MALAT1, 
which correlated with decreased cell proliferation; this suppression was me-
diated by the Wnt/β-catenin signaling pathway [610]. A study on SOX17 in 
esophageal squamous cell carcinoma (ESCC) found that the MALAT1 
promoter has an SRY element bound by SOX17, which significantly limits 
MALAT1 expression [611]. In neuroblastoma, MALAT1 expression is acti-
vated by oxytocin receptors through CREB binding to its promoter. In bladder 
cancer, MALAT1 is upregulated by TGF-β, enhancing tumor invasion and 
metastasis, while targeting MALAT1 reduces these effects [612]. In colorec-
tal and gastric cancer cultures, silencing Yes-associated protein 1 (YAP1) sig-
nificantly reduced MALAT1 expression [613]. In Ewing sarcoma research, 
MALAT1 transcription was found to depend on SYK signaling, with c-MYC 
enhancing SYK’s binding to the MALAT1 promoter and boosting tumor 
proliferation [614]. In colorectal and gastric cancer cultures, silencing Yes-
associated protein 1 (YAP1) reduced MALAT1 expression [613]. MALAT1 
expression can be regulated post-transcriptionally by miR-101 and miR-217, 
leading to its silencing and reduced proliferation of ESCC cells by arresting 
the G2/M cell cycle [615]. MALAT1 was found to be involved in a positive 
feedback loop with NRF1 and NRF2, regulated by KEAP1, indicating that 
targeting MALAT1 could offer a new treatment option for multiple myeloma 
(MM). NRF1, a key regulator of the proteasome response, enhances sensiti-
vity to proteasome inhibitors when inhibited [616, 617]. MALAT1 upregula-
tion during liver regeneration was found to accelerate cell cycle progression 
and promote hepatocyte proliferation in vitro [618]. In L428 and U87MG cell 
lines, it was shown that miR-9 regulates MALAT1 expression through AGO2 
[619]. In diabetic mice, high glucose levels stimulated MALAT1 expression 
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in the kidneys, correlating positively with serum creatinine and urinary 
albumin levels [620]. 

Many studies have explored how genes like MALAT1 affect cell cycle 
regulation and carcinogenesis, highlighting MALAT1’s pro-proliferative 
effects. Elevated MALAT1 levels are notably observed during the G1/S and 
mitotic (M) phases [621, 622]. MALAT1 accelerates the liver cell cycle: 
knockout prolongs the G0/G1 phase, while overexpression increases cells in 
the replication phase and reduces those in G0/G1 [620]. MALAT1 interacts 
with the nuclear protein hnRNP C, aiding its transport to the cytoplasm and 
promoting the transition from G2 to M phase [623]. Silencing MALAT1 with 
miR-101 and miR-217 causes G2/M phase cell cycle arrest, likely by altering 
p21, p27, and B-MYB expression [615]. Knockout of MALAT1 in LNCaP 
cells delays the G1 to S phase transition and reduces cyclin D1 and CDK6 
expression. MALAT1 depletion also lowers B-MYB levels, affecting genes 
expressed during M phase. Additionally, MALAT1’s interaction with hnRNP 
C aids its movement from the nucleus to the cytoplasm, facilitating the G2 to 
M phase transition [623, 624]. Flow cytometry of MALAT1-knockout breast 
cancer cells showed more cells in G0/G1 and fewer in S phase. In esophageal 
cancer cells, MALAT1 knockout increased G2/M phase cells and activated 
the ATM-CHK2 pathway, which inhibits rapid tumor growth by controlling 
the G2/M phase [625, 626]. MALAT1 has been linked to chemotherapy resi-
stance in chronic myeloid leukemia, head and neck squamous cell carcinoma, 
and hepatocellular carcinoma by enhancing DNA repair, evading cell cycle 
checkpoints, and regulating apoptosis, autophagy, and stemness [627]. 
MALAT1’s impact on the cell cycle varies by cell type. In cancer cells, 
uncontrolled cycles result from mutations in tumor suppressor genes or onco-
genes, unlike normal cells. Additionally, different cancers or genetic altera-
tions may explain MALAT1’s varying effects on the cell cycle. 

1.7.5.2. LncRNA MALAT1: carcinogenesis, cancer and other 
diseases 
MALAT1 plays a role in cancer progression and metastasis. In the MMTV-

PyMT mouse model, genetic loss or systemic knockdown of MALAT1 using 
antisense oligonucleotides (ASOs) slows tumor growth, promotes cystic dif-
ferentiation, and reduces metastasis. MALAT1 loss also decreases branching 
morphogenesis in tumor organoids, increases cell adhesion, and impairs 
migration. Molecularly, MALAT1 knockdown alters gene expression and 
splicing of genes involved in differentiation and cancer signaling [628]. 
MALAT1 is upregulated in hepatocellular carcinoma and acts as a proto-
oncogene by activating the Wnt pathway and inducing the oncogenic splicing 
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factor SRSF1. This induction enhances the production of antiapoptotic splicing 
isoforms and activates the mTOR pathway through alternative splicing of 
S6K1. Inhibiting SRSF1 or mTOR eliminates MALAT1’s oncogenic effects, 
indicating that SRSF1 induction and mTOR activation are crucial for 
MALAT1-driven cancer transformation [629]. Alternative splicing in cancer 
cells differs from that in healthy cells. Besides splicing factors like SR pro-
teins and HnRNPs, lncRNAs such as DGCR5 and LINC01232 also influence 
splicing. MALAT1's abundance in nuclear speckles indicates its key role in 
splicing events by interacting with splicing factors to protect them, direct their 
transport, or maintain their interactions [630]. MALAT1, similar to other 
lncRNAs, influences alternative splicing by interacting with splicing factors 
to produce variants that support cancer progression, such as those with anti-
apoptotic (BIM, BIN1) and pro-proliferative (TEAD1) properties. It is 
essential for the binding of splicing factors PTBP1 and PSF, and their interac-
tion with MALAT1 is crucial for promoting malignant traits like cell growth, 
invasion, and migration in hepatocellular carcinoma cells [629, 631]. The 
MALAT1/mTOR/HIF-1α pathway increases VEGF and FGF2 levels, pro-
moting angiogenesis and tumor growth [632]. MALAT1 enhances metastasis 
by activating the Wnt/β-catenin pathway through overexpression. Specifi-
cally, the 3′ end of MALAT1 directly interacts with EZH2's N-terminal, leading 
to increased EZH2 expression [633]. MALAT1 activates the Wnt/β-catenin 
pathway, upregulating metastasis-related genes such as c-Myc, cyclinD1, 
MMP-7, and CD44. Additionally, MALAT1 influences the PI3K-AKT path-
way, regulating EMT markers like E-cadherin, N-cadherin, vimentin, snail42, 
MMP2, and MMP9. This effect is mediated by MALAT1 sponging miR-
146a, which downregulates the pathway by targeting the 3′UTR of PI3K 
mRNA [634–636]. This mechanism also involves PI3K-AKT pathway 
activation and interactions with microRNAs such as miR-101 and miR-125b. 
MALAT1 binds to miR-140-5p, leading to upregulation of HDAC4, an epige-
netic regulator that inhibits pro-apoptotic gene transcription through chroma-
tin modifications [637, 638]. In bladder cancer, researchers have found that 
MALAT1 interacts with Suz12, a PRC2 component, rather than EZH2 [612]. 
Upregulated EZH2 promotes the downregulation of GSK-3β by tri-methy-
lating lysine 27 on histone H3. This inhibits β-catenin ubiquitination, thereby 
activating the Wnt/β-catenin pathway [637]. In natural killer (NK) cell lymp-
homas, MALAT1 has been shown to interact with both components of the 
PRC2 complex [639]. In line with findings on MALAT1’s oncogenic roles, 
its knockdown was shown to suppress tumor growth by reducing proliferation 
and invasion while increasing apoptosis in Hs578T TNBC cells. Among the 
predicted miRNAs targeted by MALAT1, miR-1 exhibited the most signifi-
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cant change following MALAT1 silencing, a result consistent with observa-
tions in TNBC tissues [640]. 

MALAT1 has been shown to stimulate cancer cell proliferation in gastric 
cancer. Additionally, it inhibits the anti-oncogene PCDH10, further promoting 
stomach cancer cell growth and metastasis. In colorectal cancer, MALAT1 
enhances proliferation, invasion, and migration through PRKA kinase anchor 
protein 9 (AKAP-9), which is linked to cancer progression and metastasis 
[641–643]. MALAT1 was found to interact with miR-218, promoting the 
proliferation of human choriocarcinoma cells by regulating the oncogenic  
F-box/WD repeat-containing protein 8 (Fbxw8) in phosphorylation-depen-
dent ubiquitination [644]. In hilar cholangiocarcinoma (HCCA), increased 
MALAT1 expression was correlated with the tumor’s pathological T stage 
(TNM classification), nerve invasion, and larger tumor size. Additionally, 
MALAT1 contributes to oncogenesis by regulating CXCR4 through a miR-
204-dependent mechanism [645]. Knocking out MALAT1 was shown to 
suppress the proliferation and metastasis of human tongue cancer cells while 
elevating miR-124 levels, which in turn regulates jagged1 (JAG1), a factor 
that promotes cancer cell proliferation [646]. 

MALAT1 overexpression is associated with poor prognosis in various 
cancers, including breast cancer, non-small-cell lung cancer, and glioma 
[647–649]. HPV-positive cells were found to express MALAT1; however, 
tissues affected by vulvar squamous cell carcinoma (VSCC), which is asso-
ciated with HPV, exhibited reduced MALAT1 expression levels [650, 651]. 
Recent research has shown that silencing MALAT1 in ovarian cancer cells 
leads to reduced cell proliferation, invasion, and migration. This evidence 
underscores MALAT1’s role as a key oncogenic lncRNA that promotes the 
progression of ovarian cancer [652]. MALAT1 promotes tumorigenesis and 
metastatic traits in ovarian cancer cells – such as proliferation, migration, and 
invasion – by repressing miR-22 [653]. The identification of a negative corre-
lation between MALAT1 and miR-1271-5p in cisplatin-resistant ovarian 
cancer tissues reveals that silencing MALAT1 or overexpressing miR-1271-5p 
increases resistance to cisplatin while decreasing proliferation, migration, and 
invasion, and promoting apoptosis. This suggests MALAT1 acts as an onco-
gene in cisplatin-resistant ovarian cancer. Furthermore, miR-1271-5p inhibits 
E2F5, a positive regulator of cancer development, and MALAT1 modulates 
this interaction. Thus, targeting the MALAT1/miR-1271-5p/E2F5 axis offers 
a promising approach for ovarian cancer therapy [654, 655]. An inverse 
relationship between MALAT1 and miR-506 was observed in ovarian cancer 
tissues. As miR-506 acts as a tumor suppressor, its upregulation notably 
reduced DNA synthesis in ovarian cancer cells, thereby inhibiting tumor growth. 
Additionally, miR-506 directly regulates iASPP expression [656, 657]. 
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progression of ovarian cancer [652]. MALAT1 promotes tumorigenesis and 
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cancer tissues reveals that silencing MALAT1 or overexpressing miR-1271-5p 
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invasion, and promoting apoptosis. This suggests MALAT1 acts as an onco-
gene in cisplatin-resistant ovarian cancer. Furthermore, miR-1271-5p inhibits 
E2F5, a positive regulator of cancer development, and MALAT1 modulates 
this interaction. Thus, targeting the MALAT1/miR-1271-5p/E2F5 axis offers 
a promising approach for ovarian cancer therapy [654, 655]. An inverse 
relationship between MALAT1 and miR-506 was observed in ovarian cancer 
tissues. As miR-506 acts as a tumor suppressor, its upregulation notably 
reduced DNA synthesis in ovarian cancer cells, thereby inhibiting tumor growth. 
Additionally, miR-506 directly regulates iASPP expression [656, 657]. 
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Elevated MALAT1 levels have been linked to increased recurrence and 
reduced overall survival in epithelial ovarian cancer (EOC) cells [658, 659]. 
Studies have shown that high MALAT1 expression promotes metastasis in 
epithelial ovarian cancer (EOC) by suppressing apoptosis and enhancing 
proliferation, migration, and invasion. MALAT1 knockdown significantly 
reduces EMT-related proteins (N-cadherin, vimentin, snail) and matrix metal-
loproteases (MMP2, MMP9) while increasing E-cadherin expression, thereby 
inhibiting tumorigenicity. Additionally, MALAT1 silencing decreases p-AKT 
levels without affecting total AKT, suggesting that MALAT1 influences EMT 
through the PI3K/AKT signaling pathway. This highlights MALAT1 as a 
potential target for EOC therapy and diagnosis [660, 661]. In epithelial ova-
rian cancer (EOC), elevated MALAT1 expression has been linked to distant 
metastases, with multiple studies suggesting that MALAT1 plays a crucial 
role in driving the metastatic process [651]. Elevated MALAT1 expression 
has been observed in both acute myeloid leukemia (AML) and chronic 
myeloid leukemia (CML) [662]. MALAT1 upregulation has also been noted 
in other cancers, including bladder epithelial cancer [663]. 

In a study of lung cancer patients, lncRNA-MALAT1 expression was 
significantly higher in tumor samples compared to adjacent normal tissue. 
Elevated lncRNA-MALAT1 levels were also detected in the serum of NSCLC 
patients using fluorescent quantitative PCR [664]. To study lncRNA-MALAT1 
in nasopharyngeal carcinoma, researchers used lentiviral vectors to either 
inhibit or activate lncRNA-MALAT1 in the CNE-1 cell line. They found that 
upregulation of lncRNA-MALAT1 enhanced cell proliferation, invasion, and 
metastasis in these cells [665]. MALAT1 is notably dysregulated in laryngeal 
squamous cell carcinoma (LSCC) specimens, suggesting its involvement in 
LSCC development [666].  

It was found that MALAT1 levels were significantly upregulated under 
hypoxia, regulated by HIF-1α and HIF-2α, and predominantly located in the 
cytoplasm. MALAT1 acts as a miRNA sponge for miR-3064-5p, promoting 
breast cancer cell migration and proliferation, suggesting its potential as a 
therapeutic target in breast cancer [667]. In breast cancer, miR-26b levels 
were consistently low, while METTL3, MALAT1, and HMGA2 levels were 
high. METTL3 increased MALAT1 expression through m6A modification, 
and MALAT1 promoted HMGA2 expression by sponging miR-26b. Silencing 
METTL3 inhibited EMT and tumor invasion by suppressing MALAT1. 
Overall, METTL3 drives breast cancer progression via the MALAT1/ 
miR-26b/HMGA2 axis [668]. METTL3 is known to contribute to various 
cancers by promoting translation, RNA stability, and miRNA maturation, 
affecting processes like cell proliferation and invasion. Both MALAT1 and 
METTL3 were found to be upregulated in BC cells. Silencing METTL3 led 
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to MALAT1 downregulation, reduced EMT markers, and decreased cell mig-
ration and invasion. Additionally, the low expression of miR-26b in BC cells 
suggests that MALAT1 may act as a ceRNA for miR-26b [669]. MALAT1 
was found to be upregulated in both breast cancer (BC) patients and cell lines, 
and its high expression is linked to poor prognosis. MALAT1 overexpression 
promoted proliferation, migration, and aggressiveness of BC cells, while 
knockdown of MALAT1 reversed these effects. Mechanistically, MALAT1 
negatively regulated miR-26a/26b, and its knockdown reduced the expression 
of ST8SIA4, a target of miR-26a/26b. Functional analyses showed that  
miR-26a/26b overexpression or MALAT1 knockdown inhibited BC cell 
progression, while miR-26a/26b silencing or MALAT1 upregulation had the 
opposite effect, highlighting the MALAT1/miR-26a/26b/ST8SIA4 axis in BC 
progression [670]. MALAT1 was found to act as a ceRNA for miR-124, with 
MALAT1 knockdown inhibiting proliferation, inducing cell cycle arrest, and 
reducing tumor growth by sponging miR-124. Additionally, miR-124 targets 
CDK4, and its upregulation by MALAT1 activates the CDK4/E2F1 pathway, 
promoting BC progression [671]. 

Elevated MALAT1 expression has been noted in blood and fibrovascular 
membranes in proliferative vitreoretinopathy [672]. MALAT1 overexpres-
sion leads to lipid accumulation, hepatic steatosis, and insulin resistance by 
increasing SREBP-1c and its target genes ACC1, ACLY, SCD1, and FAS 
[673]. MALAT1 regulates cytokines IL-6 and TNF-α by activating SAA3 in 
arterial hyperglycemia [674]. Increased MALAT1 expression is found in RF/6A 
hyperglycemic cells and in the aqueous humor and fibrovascular membranes 
of diabetic retinopathy patients [675]. MALAT1 expression in adipose tissue 
is linked to increased levels of FABP4 and LPL, which are involved in fat 
accumulation. This lncRNA regulates PPARγ, fatty acid metabolism, and 
insulin signaling, highlighting its potential as a target for developing obesity 
treatments in humans. In livestock, MALAT1 may also be useful as a marker 
for controlling fat content [676]. 

1.7.5.3. The role of MALAT1 in cervical cancer 
To explore MALAT1’s role in cervical cancer, short hairpin RNA was 

used to inhibit its expression in CaSki cells, and gene expression and cell 
behavior were assessed using reverse transcriptase–polymerase chain reaction. 
The results showed that MALAT1 regulates cell growth, cycle progression, 
and invasion by affecting genes such as caspase-3, -8, Bax, Bcl-2, and  
Bcl-xL. Specifically, MALAT1 downregulation increases caspase-3, -8, and 
Bax levels while decreasing Bcl-2 and Bcl-xL, leading to enhanced apoptosis, 
highlighting its potential as a therapeutic target in cervical cancer [677].  
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MALAT1 expression is elevated in cervical cancer cells and is believed 
to play a significant role in the progression of the disease. Elevated MALAT1 
expression was found in HR-HPV (+) cervical cancer. MALAT1 knockdown 
reduced cell growth and invasion, increased apoptosis in HeLa and SiHa cells, 
and raised miR-124 levels. Conversely, miR-124 overexpression lowered 
MALAT1 levels. MALAT1 also modulates GRB2 expression indirectly 
through miR-124. GRB2 knockdown led to decreased invasion and increased 
apoptosis. Overall, MALAT1 enhances HR-HPV (+) cancer cell growth and 
invasion via the MALAT1-miR-124-GRB2 axis [678]. Silencing MALAT1 
in cervical cancer cell lines results in decreased cell viability and metastasis, 
and promotes apoptosis. Additionally, MALAT1 has been found to target and 
downregulate miR-429 in these cells. Thus, the MALAT1/miR-429 axis plays 
a role in the progression of cervical cancer [679]. MALAT1 has been shown 
to promote cervical tumor cell proliferation by inhibiting miR-124 in HeLa, 
C-33A, CaSki, and SiHa cell lines. The expression of miR-124, which is 
negatively correlated with MALAT1, is reduced in cervical cancer cells, 
tissues, and mouse models. Increasing miR-124 levels inhibits cervical carci-
noma proliferation and improves tumor weight, size, volume, and survival 
rates. These findings suggest that targeting MALAT1 could enhance clinical 
outcomes in cervical cancer treatment [680]. In the study exploring the 
relationship between MALAT1 and MAT2A gene expression in HPV-positive 
cervical cancer tissues, it was found that MALAT1 functions as a competing 
endogenous RNA (ceRNA), upregulating MAT2A by sponging miR-485-5p. 
Consequently, the MALAT1/miR-485-5p/MAT2A axis may serve as a promi-
sing therapeutic target for HPV-positive cervical cancer [679].  

Periostin gene expression is elevated in cervical cancer tissues and cell 
lines. Knockdown of periostin in HeLa and SiHa cells reduces metastasis, 
epithelial-mesenchymal transition (EMT), and suppresses the AKT/mTOR 
signaling pathway. Additionally, periostin expression in cervical cancer cor-
relates positively with MALAT1 levels and negatively with miR-202-3p 
levels. These findings suggest that the MALAT1/miR-202-3p/periostin axis 
plays a role in regulating these biological processes in cervical cancer [681]. 
MALAT1 knockdown in cervical cancer cells led to increased expression of 
epithelial markers E-cadherin and ZO-1, while decreasing mesenchymal 
markers such as β-catenin and Vimentin. Additionally, the EMT transcription 
factor Snail showed reduced expression after MALAT1 silencing. These 
results indicate that MALAT1 plays a role in promoting EMT and metastasis 
in cervical cancer cells [12]. 

MALAT1 expression was significantly higher in radio-resistant compa-
red to radio-sensitive patients and contributes to radio-resistance in cervical 
cancer by suppressing miR-145 [682]. MALAT1 expression was significantly 
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higher in tumor tissue compared to adjacent normal tissue and was linked to 
tumor size, FIGO stage, vascular invasion, and lymphatic spread, serving as 
an independent prognostic factor in cervical cancer [683]. 

The study examined how Casiopeina II-gly (Cas-II-gly) affects the regu-
latory network involving MALAT1, miR-17-5p, and FZD2 in cervical carci-
noma through the Wnt signaling pathway. In vitro results showed that treat-
ment with Cas-II-gly reduced MALAT1 and FZD2 levels while increasing 
miR-17-5p expression in HeLa and CaSki cell lines [684]. 

Chemotherapeutic drugs, including cisplatin, are crucial in treating 
various cancers, such as cervical cancer. However, resistance to cisplatin can 
diminish its effectiveness. To understand the mechanisms behind cisplatin 
resistance, the expressions of MALAT1 and BRWD1 were examined in HeLa 
and C-33A cells. The results revealed that MALAT1 overexpression enhances 
cell proliferation and induces cisplatin resistance by interacting with apoptosis-
regulating molecules like BRWD1. Additionally, MALAT1 upregulation 
activates the PI3K/AKT signaling pathway, affecting apoptosis regulation. 
Therefore, MALAT1 contributes to cisplatin resistance in cervical cancer 
cells by disrupting apoptotic control [685]. Recent studies suggest that tar-
geting MALAT1 offers therapeutic potential in treating various human 
cancers [686, 687]. 
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2. METHODS 

2.1. Study design 

The retrospective cohort study of adult patients with cervical cancer was 
approved by the Kaunas Regional Biomedical Research Ethics Committee 
(No. BE-2-10 and P1-BE-2-10/2014, Supplementary Picture 1). All the 
patients were investigated at the Hospital of Lithuanian University of Health 
Sciences Kauno klinikos in Kaunas, Lithuania, from October 2014 to August 
2020. A total of 172 patients with stages I–IV cervical cancer were consecu-
tively enrolled, with their diagnoses confirmed through clinical (gynecolo-
gical and radiological examinations) and histological (cervical biopsies) 
assessments. The blood samples were collected from peripheral veins for 
further genetic testing. Cancer treatment was administered following institu-
tional guidelines and in accordance with international standards. The follow-
up period extended until November 2020. The research flow chart is pre-
sented in Figure 8. 

 
Figure 8. Study flow chart. 
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2.2. Patient inclusion and exclusion criteria 

Inclusion criteria: 
• Availability of complete data on clinicopathological characteristics. 
• Patient’s written consent to participate (Supplementary Figure 2). 
Exclusion criteria: 
• Presence of other malignancies. 
• Significant comorbidities. 
• Incomplete medical records, which were used to extract clinical and 

pathological features as well as details about the disease course. 

2.3. SNP selection 

Genotype information was derived from established online repositories, 
including The International HapMap Project (accessible at http://www. 
HapMap.org) and the 1000 Genomes Project (available at http://www.1000 
genomes.org). The criteria employed for the selection of Single Nucleotide 
Polymorphisms (SNPs) were comprehensive. These criteria involved the 
prerequisite that these SNPs had been previously identified in diverse 
populations, showcasing associations with the outcomes of various diseases 
as reported in scientific literature. Moreover, our analysis specifically 
targeted SNPs that had not been extensively investigated within the context 
of cervical cancer patients, thereby exploring new avenues of genetic inquiry. 
Additionally, SNPs under consideration were required to exhibit a minor 
allele frequency (MAF) of equal to or greater than 5% within the European 
population. This criterion was pivotal in ensuring that the selected SNPs had 
a sufficiently substantial presence to be statistically significant. Finally, we 
also considered the potential functional relevance of these SNPs, exploring 
whether they might be involved in regulating key biological processes. As a 
point of reference, Table 1 provides a comprehensive listing of the candidate 
SNPs, their locations, and MAF within the European population data from 
the 1000 Genomes Project Phase 3 database. 



71

 
71

 

Ta
bl

e 
1.

 S
N

Ps
 g

en
om

ic
 re

gi
on

, m
in

or
 a

lle
le

 fr
eq

ue
nc

y 
(M

AF
). 

C
hr

om
os

om
e/

ge
ne

 
SN

P 
G

en
om

ic
 p

os
iti

on
 in

 
ch

ro
m

os
om

e 
R

eg
io

n/
lo

ca
tio

n 
M

in
or

 a
lle

le
 fr

eq
ue

nc
y 

(M
A

F)
 (1

00
0 

G
en

om
es

) 
H

ig
he

st
 

po
pu

la
tio

n 
M

A
F:

 

Ch
r9

/T
LR

4 
A

lia
s s

ym
bo

ls:
 A

RM
D

10
, 

CD
28

4,
 T

O
LL

, h
To

ll 

rs
10

98
37

55
 

11
77

02
39

2 
(G

RC
h3

8)
 

12
04

64
67

0 
(G

RC
h3

7)
 

Pr
om

ot
er

, 5
’-U

TR
, i

nt
er

ge
ni

c 
va

ria
nt

, 
re

gu
la

to
ry

 re
gi

on
 v

ar
ia

nt
 

−2
08

1 
0.

07
 (A

) 
0.

31
 

rs
10

75
99

32
 

11
77

02
86

6 
(G

RC
h3

8)
 

12
04

65
14

4 
(G

RC
h3

7)
 

Pr
om

ot
er

, 5
’-U

TR
, i

nt
er

ge
ni

c 
va

ria
nt

 
−1

60
7 

0.
18

 (C
) 

0.
35

 

rs
11

53
68

65
 

11
77

03
74

5 
(G

RC
h3

8)
 

12
04

66
02

3 
(G

RC
h3

7)
 

Pr
om

ot
er

, 5
’-U

TR
, r

eg
ul

at
or

y 
 

re
gi

on
 v

ar
ia

nt
 

−7
29

 
0.

04
 (C

) 
0.

24
 

rs
49

86
79

0/
 

A
sp

29
9G

ly
 

11
77

13
02

4 
(G

RC
h3

8)
 

12
04

75
30

2 
(G

RC
h3

7)
 

Ex
on

, 3
′-U

TR
, m

iss
en

se
 v

ar
ia

nt
 

89
6 

0.
06

 (G
) 

0.
14

 

rs
49

86
79

1/
 

Th
r3

99
Ile

 
11

77
13

32
4 

(G
RC

h3
8)

 
12

04
75

60
2 

(G
RC

h3
7)

 
Ex

on
, 3

′-U
TR

, m
iss

en
se

 v
ar

ia
nt

 
11

96
 

0.
04

 (T
) 

0.
17

 

rs
11

53
68

97
 

11
77

17
73

2 
(G

RC
h3

8)
 

12
04

80
01

0 
(G

RC
h3

7)
 

3′
-U

TR
 

30
84

 
0.

04
 (A

) 
0.

11
 

rs
19

27
90

6 
11

77
17

83
7 

(G
RC

h3
8)

 
12

04
80

11
5 

(G
RC

h3
7)

 
3’

-U
TR

 
31

89
 

0.
21

 (C
) 

0.
49

 

rs
11

53
68

98
 

11
77

17
93

2 
(G

RC
h3

8)
 

12
04

80
21

0 
(G

RC
h3

7)
 

3’
-U

TR
 

32
84

 
0.

13
 (A

) 
0.

27
 

Ch
r2

1/
RR

P1
B 

A
lia

s s
ym

bo
ls:

 K
IA

A
01

79
, 

N
np

1,
 R

RP
1,

 P
PP

1R
13

6 

rs
28

38
34

2 
43

65
79

84
 (G

RC
h3

8)
 

45
07

78
65

 (G
RC

h3
7)

 
up

str
ea

m
 tr

an
sc

rip
t v

ar
ia

nt
,  

in
tro

n 
va

ria
nt

 
0.

42
 (G

) 
0.

50
 

rs
72

76
63

3 
43

65
89

19
 (G

RC
h3

8)
 

45
07

88
00

 (G
RC

h3
7)

 
up

str
ea

m
 v

ar
ia

nt
 

0.
42

 (C
) 

0.
49

 

rs
20

51
40

7 
43

65
93

64
 (G

RC
h3

8)
 

45
07

92
45

 (G
RC

h3
7)

 
up

str
ea

m
 v

ar
ia

nt
 

0.
37

 (T
) 

0.
42

 

rs
93

06
16

0 
43

68
76

81
 (G

RC
h3

8)
 

45
10

75
62

 (G
RC

h3
7)

 
m

iss
en

se
 v

ar
ia

nt
 

0.
38

 (T
) 

0.
44

 

rs
76

24
00

 
43

69
37

48
 (G

RC
h3

8)
 

45
11

36
29

 (G
RC

h3
7)

 
3′

-U
TR

 v
ar

ia
nt

 
0.

37
 (C

) 
0.

50
 



72

 
72

 

Ta
bl

e 
1.

 C
on

tin
ue

d.
 

C
hr

om
os

om
e/

ge
ne

 
SN

P 
G

en
om

ic
 p

os
iti

on
 in

 
ch

ro
m

os
om

e 
R

eg
io

n/
lo

ca
tio

n 
M

in
or

 a
lle

le
 fr

eq
ue

nc
y 

(M
A

F)
 (1

00
0 

G
en

om
es

) 
H

ig
he

st
 

po
pu

la
tio

n 
M

A
F:

 

Ch
r1

1/
SI

PA
1 

A
lia

s s
ym

bo
ls:

 S
PA

1 

rs
93

11
27

 
65

63
78

29
 (G

RC
h3

8)
 

65
40

53
00

 (G
RC

h3
7)

 
up

str
ea

m
 v

ar
ia

nt
 

0.
45

 (A
) 

0.
49

 

rs
37

41
37

8 
65

64
14

66
 (G

RC
h3

8)
 

65
40

89
37

 (G
RC

h3
7)

 
m

iss
en

se
 v

ar
ia

nt
 

0.
21

 (T
) 

0.
38

 

rs
74

64
29

 
65

64
99

63
 (G

RC
h3

8)
 

65
41

74
34

 (G
RC

h3
7)

 
sy

no
ny

m
ou

s v
ar

ia
nt

 
0.

24
 (A

) 
0.

48
 

Ch
r1

7/
SR

SF
1 

A
lia

s s
ym

bo
ls:

 A
SF

, 
M

G
C5

22
8,

 S
F2

, 
SF

2P
33

, S
F2

p3
3,

 
SR

p3
0a

 

rs
88

19
 

58
00

13
77

 (G
RC

h3
8)

 
56

07
87

38
 (G

RC
h3

7)
 

3′
-U

TR
 v

ar
ia

nt
, n

on
 c

od
in

g 
 

tra
ns

cr
ip

t v
ar

ia
nt

 
0.

23
 (T

) 
0.

49
 

rs
34

59
24

92
 

58
00

16
76

 (G
RC

h3
8)

 
56

07
90

37
 (G

RC
h3

7)
 

3′
-U

TR
 v

ar
ia

nt
, n

on
 c

od
in

g 
 

tra
ns

cr
ip

t v
ar

ia
nt

 
0.

07
 (C

) 
0.

20
 

rs
11

65
40

58
 

58
00

29
49

 (G
RC

h3
8)

 
56

08
03

10
 (G

RC
h3

7)
 

3′
-U

TR
 v

ar
ia

nt
, n

on
 c

od
in

g 
 

tra
ns

cr
ip

t v
ar

ia
nt

 
0.

06
 (C

) 
0.

14
 

rs
22

33
90

8 
58

00
78

96
 (G

RC
h3

8)
 

56
08

52
57

 (G
RC

h3
7)

 
up

str
ea

m
 tr

an
sc

rip
t v

ar
ia

nt
,  

2K
B 

up
str

ea
m

 v
ar

ia
nt

 
0.

24
 (A

) 
0.

47
 

rs
25

85
82

8 
58

00
90

02
 (G

RC
h3

8)
 

56
08

63
63

 (G
RC

h3
7)

 
2K

B 
up

str
ea

m
 v

ar
ia

nt
,  

up
str

ea
m

 tr
an

sc
rip

t v
ar

ia
nt

 
0.

23
 (C

) 
0.

49
 

Ch
r1

2/
H

O
TA

IR
 

A
lia

s s
ym

bo
ls:

  
H

O
X

A
S,

 H
O

X
C-

A
S4

,  
H

O
X

C1
1-

A
S1

, 
N

CR
N

A
00

07
2 

rs
12

82
67

86
 

53
96

17
17

 (G
RC

h3
8)

 
54

35
55

01
 (G

RC
h3

7)
 

re
gu

la
to

ry
 re

gi
on

 v
ar

ia
nt

 
0.

36
 (T

) 
0.

50
 

rs
79

58
90

4 
53

96
37

68
 (G

RC
h3

8)
 

54
35

75
52

 (G
RC

h3
7)

 
no

n 
co

di
ng

 tr
an

sc
rip

t  
ex

on
 v

ar
ia

nt
 

0.
48

 (C
) 

0.
49

 

rs
92

07
78

 
53

96
64

48
 (G

RC
h3

8)
 

54
36

02
32

 (G
RC

h3
7)

 
in

tro
n 

va
ria

nt
 

0.
44

 (G
) 

0.
49

 



73

 
73

 

Ta
bl

e 
1.

 C
on

tin
ue

d.
 

C
hr

om
os

om
e/

ge
ne

 
SN

P 
G

en
om

ic
 p

os
iti

on
 in

 
ch

ro
m

os
om

e 
R

eg
io

n/
lo

ca
tio

n 
M

in
or

 a
lle

le
 fr

eq
ue

nc
y 

(M
A

F)
 (1

00
0 

G
en

om
es

) 
H

ig
he

st
 

po
pu

la
tio

n 
M

A
F:

 

Ch
r1

1/
M

AL
AT

1 
A

lia
s s

ym
bo

ls:
 H

CN
, 

LI
N

C0
00

47
, M

A
LA

T-
1,

 
N

CR
N

A
00

04
7,

 N
EA

T2
, 

PR
O

10
73

, P
RO

28
53

, 
m

as
cR

N
A

 

rs
61

95
86

 
65

49
86

98
 (G

RC
h3

8)
 

65
26

61
69

 (G
RC

h3
7)

 
no

n 
co

di
ng

 tr
an

sc
rip

t  
ex

on
 v

ar
ia

nt
 

0.
07

 (G
) 

0.
20

 

rs
66

45
89

 
65

50
18

78
 (G

RC
h3

8)
 

65
26

93
49

 (G
RC

h3
7)

 
no

n 
co

di
ng

 tr
an

sc
rip

t  
ex

on
 v

ar
ia

nt
 

0.
07

 (G
) 

0.
20

 

rs
32

00
40

1 
65

50
43

61
 (G

RC
h3

8)
 

65
27

18
32

 (G
RC

h3
7)

 
sp

lic
e 

do
no

r r
eg

io
n 

va
ria

nt
 

0.
14

 (T
) 

0.
26

 

G
RC

h3
7 

an
d 

G
RC

h3
8 

ar
e 

hu
m

an
 g

en
om

e 
as

se
m

bl
ie

s v
er

sio
ns

 b
y 

th
e 

G
en

om
e 

Re
fe

re
nc

e 
Co

ns
or

tiu
m

.



74 74 

2.4. SNP genotyping 

The DNA extraction process involved the isolation of genetic material 
from leukocytes in peripheral venous blood samples, which were initially 
collected in ethylenediaminetetraacetate (EDTA) vacuum tubes and 
subsequently stored in a laboratory biobank at –20 ºC. Genomic DNA 
extraction was carried out utilizing a genomic DNA purification kit provided 
by Thermo Fisher Scientific Baltics, based in Vilnius, Lithuania. Genotyping 
of selected SNPs within the TLR4, RRP1B, SIPA1, SRSF1, HOTAIR, and 
MALAT1 genes was conducted at the Institute of Oncology, Lithuanian 
University of Health Sciences. This was achieved using TaqMan® probe SNP 
Genotyping Assays, also sourced from Thermo Fisher Scientific in Lithuania.  

Molecular genetic analyses were conducted using the Real-time polyme-
rase chain reaction (RT-PCR) method, designed to amplify specific DNA 
segments according to the established protocol.  

Reactions were performed into a total volume of 12 µL, including: 
6.125 µL of TaqMan Universal Master Mix, 0.625 µL of TaqMan SNP Geno-
typing Assays, 4.25 µL of nuclease-free water, 1 µL of DNA. For negative 
control nuclease-free H2O was used. The genotyping was performed with a 
QuantStudio 3 RealTime PCR System (Thermo Fisher Scientific, Cat. #A28137) 
with the following conditions: 95 °C for 10 minutes, 95 °C for 15 seconds, 
60 °C for 1 minute for 45 cycles. The results were analyzed using an Allelic 
discrimination plot according to VIC and FAM fluorescence intensity on the 
QuantStudio 3 Real-Time PCR System. 

2.5. Assessment of clinicopathological features  
and investigated associations 

All carcinoma cases were staged according to the guidelines set forth by 
the International Federation of Gynecology and Obstetrics (FIGO). Tumor 
grading was determined based on architectural and cytologic (nuclear) 
criteria. This analysis incorporated clinicopathological features, including 
age at the time of diagnosis, tumor size (T), lymph node involvement (N), 
metastasis spread (M), stage, degree of differentiation (G), response to treat-
ment, presence of disease progression, and patient mortality. 

In our comprehensive investigation, we delved into the potential inter-
connections between SNPs in the genotype and allelic models, and the intri-
cate landscape of tumor clinicopathological features. These attributes encom-
pass the patient’s age (categorized into age ≤ 50 and age > 50), the tumor’s 
size (distinguished as T1–T2 and T3–T4), the status of pathological regional 
lymph nodes (delineated as N0 and N1), the presence of distant metastasis 
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(defined by M0 or M1), the tumor’s grade (G1 + G2 or G3), the disease stage 
(categorized as stage I–II and stage III–IV), and the overall disease prognosis 
(specifically, the worse prognosis: T3–T4 + G3 vs. T1–T2 + G1–G2). Further-
more, the study extended its scrutiny to encompass clinical outcomes, speci-
fically progression-free survival (PFS) and overall survival (OS). Within the 
patient cohort, PFS was computed commencing from the date of diagnosis 
until the point of local disease spread or the occurrence of distant metastasis/ 
metastasis spread. In parallel, OS was calculated from the date of diagnosis 
to the date of the patient’s demise. 

2.6. Statistical analysis and software utilization 

The identified SNPs were subsequently integrated into a comprehensive 
statistical analysis, encompassing both genotype and allelic models. The sta-
tistical evaluation was carried out using SPSS version 25.0 (SPSS Inc., Chi-
cago, IL, USA). To investigate the associations between genotypes, alleles, 
and tumor characteristics, statistical tests, including Pearson’s Chi-square and 
Fisher’s Exact tests, were employed. In order to present a robust analysis, 
both univariate and multivariate models were adopted, with adjustments for 
age at the time of diagnosis and various cancer clinicopathological features. 
These models enabled the calculation of odds ratios along with their 
corresponding 95% confidence intervals (CIs) and p-values, using logistic 
regression. The analysis of differences in PFS and OS involved the per-
forming of hazard ratios (HRs) derived from univariate and multivariate Cox 
proportional hazard models. The survival curves were constructed and 
assessed employing the log-rank test, and the Kaplan-Meier method was used 
for generating these curves. Throughout the entirety of the analysis, a p-value 
less than 0.05 was deemed statistically significant. 

Haploview v4.1 software was utilized to assess linkage disequilibrium 
(LD) among SNPs and generate LD plots (available at http://www.broad.mit. 
edu/mpg/haploview/). Haplotypes were inferred from the analyzed SNPs 
using Bayesian methods through the Phase software v2.1 (Department of 
Statistics, University of Washington, Seattle, WA, USA) [688, 689]. Finally, 
we analyzed the associations of haplotypes with clinical manifestations of the 
disease and survival outcomes. These findings are instrumental in our quest 
to elucidate the potential genetic factors that may exert influence over these 
pivotal facets of the disease’s clinical intricacies. 
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3. RESULTS 

3.1. Clinical characteristics 

In the course of our investigation, the study cohort primarily comprised 
Lithuanian nationals, constituting 90.1% of the participants, with the remaining 
individuals originating from others European countries. The demographic 
profile of the subjects exhibited a broad spectrum of ages, spanning a consi-
derable range from 22 to 83 years. When the participants were diagnosed, 
their mean age stood at 55.4 years, with a standard deviation of 13.5 years, 
indicating the spectrum of ages represented in this study. An in-depth analysis 
of the tumor size dimensions unveiled a noteworthy predominance of the T2 
category, constituting 48.8% of the cases. Lymph node involvement was 
documented in 44.8% of the patient cohort. Furthermore, the study uncovered 
that metastasis to paraaortic lymph nodes was documented in 5.2% of the 
cases. Distant metastasis was detected in 10 cases, constituting 5.8% of the 
total. Cancer staging indicated that IIB and IIIC1 were the prevailing stages, 
representing 32.0% and 31.0% of the cases, respectively. This stratification 
also revealed that lower stages (I–II) accounted for 44.2% of the participants, 
while the more advanced stages (III–IV) encompassed 55.8% of the study 
population. Further scrutiny unveiled a distribution of tumor differentiation, 
with 7.6% classified as well-differentiated (G1), 65.7% as intermediate (G2), 
and 26.7% as poorly differentiated, thereby illustrating the heterogeneity of 
tumor grades within the study cohort. Regarding treatment, a significant ma-
jority of patients, amounting to 69.2%, undergoing standard chemoradiation 
therapy. The remaining participants underwent surgery followed by radio-
therapy or systemic treatment. Importantly, a substantial 70.3% of the patients 
exhibited a complete response to treatment, while 21.5% showed a partial 
response. A smaller segment, comprising 8.2%, exhibited either stable disease 
or progressive disease. Within the context of progression, the median progres-
sion-free survival (PFS) was calculated at 13 months, exhibiting a range 
spanning from a minimum of 1 month to an maximum of 201 months. Over 
the course of the follow-up period, disease progression was confirmed in 52 
cases, impacting 30.2% of the cohort. A substantial majority of those expe-
riencing progression exhibited localized advancement and metastasis in regio-
nal lymph nodes, affecting 51 patients, while an additional 18 cases demon-
strated progression in paraaortic lymph nodes. The disease also metastasized 
in sixteen patients. Regrettably, 40 events of death occurred during the follow-
up period, accounting for 23.3% of the cohort. The median overall survival 
(OS) spanned from 1 to 201 months, with the midpoint recorded at 16.5 months. 
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Notably, 45.9% of the patients had concurrent chronic diseases, yet the 
underlying cause of death in all cases was the relentless progression of cancer. 
Table 2 offers a comprehensive breakdown of clinicopathological features. 

Table 2. General clinicopathological characteristics and frequencies of 172 
study participants. 

Variables Subgroups Frequencies (count/%) 
Age groups (years) 
(mean ± SD: 55.4 ± 13.5) 

≥ 50 123/71.5% 
< 50 49/28.5% 

Histology Squamous 157/92.3% 
Non-squamous 15/8.7% 

Tumor size (T) T1A 1/0.6% 
T1B 25/14.6% 
T2A 4/2.3% 
T2B 80/46.5% 
T3A 13/7.6% 
T3B 38/22.1% 
T3C 4/2.3% 
T4A 4/2.3% 
T4B 3/1.7% 

Tumor size (groups) T1–T2 110/63.9% 
T3–T4 62/36.1% 

Pathological regional lymph 
nodes status 

N0 95/55.2% 
N1 77/44.8% 

Paraaortic lymph node metastasis 
present 

No 163/94.8% 
Yes 9/5.2% 

Distant metastasis M0 162/94.2% 
M1 10/5.8% 

Stage IA 1/0.6% 
IB 15/8.7% 
IIA 5/2.9% 
IIB 55/32.0% 
IIIA 9/5.2% 
IIIB 12/7.0% 
IIIC1 53/31.0% 
IIIC2 9/5.2% 
IVA 3/1.7% 
IVB 10/5.8% 

Stage (groups) I–II 76/44.2% 
III–IV 96/55.8% 

Grade 1 13/7.6% 
2 113/65.7% 
3 46/26.7% 
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Table 2. Continued. 
Variables Subgroups Frequencies (count/%) 

Disease progression No 120/69.8% 
Yes 52/30.2% 

Death No 132/76.7% 
Yes 40/23.3% 

T1 + T2 – smaller tumor size; T3 + T4 – larger tumor size; N0 – no regional lymph node 
metastasis; N1 – positive regional lymph node metastasis; M0 – no distant metastasis; M1 – 
positive distant metastasis; G1–G2 – well and moderately differentiated tumor; G3 – poorly 
differentiated tumor; stage I–II – lower stages; stage III–IV – advanced stages. 

3.2. SNP frequencies 

In our study, a total of 172 patients underwent genotyping for a set of 
eight SNPs in the TLR4 gene (rs10983755, rs10759932, rs11536865, 
rs4986790, rs4986791, rs11536897, rs1927906, and rs11536898), five in 
RRP1B (rs2838342, rs7276633, rs2051407, rs9306160, and rs762400), three 
in SIPA1 (rs746429, rs931127, and rs3741378), five in SRSF1 (rs8819, 
rs34592492, rs11654058, rs2233908, and rs2585828), three in HOTAIR 
(rs12826786, rs7958904, and rs920778), and three in MALAT1 (rs619586, 
rs664589, and rs3200401). Among these, the RRP1B SNP rs9306160 was 
identified in 169 cases, with three cases excluded due to non-amplification. 
It is noteworthy that almost all of the SNPs examined were found to be in 
accordance with Hardy-Weinberg equilibrium, as indicated by p-values 
exceeding 0.05. However, TLR4 rs619586 showed a strong deviation from 
the expected frequencies under Hardy-Weinberg equilibrium, particularly 
with a complete absence of the C allele. However, we decided to include 
those SNPs in association analyses. 

Upon comparing the allele frequencies determined within our cohort to 
those of the European population data from the 1000 Genomes Project, we 
detected slight, yet statistically not significant, disparities in the minor allele 
frequencies (MAF) for twenty-six of the SNPs, with p-values > 0.05. It should 
be noted that the allele distribution in our sample differs significantly from 
the European population data in the case of SRSF1 SNP rs746429 (p < 0.05), 
likely due to our sample consisting of cancer patients. Comprehensive details 
regarding genotype and allele frequencies can be found in Table 3. 
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3.3. Linkage disequilibrium and haplotypes distribution 

In our analysis of linkage disequilibrium (LD) among the SNPs in the 
TLR4, RRP1B, SIPA1, SRSF1, HOTAIR, and MALAT1 genes, we calculated 
two commonly used measures: D' and r². 

3.3.1. TLR4 gene 
The combination of numerical data and color coding in Figure 9 provides 

a comprehensive overview of the LD structure among TLR4 SNPs. This 
analysis is crucial for understanding the genetic architecture of the TLR4 
gene, as well as its potential implications in disease susceptibility and pheno-
typic variation. LD measure D' (a): D' values range from 0 to 1, with values 
closer to 1 indicating a higher level of linkage disequilibrium due to minimal 
recombination between the SNPs. The color gradient used in the figure for D' 
provides a visual assessment of the recombination frequency between SNP 
pairs. Darker shades indicate higher D' values, suggesting that the SNPs are 
closely linked and likely to be inherited together. Note that D' values of 1.0 
are not depicted in the figure; the corresponding boxes are left empty. LD 
measure r² (b): The r² values also range from 0 to 1, where a value closer to 1 
indicates a stronger correlation between alleles at two loci. In the figure, 
darker shades represent higher r² values, highlighting SNP pairs with the 
strongest linkage disequilibrium. This visualization helps identify regions 
where alleles are more likely to be inherited together, which could be signi-
ficant for understanding genetic linkage and identifying potential areas of 
interest for further genetic studies. Figure 9 also provides insight into LD 
Block 1 within the TLR4 gene. The algorithm used to identify LD blocks is 
based on the method described by Gabriel et al. [690]. This approach gene-
rates 95% confidence bounds on D' values, classifying each comparison as 
‘strong LD’ when the confidence bounds suggest minimal recombination 
between SNPs. LD blocks are defined as regions where SNPs exhibit high 
linkage disequilibrium with each other, indicating that these regions are likely 
inherited together due to low recombination rates. D' values within this block 
are consistently high, ranging from 0.95 to 1.0, suggesting minimal recom-
bination. Additionally, r² values within this block range from 0.6 to 0.95, 
reflecting moderate to strong linkage disequilibrium. 

Table 4 presents the frequencies of different TLR4 haplotypes based on 
the SNPs rs4986790, rs4986791, and rs1927906. The “ACT” haplotype was 
the most common, observed in 304 chromosomes, accounting for 88.37% of 
the total haplotypes. Its high frequency suggests that “ACT” is the predo-
minant haplotype in the studied population. The “ACT” haplotype was less 
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common, with 14 occurrences, representing 4.07% of the total. The “ATC” 
haplotype was extremely rare, observed only once, constituting 0.29% of the 
total. Its rarity indicates it has a minimal impact on the overall genetic makeup 
of the population. The “GTC” haplotype was present in 25 chromosomes, 
making up 7.27% of the total haplotypes. Although less common than 
“ACT”, it is more frequent than “ATC” and “ACC”. For further analysis of 
associations, we focused on the most common haplotype observed in our 
study, namely “ACT”. 

 
Figure 9. The LD data for TLR4 single nucleotide polymorphisms  

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for TLR4 polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D', with dark red representing strong 
LD; (b) The color LD plot indicates the strength of r2, with dark grey representing strong 
LD. 

Table 4. TLR4 haplotypes and their frequencies. 
Haplotype 

number 
rs4986790 rs4986791 rs1927906 

haplotypes 
Chromosomes 

(counts) 
Frequencies  

(%) 
1 ACT 304 88.37 
2 ACC 14 4.07 
3 ATC 1 0.29 
4 GTC 25 7.27 

Four haplotypes were generated from the analyzed SNPs hrough the Phase software v2.1. 
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3.3.2. RRP1B gene 
For D', the mean value was approximately 0.949 ± 0.037, indicating a 

relatively strong LD on average. The range of D' values varied from a mini-
mum of 0.907 to a maximum of 0.987. Similarly, for r2, the mean value was 
approximately 0.802 ± 0.065, suggesting a moderate to high degree of LD on 
average. The range of r2 values spanned from a minimum of 0.761 to a maxi-
mum of 0.953 (Figure 10). These findings provide insights into the patterns 
of LD within the RRP1B gene, highlighting regions of potential genetic 
linkage and association. Based on the calculated mean values and the range 
of D' and r2 values, it appears that there is a significant level of linkage dise-
quilibrium (LD) among the SNPs in the RRP1B gene. The mean values for 
both D' and linkage disequilibrium r2 indicate a relatively strong LD on 
average, and the range of values suggests consistency in LD across the 
analyzed SNPs. Therefore, it would be reasonable to conclude that LD 
between these SNPs in the RRP1B gene is indeed strong. Given the observed 
strong linkage disequilibrium (LD) among the SNPs within the RRP1B gene, 
it was decided to include all five SNPs in haplotype analysis. This decision 
was based on the premise that SNPs in strong LD tend to be inherited together 
as haplotype blocks, allowing for a more comprehensive understanding of the 
genetic variations within this genomic region. By analyzing haplotypes 
constructed from these SNPs, we aimed to capture the collective influence of 
genetic variations on phenotypic traits or disease susceptibility, thereby 
enhancing the depth of our genetic investigation.  

The results revealed a variety of haplotypes present among the tested 
individuals. Thirteen haplotypes were identified (Table 5). Among the identi-
fied haplotypes, the most prevalent was “ATCCG”, accounting for approxi-
mately 55% of the total haplotypes observed. Following closely behind, 
“GCTTC” constituted around 36% of the haplotypes. Other haplotypes, such 
as “ATCTG”, “ATCTC”, “GCCTG”, etc., were observed at lower frequen-
cies, each comprising less than 10% of the total haplotypes. The diversity in 
haplotype composition suggests genetic variability within the RRP1B gene 
region among the studied population. Understanding the distribution of these 
haplotypes can provide valuable insights into genetic susceptibility, disease 
association, and population genetics within the context of our research 
objectives.  

For further analysis of associations, we focused on the two most common 
haplotypes observed in our study, namely “ATCCG” and “GCTTC”. 
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Figure 10. The LD data for RRP1B single nucleotide polymorphisms 

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for RRP1B polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D′, with dark red representing strong 
LD; (b) The color LD plot indicates the strength of r2, with dark grey representing strong 
LD. 

Table 5. RRP1B haplotypes and their frequencies. 
Haplotype 

number 
rs2838342 rs7276633 rs2051407 
rs9306160 rs762400 haplotypes 

Chromosomes 
(counts) 

Frequencies 
(%) 

1 ATCCG 190 55.23 
2 ATCTG 5 1.45 
3 ATCTC 2 0.58 
4 ATTCG 1 0.29 
5 ACCCG 2 0.58 
6 GTCCG 1 0.29 
7 GTTTC 1 0.29 
8 GCCCG 4 1.16 
9 GCCTG 5 1.45 
10 GCCTC 1 0.29 
11 GCTCG 6 1.74 
12 GCTCC 2 0.58 
13 GCTTC 124 36.05 

Thirteen haplotypes were generated from the analyzed SNPs through the Phase software v2.1. 

  

a ba b
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3.3.3. SIPA1 gene 
Figure 11 shows that D' values ranged from a minimum of 0.774 to a 

maximum of 1.0. In contrast, r² values spanned from 0.331 to 0.953. A high 
D' with a low r² may suggest that, although the alleles are strongly associated, 
the overall variance in allele frequencies is low, resulting in a weak correla-
tion. Blocks with haplotypes were not identified and were not used for further 
analysis. 

 
Figure 11. The LD data for SIPA1 single nucleotide polymorphisms 

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for SIPA1 polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D', with shades of red representing 
moderate to strong linkage disequilibrium (LD); (b) The color LD plot indicates the strength 
of r2, with light grey representing weak linkage disequilibrium (LD). 

3.3.4. SRSF1 gene 
Figure 12 shows that D' values varied from 0.922 to 1.0, while r2 values 

ranged from 0.005 to 1.0. The block was composed of four SNPs (rs8819, 
rs11654058, rs2233908, rs2585828). Table 6 reveals that five distinct haplo-
types were detected for the SRSF1 gene based on these SNPs. Among these 
haplotypes, one was notably prevalent. 

Haplotype “CTGA” was the most common, observed in 290 chromo-
somes, which accounts for 84.30% of the total haplotypes. Its high frequency 
indicates that “CTGA” is the predominant haplotype in the population. 
Haplotype “TCAG” was less frequent, found in 34 chromosomes, repre-
senting 9.89% of the total. Although less common than “CTGA”, “TCAG” 
still comprises a significant portion of the genetic makeup. 
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The remaining haplotypes – “CTAG”, “TTGA”, and “TTAG” – were 
much less frequent, with “CTAG” and “TTGA” each occurring only once 
(0.29% of the total) and “TTAG” appearing in 18 chromosomes (5.23%). 
This distribution underscores the dominance of “CTGA” in the population, 
with a notable presence of “TCAG”, while the rarer haplotypes contribute 
minimally to the overall genetic diversity. 

For further analysis, we used the most common haplotype, “CTGA”. 

 
Figure 12. The LD data for SRSF1 single nucleotide polymorphisms 

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for SRSF1 polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D', with dark red representing strong 
linkage disequilibrium (LD). White indicates a low logarithm of the odds (LOD < 2), 
suggesting weak evidence for linkage; (b) The color LD plot indicates the strength of r2, with 
white representing weak linkage disequilibrium (LD) and shades of grey and black repre-
senting moderate to strong LD. 

Table 6. SRSF1 haplotypes and their frequencies. 
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The remaining haplotypes – “CTAG”, “TTGA”, and “TTAG” – were 
much less frequent, with “CTAG” and “TTGA” each occurring only once 
(0.29% of the total) and “TTAG” appearing in 18 chromosomes (5.23%). 
This distribution underscores the dominance of “CTGA” in the population, 
with a notable presence of “TCAG”, while the rarer haplotypes contribute 
minimally to the overall genetic diversity. 

For further analysis, we used the most common haplotype, “CTGA”. 
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3.3.5. HOTAIR gene 
Analyzing LD between three HOTAIR gene SNPs (rs12826786, 

rs7958904, rs920778), strong linkage disequilibrium (LD) was detected. 
D' values varied from 0.972 to 1.0, and r2 values ranged from 0.812 to 0.988. 
The block was composed of all three SNPs. LD plots are represented in 
Figure 13. 

Table 7 presents the frequencies of different HOTAIR haplotypes based 
on the SNPs rs12826786, rs7958904, and rs920778. Among the seven 
identified haplotypes, two were notably prevalent. Haplotype “CGA” was the 
most common, observed in 123 chromosomes, accounting for 35.76% of the 
total haplotypes. Its high frequency suggests that “CGA” is the predominant 
haplotype in the population. The second most frequent haplotype, “CGG”, 
was found in 88 chromosomes, representing 25.58% of the total. It also plays 
a significant role in the genetic makeup. 

The remaining haplotypes – “TCA”, “TCG”, “CCA”, “TGA”, and 
“CCG” – were less frequent, varying from 0.29% to 21.51%, respectively. 

This distribution underscores the dominance of “CGA” and “CGG” 
haplotypes in the population, with the other haplotypes contributing to the 
overall genetic diversity. These haplotypes were utilized in further analysis. 

 
Figure 13. The LD data for HOTAIR single nucleotide polymorphisms 

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for HOTAIR polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D′, with dark red representing strong 
LD; (b) The color LD plot indicates the strength of r2, with dark grey representing strong 
LD. 
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Table 7. HOTAIR haplotypes and their frequencies. 
Haplotype 

number 
rs12826786 rs7958904 rs920778 

haplotypes 
Chromosomes 

(counts) 
Frequencies 

(%) 
1 CGG 88 25.58 
2 CGA 123 35.76 
3 CCG 1 0.29 
4 CCA 13 3.78 
5 TGA 2 0.58 
6 TCG 43 12.50 
7 TCA 74 21.51 

Seven haplotypes were generated from the analyzed SNPs hrough the Phase software v2.1. 

3.3.6. MALAT1 gene 
Figure 14 represents LD between three SNPs in the MALAT1 gene, 

which were identified as weak. D' values ranged from 0.653 to 1.0, while r2 
values ranged from 0.004 to 0.383. Haplotype blocks were not identified and, 
therefore, were not used for further analysis. 

 
Figure 14. The LD data for MALAT1 single nucleotide polymorphisms 

includes numerical values and color coding for both r2 and D′, providing 
insights into the linkage disequilibrium. 

Pairwise linkage disequilibrium (LD) pattern for MALAT1 polymorphisms in cervical cancer 
patients. (a) The color LD plot indicates the strength of D', with light red representing 
moderate linkage disequilibrium (LD). Bright blue indicates a low logarithm of the odds 
(LOD < 2), suggesting weak evidence for linkage; (b) The color LD plot indicates the 
strength of r2, with white and bright grey representing week LD. 
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3.4. Association analysis 

3.4.1. TLR4 gene 
3.4.1.1. TLR4 gene: focus on SNPs rs10759932, rs1927906, 
rs11536865, rs10983755, rs4986790, rs4986791, and rs11536897 
In our study, we analyzed potential interactions between SNPs and tumor 

clinicopathological features. However, no statistically significant correlations 
were found between rs10759932, rs1927906, rs11536865, rs10983755, 
rs4986790, rs4986791, rs11536897, and tumor size, node status, metastases, 
tumor cell differentiation, stage, or prognosis using logistic regression. Addi-
tionally, none of the analyzed polymorphisms were related to the patients’ age 
at diagnosis (p > 0.05). All the results represented in Supplementary Table 1 
and Supplementary Table 2. 

3.4.2.1. TLR4 gene: focus on SNP rs11536898 
However, no statistically significant correlations between rs11536898 

and tumor size, nodal status, tumor cell differentiation, stage, prognosis, or 
patient age were found using logistic regression. Nevertheless, we detected a 
significant association between SNP rs11536898 and metastasis (M). 
Carrying the A allele significantly increased the likelihood of having meta-
stasis (OR = 5.068, 95% CI: 1.357–18.918, p = 0.008). This finding was 
partially corroborated by the genotype model, as patients with the CA geno-
type had a 4.735 times higher risk of distal metastases compared to patients 
with the CC genotype (95% CI: 1.204–18.626, p = 0.026). It is important to 
note that only five patients with the AA genotype were identified in our study, 
which may have influenced the p-value in this comparison. 

Furthermore, the multivariate logistic regression analysis confirmed the 
significant link between rs11536898 and metastasis. In the multivariate ana-
lysis (Model No. 1), the CA genotype significantly increased the risk of meta-
stasis (OR = 4.609, 95% CI: 1.166–18.212, p = 0.029), and the A allele 
increased the risk of metastasis (OR = 5.044, 95% CI: 1.346–18.899, p = 
0.016) when adjusted for patient age at diagnosis. This relationship remained 
statistically significant when adjusted for both age at diagnosis and tumor 
differentiation (G) (Model No. 2): the CA genotype significantly increased 
the risk of metastasis (OR = 4.419, 95% CI: 1.111–17.576, p = 0.035), and 
the A allele increased the risk of metastasis (OR = 4.884, 95% CI: 1.297–
18.392, p = 0.019). 

We did not include tumor size and nodal status in the multivariate models 
due to complete data separation. All results are detailed in Table 8, Supple-
mentary Table 1, and Supplementary Table 2. 
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3.4.2. RRP1B gene 
All the examined polymorphisms exhibited statistically significant 

associations with the clinical manifestations of cervical cancer. However, we 
did not find any statistically significant associations between SNPs and nodal 
involvement or tumor differentiation. On the other hand, all the polymor-
phisms were linked to tumor size or metastasis. Furthermore, some of them 
appeared to influence cancer stage and prognosis. The tabulated results 
furnish us with a trove of statistical insights. This meticulous analysis unveils 
the intriguing associations between specific SNPs and an array of vital tumor 
characteristics, offering a multifaceted perspective on the clinical attributes 
of cervical. 

3.4.2.1. RRP1B gene: focus on SNP rs2838342 
The analysis of SNP rs2838342 yielded noteworthy results. According to 

the univariate logistic regression analysis, individuals with the presence of 
the A allele (A allele+) exhibited a significantly lower odds ratio (OR) of 
0.281 (95% CI: 0.122–0.643, p = 0.002) for advanced tumor size (T3–T4) 
when compared to those with its absence (A−), indicating a significantly 
reduced likelihood of advanced tumor size (T3–T4). In the multivariate 
logistic regression analyses across four models, the A allele was consistently 
associated with significantly lower odds of larger tumor size, with an OR of 
0.280 (95% CI: 0.122–0.643, p = 0.003) in the presence of patient age at 
diagnosis (Model No. 1). Model No. 2 introduced additional covariates (age 
at diagnosis and tumor differentiation grade) and continued to demonstrate a 
consistent association between rs2838342 and the tumor size (OR = 0.299, 
95% CI: 0.129–0.692, p = 0.005). However, a possible trend emerged where 
G3 was associated with higher odds of larger tumor size (OR = 1.991, 95% 
CI: 0.978–4.051, p = 0.058). Model No. 3 expanded the analysis to include 
the presence of regional lymph node involvement (N1 vs. N0). In this model, 
rs2838342 remained associated with tumor size (OR = 0.244, 95% CI: 0.096–
0.619, p = 0.003), but the addition of N1 as a covariate substantially increased 
the odds of larger tumor size (OR = 7.367, 95% CI: 3.347–16.217, p < 0.001). 
Model No. 4 further extended the analysis to consider the presence of distant 
metastasis (M1 vs. M0), further supporting a significant relationship (OR = 
0.266, 95% CI: 0.102–0.691, p = 0.007). Throughout all these models, the 
association between rs2838342 and tumor size persisted. In summary, these 
multivariate logistic regression analyses, while adjusting for covariates, 
reveal a robust and consistent association between the presence of at least one 
A allele and a lower risk of larger tumor size. In genotypic models, the GG 
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genotype showed an increased odds ratio of 2.160 (95% CI: 0.867–5.380). 
Nevertheless, this difference did not reach statistical significance (p = 0.098). 

The univariate logistic regression analysis revealed that the A allele 
significantly reduced the odds of having distant metastasis (OR = 0.274, 95% 
CI: 0.072–1.040, p = 0.044). Conversely, when comparing the presence of at 
least one G allele to having none (G allele+ vs. G–), the OR was 1.199, 
indicating slightly higher odds of having distant metastasis. However, this 
association was not statistically significant (p = 0.798). Across all multiva-
riate models for the A allele+ vs. A− comparison, when adjusting for age, G, 
N, and tumor size, the OR suggests a potential protective effect of the A allele 
in reducing the risk of distant metastasis. Unfortunately, statistical signifi-
cance was limited (all cases p-value > 0.05). These results provide prelimi-
nary evidence that the A allele of rs2838342 might play a protective role 
against the development of distant metastasis. 

In the analysis, focused on a worse prognosis group, characterized by 
T3–T4 tumor stages and the G3 tumor grade, the A allele of rs2838342 
significantly reduces the likelihood of a worse prognosis (T3–T4 + G3) com-
pared to those with its absence (A–), with an OR of 0.182. The 95% CI spans 
from 0.061 to 0.538, and the p-value is a strikingly low 0.002. The GG 
genotype of rs2838342 presents a notably high OR (3.000) for a worse 
prognosis (T3–T4 + G3) when compared to the AA genotype. Although the 
p-value (0.071) suggests a potential association, it did not reach conventional 
significance levels. Similarly, the G allele of rs2838342 does not significantly 
impact the likelihood of a worse prognosis, as reflected in the wide 95% CI 
from 0.274 to 1.847 and a p-value of 0.485. 

While the genotypes did not show a significant association in the 
comparison of positive stages III–IV vs. stages I–II, allelic comparisons 
provided additional insights. The A allele demonstrated a substantially lower 
odds ratio (OR = 0.341, 95% CI = 0.137–0.849, p = 0.017), suggesting a 
potential protective effect in the context of advanced cancer stages. 
Conversely, the G allele did not exhibit a statistically significant association 
(p = 0.239). 

When considering age as a dichotomous variable (≤ 50 vs. > 50 years), 
those carrying the AG genotype had a reduced risk of developing cervical 
cancer before the age of 50 (OR = 0.471, 95% CI: 0.226–0.983, p = 0.045). 

These findings underscore the potential relevance of the rs2838342 SNP 
in influencing the progression and severity of cervical cancer, particularly in 
the transition from early to advanced stages. The protective effect associated 
with specific genotypes and alleles implies a potential role for rs2838342 as 
a prognostic marker in cervical cancer patients. All the results are presented 
in Tables 9, Table 10, Supplementary Table 3, and Supplementary Table 4.
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3.4.2.2. RRP1B gene: focus on SNP rs7276633 
The carriers of the T allele in rs7276633 were significantly associated 

with a decreased risk of falling into the higher tumor size category (T3–T4), 
with an odds ratio (OR) of 0.281 (95% CI = 0.122–0.643, p = 0.003). Moving 
on to the multivariate logistic regression analysis, the findings remain 
consistent across all four models. In multivariate Model No. 1, the presence 
of the T allele (+) is significantly associated with a reduced risk of having a 
higher tumor size compared to the absence of the T allele (−). This association 
is statistically significant with an odds ratio (OR) of 0.280 and a 95% 
confidence interval (CI) of 0.122–0.643 (p = 0.003). This association persists 
in Model No. 2, demonstrating a significant reduction in the odds of higher 
tumor size (OR = 0.299, 95% CI: 0.129–0.692, p = 0.005). Models No. 3 and 
4 also support this finding, with ORs of 0.277 and 0.264 (95% CI: 0.125–
0.708, p = 0.003; 95% CI: 0.147–0.893, p = 0.007, respectively). Conversely, 
the C allele of rs7276633 did not exhibit a significant association with tumor 
size (p = 0.145). Otherwise, the trend of the CC genotype compared to the TT 
genotype showing an increased risk of higher tumor size remained consistent 
across all models, although this association was non-significant. 

Patients with the presence of the T allele (+) were significantly associated 
with a reduced risk of higher tumor stage (III–IV) (OR = 0.341, 95% CI: 
0.137–0.849, p = 0.021) and worse prognosis (T3–T4 + G3) (OR = 0.182, 
95% CI: 0.061–0.538, p = 0.002), while the C allele did not exhibit significant 
associations with the parameters studied. In conclusion, these findings imply 
that the T allele of rs7276633 might confer a protective effect against 
advanced tumor size and prognosis. Moreover, carriers of the C allele were 
at a higher risk of developing the disease at an age younger than 50 years 
(OR = 2.138, 95% CI: 1.080–4.230, p = 0.029). The results are presented in 
Tables 10 and 11, Supplementary Table 3, and Supplementary Table 4. 
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3.4.2.3. RRP1B gene: focus on SNP rs2051407 
There were no significant associations between genotypes and clinico-

pathomorphological features. However, the presence of the C allele (+) was 
associated with a decreased risk of having a larger tumor (T3–T4) compared 
to those without the C allele (C–) (OR 0.393, 95% CI: 0.166–0.929, p = 
0.033). This association was consistent and statistically significant across 
three multivariate analysis models, when the adjustment of age and tumor 
clinicopthatological features was made (Model No. 1: OR 0.392, 95% CI: 
0.166–0.928, p = 0.033; Model No. 2: OR 0.414, 95% CI: 0.173–0.992, p = 
0.048; Model No. 3: OR 0.354, 95% CI: 0.134–0.930, p = 0.035, respecti-
vely). But Model No.4 shows that the association did not reach statistical 
significance (OR 0.409, 95% CI: 0.149–1.123, p = 0.083). 

In the univariate logistic regression analysis, investigating the associa-
tion between alleles and metastasis, carrying the C allele significantly decrea-
sed the chance of having metastasis, with an OR of 0.223 (95% CI: 0.058–
0.858) and a p-value of 0.019. These findings suggest that the presence of the 
C allele may serve as a protective factor against metastasis. In multivariate 
analysis, Models No. 1, 2, and 3 showed a consistent association between the 
presence of the C allele and a reduced risk of metastasis (p = 0.030, p = 0.038, 
p = 0.037, respectively). However, Model No. 4 did not yield significant 
results for this polymorphism, when the adjustment of age, G, N, and T was 
made. Tumor stage (T3–T4) was consistently identified as a significant pre-
dictor of metastasis in all models. 

The presence of the C allele was associated with a significantly reduced 
risk of transitioning to a worse prognosis disease (T3–T4 + G3), as evidenced 
by an OR of 0.267 (95% CI: 0.087–0.823, p = 0.021), suggesting that it may 
serve as a protective factor. These findings highlight the potential influence 
of this SNP on the expected prognosis of the disease. The results are presented 
in Tables 10 and 12, Supplementary Table 3, and Supplementary Table 4. 



100

 
10

0 

Ta
bl

e 1
2.

 U
ni

va
ri

at
e a

nd
 m

ul
tiv

ar
ia

te
 lo

gi
st

ic
 re

gr
es

si
on

 a
na

ly
se

s w
er

e c
on

du
ct

ed
 fo

r r
s2

05
14

07
, a

dj
us

tin
g 

fo
r a

lle
le

s 
an

d 
cl

in
ic

op
at

ho
lo

gi
ca

l c
ha

ra
ct

er
is

tic
s, 

w
ith

 a
 fo

cu
s o

n 
tu

m
or

 si
ze

 a
nd

 m
et

as
ta

si
s. 

SNP 

Dependent 

C
ov

ar
ia

te
s 

U
ni

va
ri

at
e 

M
ul

tiv
ar

ia
te

 
M

od
el

 N
o.

 1
 

M
od

el
 N

o.
 2

 
M

od
el

 N
o.

 3
 

M
od

el
 N

o.
 4

 

O
R

 
95

%
 

C
I 

p-
va

lu
e 

O
R

 
95

%
 

C
I 

p-
va

lu
e 

O
R

 
95

%
 

C
I 

p-
va

lu
e 

O
R

 
95

%
 

C
I 

p-
va

lu
e 

O
R

 
95

%
 

C
I 

p-
va

lu
e 

rs2051407 

Positive T3–T4 

C 
al

le
le

+ 
vs

. 
C–

 
0.

39
3 

0.
16

6–
0.

92
9 

0.
03

3 
0.

39
2 

0.
16

6–
0.

92
8 

0.
03

3 
0.

41
4 

0.
17

3–
0.

99
2 

0.
04

8 
0.

35
4 

0.
13

4–
0.

93
0 

0.
03

5 
0.

40
9 

0.
14

9–
1.

12
3 

0.
08

3 

A
ge

 (y
ea

rs
) 

 
 

 
1.

00
2 

0.
97

8–
1.

02
5 

0.
89

0 
1.

00
3 

0.
97

9–
1.

02
7 

0.
82

0 
1.

02
8 

1.
00

0–
1.

05
7 

0.
05

2 
1.

02
7 

0.
00

0–
1.

05
5 

0.
06

0 

Po
sit

iv
e 

G
3 

vs
. 

G
1 

+ 
G

2 
 

 
 

 
 

 
2.

06
7 

1.
02

7–
4.

16
1 

0.
04

2 
1.

88
5 

0.
87

7–
4.

05
0 

0.
10

4 
1.

80
3 

0.
82

7–
3.

92
8 

0.
13

8 

Po
sit

iv
e 

N
1 

vs
. 

N
0 

 
 

 
 

 
 

 
 

 
6.

99
3 

3.
23

3–
15

.1
25

 < 
0.

00
1 

5.
79

5 
2.

63
9–

12
.7

26
 

< 
0.

00
1 

Po
sit

iv
e 

M
1 

vs
. 

M
0 

 
 

 
 

 
 

 
 

 
 

 
 

6.
11

6 
0.

71
3–

52
.4

93
 

0.
09

9 

rs2051407 

Positive M 

C 
al

le
le

 +
 v

s. 
C–

 
0.

22
3 

0.
05

8–
0.

85
8 

0.
01

9 
0.

22
3 

0.
05

8–
0.

86
3 

0.
03

0 
0.

23
6 

0.
06

0–
0.

92
0 

0.
03

8 
0.

20
9 

0.
04

8–
0.

91
3 

0.
03

7 
0.

35
5 

0.
08

3–
1.

51
0 

0.
35

5 

A
ge

 (y
ea

rs
) 

 
 

 
0.

97
9 

0.
93

1–
1.

02
9 

0.
40

3 
0.

98
0 

0.
93

2–
1.

03
1 

0.
43

2 
1.

00
7 

0.
95

7–
1.

05
9 

0.
80

1 
0.

97
9 

0.
92

6–
1.

03
4 

0.
44

3 

Po
sit

iv
e 

G
3 

vs
. 

G
1 

+ 
G

2 
 

 
 

 
 

 
1.

62
7 

0.
42

1–
6.

28
5 

0.
48

0 
1.

30
7 

0.
31

5–
5.

42
9 

0.
71

2 
1.

08
8 

0.
26

2–
4.

51
4 

0.
90

8 

Po
sit

iv
e 

N
1 

vs
. 

N
0 

 
 

 
 

 
 

 
 

 
0.

00
0 

0.
00

0 
0.

99
6 

0.
00

0 
0.

00
0 

0.
99

6 

Po
sit

iv
e T

3–
T4

 
 

 
 

 
 

 
 

 
 

 
 

 
15

.4
75

 
1.

85
2–

12
9.

31
4 

0.
01

1 

Bo
ld

ed
 p

-v
al

ue
s i

nd
ic

at
e 

sta
tis

tic
al

 si
gn

ifi
ca

nc
e 

(p
 <

 0
.0

5)
. 



101 101 

3.4.2.4. RRP1B gene: focus on SNP rs9306160 
The analysis suggests that the rs9306160 SNP may have a significant 

protective effect against metastasis, as indicated by the statistically significant 
result for the C allele (+) (OR = 0.179, 95% CI: 0.044–0.721, p = 0.008). 
There was no significant association between the CT genotype and the 
presence of metastasis. However, for the TT genotype compared to CC, the 
OR was 5.889 (95% CI: 0.993–34.906) with a p-value close to the signifi-
cance threshold at 0.051. This implies a potential trend towards an increased 
risk of metastasis for the TT genotype. In the multivariate logistic regression 
analysis for metastasis (M), Model No. 1 showed that the presence of the C 
allele (+) significantly reduced risk of metastasis (OR = 0.187, 95% CI: 
0.046–0.760, p = 0.019). Model No. 2 continued to show a protective effect 
the C allele (+) with an OR of 0.166 (95% CI: 0.039–0.702, p = 0.015). In 
Model No. 3 the C allele (+) still exhibited a protective effect (OR = 0.151, 
95% CI: 0.032–0.717, p = 0.017). This confirms the significantly reduced risk 
of metastasis associated with the C allele. However, in Model No. 4, the 
protective effect is not statistically significant, while there is a protective 
trend. The results are presented in Table 13, Supplementary Table 3, and 
Supplementary Table 4. 
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3.4.2.5. RRP1B gene: focus on SNP rs762400 
This SNP also showed significant results. The G allele was significant 

for a reduced risk of advanced tumor size (T3–T4) compared to the absence 
of the G allele (G−) (OR = 0.383, 95% CI: 0.151–0.967, p = 0.037). Based 
on multivariate logistic regression analysis, taking into account age, tumor 
grade, nodal involvement, and distant metastasis, the association maitains 
significance in the initial models: Model No. 1 (OR = 0.383, 95% CI: 0.151–
0.968, p = 0.042), Model No. 2 (OR = 0.378, 95% CI: 0.148–0.970, p = 
0.043), and Model No. 3 (OR = 0.330, 95% CI: 0.115–0.946, p = 0.039). 
However, in Model No. 4, the association was not statistically significant 
(p = 0.106). Thus, the results indicated that the role of other covariates is 
more important with regard to the impact of the G allele. 

Moreover, the univariate logistic regression suggests that individuals 
carrying the G allele (+) had a significantly lower risk of having metastasis 
(OR = 0.176, 95% CI: 0.045–0.686, p = 0.006). The multivariate analyses 
reinforce this association, with the presence of the G allele consistently linked 
to a reduced risk of metastasis. This significance holds in Models No. 1, 2, 
and 3 (OR = 0.165, 95% CI: 0.042–0.659, p = 0.011; OR = 0.168, 95% CI: 
0.042–0.673, p = 0.012; OR = 0.149, 95% CI: 0.032–0.703, p = 0.016, respec-
tively). In Model No. 4, while the association between the G allele and meta-
stasis does not reach conventional statistical significance, it still suggests a 
notable trend towards a reduced risk of metastasis associated with the G 
allele. Importantly, age and other clinical factors did not demonstrate signifi-
cant associations with metastasis (Table 14). The results are presented in 
Supplementary Table 3, and Supplementary Table 4. 
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3.4.3. SIPA1 gene: focus on SNPs rs931127, rs3741378,  
and rs746429 
In the cases of rs931127 and rs3741378, no significant link between 

genotypes or alleles and tumor phenotype was detected. The results are 
presented in Supplementary Table 5, and Supplementary Table 6. 

Table 15 presents the results of univariate and multivariate logistic 
regression analyses assessing the relationship between the SNP rs746429 and 
various clinicopathological characteristics, particularly focusing on tumor 
differentiation (G). In the univariate analysis, the odds ratio (OR) for the GA 
vs. GG genotype is 0.329 (95% CI: 0.147–0.736) with a p-value of 0.007, 
indicating a statistically significant reduction in the likelihood of having 
poorly differentiated tumors (G3) for patients with the GA genotype compared 
to those with the GG genotype. The OR for the AA vs. GG genotype is 0.692 
(95% CI: 0.279–1.716) with a p-value of 0.427, suggesting a reduction in risk, 
although this reduction did not reach statistical significance. Additionally, the 
OR for the presence of the A allele is 0.424 (95% CI: 0.205–0.880) with a  
p-value of 0.019, showing a significant association with a lower risk of poor 
tumor differentiation. 

In the multivariate analysis, four different models were employed, 
adjusting for age, nodal status (N1 vs. N0), metastasis (M1 vs. M0), and tumor 
size (T3–T4 vs. T1–T2). In Model No. 1, the adjusted OR for GA vs. GG 
remains significant at 0.330 (95% CI: 0.148-0.740, p = 0.007), and the 
adjusted OR for the A allele is 0.426 (95% CI: 0.205–0.884, p = 0.002). In 
Model No. 2, the adjusted OR for GA vs. GG is 0.312 (95% CI: 0.138–0.707, 
p = 0.005), and the adjusted OR for the A allele is 0.410 (95% CI: 0.196–
0.858, p = 0.018). In Model No. 3, the adjusted OR for GA vs. GG is 0.312 
(95% CI: 0.137–0.708, p = 0.005), and the adjusted OR for the A allele is 
0.412 (95% CI: 0.197–0.863, p = 0.019). In Model No. 4, the adjusted OR for 
GA vs. GG is 0.320 (95% CI: 0.140–0.731, p = 0.007), and the adjusted OR 
for the A allele is 0.423 (95% CI: 0.200–0.891, p = 0.024). Additional variables 
in the multivariate analysis show that age is not a significant factor across all 
models. The odds ratios for nodal status (N1 vs. N0) and metastasis status 
(M1 vs. M0) are not statistically significant. The odds ratios for tumor size 
(T3–T4 vs. T1–T2) approach significance but do not reach statistical signifi-
cance in the multivariate models. 

In conclusion, the SNP rs746429, specifically the GA genotype and the 
presence of the A allele, is significantly associated with a lower risk of poor 
tumor differentiation (G3) in both univariate and multivariate analyses. These 
findings suggest that the rs746429 SNP may play a protective role against 
aggressive tumor characteristics.  
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Table 16 presents the results of univariate logistic regression analysis 
assessing the relationship between the SIPA1 SNP rs746429 and two clinical 
parameters: patients’ age (categorized as ≤ 50 vs. > 50) and disease prognosis 
(categorized as T3–T4 + G3 vs. T1–T2 + G1–G2). For the GA vs. GG geno-
type, the OR is 0.435 (95% CI: 0.200–0.945) with a p-value of 0.036, indi-
cating that individuals with the GA genotype have a significantly lower 
likelihood of being younger than 50 years compared to those with the GG 
genotype. In contrast, the AA vs. GG genotype shows an OR of 0.611 (95% 
CI: 0.243–1.534) with a p-value of 0.294, which is not statistically significant, 
suggesting no strong association between the AA genotype and age groups. 
When considering the presence of the G allele, the OR is 0.972 (95% CI: 
0.439–2.154) with a p-value of 0.943, indicating no significant association. 
However, for the A allele, the OR is 0.484 (95% CI: 0.236–0.996) with a  
p-value of 0.049, demonstrating a statistically significant lower likelihood of 
being younger than 50 years for individuals carrying the A allele. 

Examining the association with disease prognosis, the GA vs. GG geno-
type has an OR of 0.255 (95% CI: 0.088–0.739) with a p-value of 0.012, indi-
cating a significantly lower risk of having a worse prognosis for individuals 
with the GA genotype compared to those with the GG genotype. For the 
presence of the G allele, the OR is 1.170 (95% CI: 0.352–3.892) with a  
p-value of 0.798, showing no significant association. However, the A allele 
presents an OR of 0.296 (95% CI: 0.114–0.769) with a p-value of 0.012, indi-
cating a significantly lower risk of worse prognosis for individuals carrying 
the A allele. 

The univariate logistic regression analysis reveals significant associa-
tions for the SNP rs746429 in the SIPA1 gene. Specifically, the GA genotype 
and the presence of the A allele are linked to a lower likelihood of being 
younger than 50 years and a reduced risk of having a worse prognosis. These 
findings suggest a potential protective role of the GA genotype and the A 
allele against aggressive tumor characteristics and adverse outcomes. 
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Table 16. Univariate logistic regression analysis: assessing odds ratios for 
the relationships between SIPA1 SNP rs746429 and patients’ age, and disease 
prognosis. 

SNP Genotype, 
alleles 

Age (groups): ≤ 50 vs. > 50 Positive worse prognosis:  
T3–T4 + G3 vs. T1–T2 + G1–G2 

OR 95% CI p-value OR 95% CI p-value 

rs746429 

GA vs. GG 0.435 0.200–0.945 0.036 0.255 0.088–0.739 0.012 
AA vs. GG 0.611 0.243–1.534 0.294 0.412 0.112–1.511 0.181 
G allele+ vs. G– 0.972 0.439–2.154 0.943 1.170 0.352–3.892 0.798 
A allele+ vs. A– 0.484 0.236–0.996 0.049 0.296 0.114–0.769 0.012 

Bolded p-values indicate statistical significance (p < 0.05). 

3.4.4. SRSF1 gene: focus on SNPs rs8819, rs34592492, rs11654058, 
rs2233908, and rs2585828 
For the SNPs rs8819, rs34592492, rs11654058, and rs2233908, no signi-

ficant association was found between genotypes or alleles and tumor pheno-
types, prognosis, or patient age. 

The analysis shows a significant association between the SRSF1 
rs34592492 G allele and metastasis (M). Carriers of the G allele are predo-
minantly represented among those with metastasis, with statistical tests 
supporting a meaningful relationship. However, the exact significance tests 
suggest some caution in interpreting the strength of this association, likely 
due to the small number of non-carriers. Among non-carriers, there are 0 
individuals without metastasis (M = 0) and 1 individual with metastasis (M = 1), 
representing 0% and 10% of non-carriers, respectively. Overall, non-carriers 
make up 0.6% of the total sample. In contrast, there are 162 individuals 
without metastasis (M = 0) and 9 individuals with metastasis (M = 1) among 
G allele carriers, representing 100% and 90% of carriers, respectively. Carriers 
make up 99.4% of the total sample. The chi-square tests, particularly the 
Pearson Chi-Square test with a p-value < 0.001, indicate a statistically signifi-
cant association between the G allele and the presence of metastasis. This 
significant p-value suggests that the distribution of metastasis differs between 
carriers and non-carriers of the G allele. However, the exact significance 
values (Fisher’s Exact Test) are on the borderline of conventional statistical 
significance (p = 0.058), indicating that while there is an association, it may 
not be as strong when considering the exact probabilities. This discrepancy 
can occur due to the small sample size or the distribution of cases. The risk 
estimate shows that individuals with the G allele are at a significantly higher 
risk (19 times) of having metastasis compared to non-carriers, with a 95% 
confidence interval ranging from 10.060 to 35.886. This wide confidence 
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minantly represented among those with metastasis, with statistical tests 
supporting a meaningful relationship. However, the exact significance tests 
suggest some caution in interpreting the strength of this association, likely 
due to the small number of non-carriers. Among non-carriers, there are 0 
individuals without metastasis (M = 0) and 1 individual with metastasis (M = 1), 
representing 0% and 10% of non-carriers, respectively. Overall, non-carriers 
make up 0.6% of the total sample. In contrast, there are 162 individuals 
without metastasis (M = 0) and 9 individuals with metastasis (M = 1) among 
G allele carriers, representing 100% and 90% of carriers, respectively. Carriers 
make up 99.4% of the total sample. The chi-square tests, particularly the 
Pearson Chi-Square test with a p-value < 0.001, indicate a statistically signifi-
cant association between the G allele and the presence of metastasis. This 
significant p-value suggests that the distribution of metastasis differs between 
carriers and non-carriers of the G allele. However, the exact significance 
values (Fisher’s Exact Test) are on the borderline of conventional statistical 
significance (p = 0.058), indicating that while there is an association, it may 
not be as strong when considering the exact probabilities. This discrepancy 
can occur due to the small sample size or the distribution of cases. The risk 
estimate shows that individuals with the G allele are at a significantly higher 
risk (19 times) of having metastasis compared to non-carriers, with a 95% 
confidence interval ranging from 10.060 to 35.886. This wide confidence 
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interval reflects uncertainty in the exact risk estimate, likely due to the small 
number of non-carriers. While the initial chi-square test demonstrates a signi-
ficant association between the G allele and metastasis, the small number of 
non-carriers (1 individual) limits the robustness of this finding. The border-
line significance in tests accounting for small sample sizes suggests caution 
in interpreting these results. Therefore, although there is an observed associa-
tion, the evidence is not strong enough to conclusively determine that the G 
allele directly influences metastasis due to the limitations in sample size and 
the resulting statistical power. This nuanced understanding explains why, 
despite significant p-values in some tests, the influence of the G allele on 
metastasis may be considered uncertain or not definitive. 

The results are detaled in Supplementary Table 7, and Supplementary 
Table 8. 

3.4.5. HOTAIR gene: focus on SNPs rs12826786, rs7958904, and 
rs920778 
In the cases of rs12826786, rs7958904, and rs920778, no significant link 

between genotypes or alleles and tumor phenotype (tumor size, nodes, meta-
stasis, tumor differentiation, stage, disease prognosis, and patient age) was 
detected. All the data is presented in Supplementary Tables 9 and 10. 

3.4.6. MALAT1 gene: focus on SNPs rs619586, rs664589, and rs3200401 
For the cases of rs619586, rs664589, and rs3200401, no significant asso-

ciations were found between the genotypes or alleles and various tumor phe-
notypes, including tumor size, lymph node involvement, metastasis, tumor 
differentiation, stage, disease prognosis, and patient age. Detailed data can be 
found in Supplementary Tables 11 and 12. 

3.4.7. Haplotypes 
TLR4 gene SNPs rs4986790, rs4986791, and rs1927906 did not show 

significant associations with tumor clinicopathological features as indepen-
dent factors. Analyzing the most frequent haplotype based on these SNPs, the 
overall results did not find significant associations between TLR4 diplotypes 
and the clinical characteristics. This suggests that the presence of the ACT 
haplotype, whether in homozygous or heterozygous form, does not signifi-
cantly impact the severity of tumor characteristics, metastasis, or prognosis 
in this cohort. Table 17 presents the results of the univariate logistic regres-
sion analysis assessing the relationships between TLR4 gene diplotypes and 
various clinical characteristics, including patients’ age and tumor characte-
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ristics. This analysis compared non-carriers and heterozygous carriers of the 
ACT haplotype against homozygous carriers (ACT/ACT). 

Table 17. Univariate logistic regression analysis: assessing odds ratios for 
the relationships between TLR4 gene diplotypes and patients’ age, tumor 
characteristics. 

Cinical characteristics 

TLR4  
rs4986790 rs4986791 rs1927906 diplotypes 

ACT haplotype non-
carriers vs. homozygous 
diplotype (ACT/ACT) 

Heterozygous diplotype (ACT/ 
alternative hap) vs. homozygous 

diplotype (ACT/ACT) 
OR 95% CI p-value OR 95% CI p-value 

Positive T3–T4 vs. T1–2 0.000 0.000 1.000 1.033 0.489–2.183 0.932 
Positive N1 vs. N0 0.000 0.000 1.000 0.668 0.318–1.403 0.287 
Positive M1 vs. M0 0.000 0.000 1.000 1.543 0.379–6.278 0.545 
Positive G3 vs. G1 + G2 0.000 0.000 1.000 1.919 0.887–4.143 0.098 
Age (groups): ≤ 50 vs. > 50 0.000 0.000 1.000 1.120 0.496–2.528 0.785 
Positive stage III–IV vs. stage I–II 0.000 0.000 1.000 0.655 0.317–1.350 0.251 
Positive worse prognosis:  
T3–T4+G3 vs. T1–T2+G1–G2 0.000 0.000 1.000 2.159 0.785–5.940 0.136 

With the understanding that RRP1B gene SNPs rs2838342, rs7276633, 
rs2051407, rs9306160, and rs762400 may not act independently, we opt to 
explore haplotypes. By analyzing haplotypes, we aim to capture the combi-
ned effect of multiple SNPs within the gene, thus providing a more compre-
hensive understanding of the genetic landscape and its potential implications 
in our study. We meticulously analyzed the associations between diplotypes 
and various clinical characteristics. Specifically, we examined the heterozy-
gous diplotype (ATCCG/alternative haplotype) vs. the homozygous diplotype 
(ATCCG/ATCCG), ATCCG haplotype non-carriers vs. the homozygous 
diplotype (ATCCG/ATCCG), heterozygous diplotype (GCTTC/alternative 
haplotype) vs. the homozygous diplotype (GCTTC/GCTTC), GCTTC haplo-
type non-carriers vs. the homozygous diplotype (GCTTC/GCTTC), and hete-
rozygous diplotype (ATCCG/GCTTC) carriers vs. non-carriers. 
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Significantly, GCTTC haplotype non-carriers exhibited a greater protec-
tive effect against advanced tumor size (T3–T4) and metastasis compared to 
those with the homozygous diplotype (GCTTC/GCTTC) (OR = 0.367, 95% 
CI: 0.136–0.992, p = 0.038; OR = 0.098, 95% CI: 0.016–0.578, p = 0.010, 
respectively). This finding suggests a potential role of genetic variations 
represented by the GCTTC haplotype in promoting aggressive tumor behavior. 
For patients with advanced tumor stages (III–IV vs. I–II) and worse prognosis 
(T3–T4 + G3 vs. T1–T2 + G1–G2), individuals lacking the ATCCG haplotype 
showed a significantly higher likelihood of exhibiting advanced tumor stages 
and being in the worse prognosis group compared to those with the homozy-
gous diplotype (ATCCG/ATCCG) (OR = 1.250, 95% CI: 0.454–3.444, p = 
0.032; OR = 2.100, 95% CI: 0.638–6.916, p = 0.048, respectively) (Table 18). 

Table 19 presents the results of multivariate logistic regression analyses 
focusing on diplotypes, with adjustments made for clinicopathological cha-
racteristics, particularly emphasizing tumor size and metastasis. Model No. 1: 
In the initial model, we adjusted for age (years) as an additional covariate. 
The association between GCTTC haplotype non-carriers and reduced odds of 
advanced tumor size remained significant (OR = 0.393, 95% CI: 0.188–
0.822, p = 0.039). This underscores the robustness of our initial findings, 
indicating that age did not substantially alter the observed relationship 
between haplotype status and tumor size. Model No. 2: Further adjustments 
were made by including tumor grade (G3 vs. G1 + G2) in the analysis. Despite 
this additional adjustment, the association between GCTTC haplotype non-
carriers and decreased odds of advanced tumor size remained statistically 
significant (OR = 0.392, 95% CI: 0.185–0.827, p = 0.041). This suggests that 
the observed association is independent of tumor grade, emphasizing the 
potential importance of genetic factors in influencing tumor progression. 
Model No. 3: Despite the inclusion of nodal status in the analysis, the asso-
ciation between GCTTC haplotype non-carriers and reduced odds of advan-
ced tumor size remained statistically significant (OR = 0.391, 95% CI: 0.173–
0.884, p = 0.041). Model No. 4: Finally, we included metastasis (M1 vs. M0) 
as an additional covariate in the analysis. The association between GCTTC 
haplotype non-carriers and advanced tumor size showed a trend towards 
significance (OR = 0.380, 95% CI: 0.166–0.869, p = 0.046). On the focus on 
metastasis, in Model No. 1, GCTTC haplotype non-carriers exhibit a substan-
tial protective effect against metastasis (OR = 0.101, 95% CI: 0.017–0.598, 
p = 0.012). This suggests a potential role of genetic variations represented by 
the GCTTC haplotype in influencing metastatic propensity, even after 
adjusting for age. In Model No. 2, which includes additional adjustments for 
tumor grade (G3 vs. G1 + G2), the protective effect against metastasis 
remains significant (OR = 0.095, 95% CI: 0.016–0.577, p = 0.011), further 
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emphasizing the independent nature of this association. Model No. 3 incor-
porates adjustments for lymph node involvement (N1 vs. N0) along with age 
and tumor grade. Despite these additional adjustments, the protective effect 
against metastasis among GCTTC haplotype non-carriers persists (OR = 
0.075, 95% CI 0.011–0.534, p = 0.010), highlighting the robustness of the 
observed association. Finally, in Model No. 4, which includes adjustments 
for tumor stage (T3–T4), in addition to age, tumor grade, and lymph node 
involvement, the protective effect against metastasis remains significant 
(OR = 0.150, 95% CI: 0.023–0.965, p = 0.048). This suggests that the influen-
ce of genetic variations represented by the GCTTC haplotype on metastatic 
propensity is independent of tumor size and other clinicopathological factors. 

Overall, the consistent significance of the protective effect across all 
models underscores the potential importance of genetic variations represen-
ted by diplotypes in predicting tumor size and metastasis in cervical cancer 
patients, irrespective of traditional clinicopathological factors. 
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The SRSF1 gene SNPs rs8819, rs11654058, rs2233908, and rs2585828 
were not found to be significantly associated with tumor severity. Table 20 
presents the results of the univariate logistic regression analysis assessing the 
relationships between SRSF1 gene diplotypes and various clinical characte-
ristics, including patients’ age and tumor characteristics. This analysis 
compared non-carriers and heterozygous carriers of the CTGA haplotype 
against homozygous carriers (CTGA/CTGA). The analysis of SRSF1 haplo-
types did not find significant associations between SRSF1 diplotypes and the 
clinical characteristics. This suggests that the presence of the CTGA haplo-
type, whether in homozygous or heterozygous form, does not significantly 
impact tumor characteristics, metastasis, or prognosis in this cohort. 

Table 20. Univariate logistic regression analysis: assessing odds ratios for 
the relationships between SRSF1 gene diplotypes and patients’ age, tumor 
characteristics.  

Cinical characteristics 

SRSF1 
Rs8819 Rs11654058 Rs2233908 Rs2585828 Diplotypes 

CTGA haplotype non-carriers  
vs. homozygous diplotype 

(CTGA/CTGA) 

Heterozygous diplotype 
(CTGA/Alternative Hap)  
vs. homozygous diplotype 

(CTGA/CTGA) 
OR 95% CI p-value OR 95% CI p-value 

Positive T3–T4 vs. T1–2 0.000 0.000 0.999 0.612 0.292–1.284 0.194 
Positive N1 vs. N0 0.330 0.036–3.041 0.328 1.447 0.725–2.887 0.295 
Positive M1 vs. M0 0.000 0.000 0.999 1.213 0.299–4.910 0.787 
Positive G3 vs. G1+G2 0.742 0.080–6.892 0.793 1.385 0.652–2.943 0.397 
Age (groups): ≤ 50 vs. > 50 0.000 0.000 0.999 0.739 0.353–1.545 0.421 
Positive stage III–IV  
vs. stage I–II 0.189 0.021–1.743 0.142 0.996 0.497–1.996 0.992 

Positive worse prognosis: 
T3–T4 + G3 vs.  
T1–T2 + G1–G2 

0.000 0.000 0.999 0.905 0.317–2.582 0.853 
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Focusing on the impact of several frequent HOTAIR haplotypes on 
clinical outcomes, the univariate logistic regression analysis revealed that for 
the CGG haplotype, no significant associations were found when comparing 
non-carriers to heterozygous carriers. This included advanced tumor stage, 
nodal involvement, metastasis, high tumor grade, age groups, and prognosis. 
Similarly, the analysis showed no significant correlations for the CGA haplo-
type when comparing non-carriers to homozygous carriers, or between hete-
rozygous and homozygous carriers, indicating that the CGA haplotype does 
not notably affect tumor characteristics or prognosis. For the TCA haplotype, 
comparisons between non-carriers and heterozygous carriers also showed no 
significant associations with advanced tumor stage, nodal involvement, meta-
stasis, high tumor grade, age groups, or prognosis. Overall, the analysis found 
no significant correlations between HOTAIR gene diplotypes and clinical 
characteristics, suggesting that the presence of the CGG, CGA, or TCA 
haplotypes, whether in homozygous or heterozygous form, does not have a 
significant impact on tumor characteristics or prognosis in this population. 
All the results are detailed in Table 21. 
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3.5. Survival analysis 

The influence of the SNPs on survival, including progression-free survi-
val (PFS) and overall survival (OS), was evaluated using both genotype and 
allelic models. Cox univariate and multivariate analyses were employed to 
assess the impact of SNPs and haplotypes on these survival outcomes. 

3.5.1. Survival analysis: focus on TLR4 gene 
No significant associations were found between the genotypes or alleles 

of SNPs rs1927906, rs11536865, rs10983755, rs4986790, rs4986791, and 
rs11536897 and survival outcomes. However, SNPs rs10759932 and 
rs11536898 were identified as having a significant impact on progression-
free survival (PFS) and overall survival (OS). Kaplan-Meier analysis revealed 
that the rs10759932 CC genotype was associated with overall survival (OS) 
(Log Rank p = 0.049, Breslow p = 0.018, and Tarone–Ware p = 0.028). Cox 
regression analysis showed that the CC genotype was linked to shorter 
progression-free survival (PFS) and OS compared to the TT genotype, with 
odds ratios of 2.918 (95% CI: 0.894–9.530, p = 0.049) and 3.340 (95% CI: 
1.006–11.095, p = 0.048), respectively. In the multivariate Cox regression 
model, which adjusted for tumor stage (T), nodal involvement (N), grade (G), 
and patient age, the CC genotype increased the risk of progression by nearly 
fourfold compared to the TT genotype (HR = 3.674, 95% CI: 1.115–12.108, 
p = 0.032) and the risk of earlier mortality (HR = 4.608, 95% CI: 1.344–
15.801, p = 0.015). The T allele was significant in the allelic model for both 
PFS (Log Rank p = 0.049, Breslow p = 0.042, Tarone–Ware p = 0.042) and 
OS (Log Rank p = 0.031, Breslow p = 0.018, Tarone–Ware p = 0.023). 
Carriers of the T allele had a greater likelihood of longer PFS (HR = 0.331, 
95% CI: 0.103–1.067, p = 0.048) and longer OS (HR = 0.284, 95% CI: 0.087–
0.928, p = 0.037). After adjusting for tumor T, N, G, and patient age, T allele 
carriers had an increased chance of longer PFS (HR = 0.244, 95% CI: 0.075–
0.795, p = 0.019) and a decreased risk of shorter OS (HR = 0.200, 95% CI: 
0.059–0.674, p = 0.009), as shown in Table 22 and Supplementary Table 13. 
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The rs11536898 AA genotype was significantly associated with progres-
sion-free survival (PFS) and overall survival (OS) when compared to the CC 
genotype. Specifically, the AA genotype was linked to shorter PFS (Log 
Rank p = 0.014, Breslow p = 0.001, Tarone–Ware p = 0.003) and shorter OS 
(Log Rank p = 0.003, Breslow p < 0.001, Tarone–Ware p < 0.001). Compared 
to the CC genotype, the AA genotype decreased the likelihood of longer PFS 
(HR = 3.926, 95% CI: 1.201–12.837, p = 0.024) and increased the risk of 
shorter OS (HR = 5.057, 95% CI: 1.522–16.802, p = 0.008). In multivariate 
Cox regression analysis, the AA genotype continued to be associated with a 
higher risk of shorter OS (HR = 3.735, 95% CI: 1.051–13.278, p = 0.042) and 
showed a borderline effect on PFS (HR = 3.306, 95% CI: 0.967–11.299, p = 
0.057) after adjusting for tumor stage (T), nodal involvement (N), grade (G), 
and patient age. Conversely, the rs11536898 C allele was linked to longer 
PFS (Log Rank p = 0.015, Breslow p = 0.003, Tarone–Ware p = 0.005) and 
longer OS (Log Rank p = 0.004, Breslow p < 0.001, Tarone–Ware p = 0.001). 
The CA genotype did not show a significant effect on PFS. The allelic model 
indicated that carriers of the C allele were less likely to experience shorter 
PFS compared to non-carriers. Specifically, the C allele was associated with 
longer PFS (HR = 0.261, 95% CI: 0.081–0.844, p = 0.025) and longer OS 
(HR = 0.212, 95% CI: 0.065–0.691, p = 0.010). After adjusting for tumor 
stage, nodal involvement, grade, and patient age, the association remained 
statistically significant for both PFS (HR = 0.291, 95% CI: 0.086–0.987, p = 
0.048) and OS (OR = 0.274, 95% CI: 0.078–0.959, p = 0.043), as detailed in 
Table 23 and Supplementary Table 13. Kaplan–Meier analysis was perfor-
med to generate survival curves for genotypes and alleles for both PFS and 
OS (Figure 15). 

The Cox univariate model for PFS and OS assessed the impact of the 
TLR4 ACT haplotype on these outcomes. The analysis compared non-carriers 
of the ACT haplotype with homozygous carriers (ACT/ACT) and 
heterozygous carriers (ACT/alternative haplotype) with homozygous carriers. 
The results indicated no significant association between the ACT haplotype 
and either PFS or OS. All results are detailed in Supplementary Table 14. 
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Figure 15 (a–d). Kaplan–Meier survival curves for PFS and OS in  

patients with cervical cancer according rs10759932 and rs11536898 
polymorphism (n = 172). 

Kaplan–Meier survival curves for rs10759932 and rs11536898 polymorphisms in the 
genotype and allelic models demonstrate PFS and OS differences. The X-axis displays the 
number of months from cervical cancer diagnosis, confirming the event date (PFS or OS), 
and the Y-axis indicates the survival probability. (a, b) The rs10759932 CC genotype 
increased the risk for shorter PFS and OS compared to patients with the TT genotype (95% 
CI: 0.894–9.530, p = 0.049; 95% CI: 1.006–11.095, p = 0.048, respectively); (c, d) Carrying 
the T allele increased the possibility of longer PFS (95% CI: 0.103–1.067, p = 0.048) and 
longer OS (95% CI: 0.087–0.928, p = 0.037). 
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Figure 15 (e–h). Kaplan–Meier survival curves for PFS and OS  

in patients with cervical cancer according rs10759932 and rs11536898 
polymorphism (n = 172). 

Kaplan–Meier survival curves for rs10759932 and rs11536898 polymorphisms in the geno-
type and allelic models demonstrate PFS and OS differences. The X-axis displays the number 
of months from cervical cancer diagnosis, confirming the event date (PFS or OS), and the  
Y-axis indicates the survival probability. (e, f) The rs11536898 AA genotype, compared to 
patients with the CC genotype, shortened PFS (95% CI: 1.201–12.837, p = 0.024) and OS 
(95% CI: 1.522–16.802, p = 0.008); (g, h) The rs11536898 C allele predisposed for longer 
PFS (95% CI: 0.081–0.844, p = 0.025) and longer OS (95% CI: 0.065–0.691, p = 0.010). 
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3.5.2. Survival analysis: focus on RRP1B gene 
No significant link between rs2838342, rs7276633, rs2051407, or 

rs762400 genotypes or alleles and PFS was detected. In the case of SNP 
rs9306160, the survival analysis did not yield differences for the genotypes 
and alleles. But the effect of four SNPs (rs2838342, rs7276633, rs2051407, 
rs762400) on OS has been identified as important.  

The results indicate that for SNP rs2838342, there were no statistically 
significant associations between genotypes and survival outcomes. However, 
the presence of the A allele displayed a considerably lower hazard, signifying 
a potential protective role. This observation is particularly noteworthy, as the 
p-value of 0.031 indicates that the A allele may significantly contribute to 
improved OS outcomes (HR = 0.465, 95% CI: 0.232–0.931). Utilizing Cox’s 
multivariate models, a effect of the A allele sustained even after adjusting for 
age at diagnosis (HR = 0.462, 95% CI: 0.231–0.926, p = 0.030, Model No. 1). 
When scrutinizing the influence of age at diagnosis and broader tumor 
characteristics (tumor T, N, G) in Model No. 2, we observed that the impact 
of the A allele on OS has now become statistically insignificant. We must note 
that the effect of tumor size was significant on the survival outcome, revealing 
an HR of 7.463 (T3–T4 vs. T1–T2, p < 0.001), reflecting its substantial impact 
on OS. 

Similarly, for SNP rs7276633, the TC and CC genotypes did not show 
significant differences in survival when compared to TT, but the presence of 
the T allele was associated with better OS (HR = 0.465, CI: 0.232-0.931, p = 
0.031). The T allele’s protective effect persisted, with an adjusted HR of 0.462 
(95% CI: 0.231–0.926, p = 0.030) after accounting for age-related factors 
(Model No. 1). These findings underscore the significance of allelic effects 
in influencing overall survival. Regrettably, Model No. 2 did not produce 
statistically significant results when adjusting for tumor T, N, G, and patients’ 
age. The impact of tumor size on OS was significant, with an HR of 7.463 
(95% CI: 3.195–17.432, p < 0.001). 

Next, our attention turned to SNP rs2051407. Like previous SNPs, the 
different genotypes showed no substantial differences in survival outcomes. 
However, the C allele was a factor in modulating patient OS. The C allele 
carries had a decreased risk of dying faster (HR = 0.418, CI: 0.204–0.858, 
p = 0.017). In multivariate Coxʼs regression analysis, the C allele remains a 
factor for longer overall survival (HR = 0.404, 95% CI: 0.196–0.832, p = 
0.014), when adjusting for the age of patients (Model No. 1). Unfortunately, 
Model No. 2 did not yield statistically significant results, with a significant 
effect of tumor size on overall survival persisting (HR = 7.484, 95% CI: 
3.227–17.355, p < 0.001). 
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Finally, our analysis extended to SNP rs762400. In the univariate model, 
patients with the CC genotype, compared to the GG genotype, exhibited a 
significant impact on OS, with an HR of 2.550 (95% CI: 1.098–5.923, p = 
0.030), indicating an elevated risk of adverse outcomes for individuals carrying 
this genotype. This result remained significant in multivariate Model No. 1, 
controlling for patient age (HR = 2.476, 95% CI: 1.064–5.758, p = 0.035). 
Exploring the interplay of tumor characteristics and age at diagnosis in Model 
No. 2, advanced tumor size (T3–T4 vs. T1–T2) once again emerged as a 
significant predictor, displaying a substantial HR of 7.546 (95% CI: 3.250–
17.520, p < 0.001). In this model, the CC genotype still increases the risk for 
shorter OS, but the significance level (p) is > 0.05. Moreover, the scrutiny of 
SNP rs762400 showcased that the allelic model does not contradict the results 
of the genotypic model. The presence of the G allele emerged as a significant 
protective factor. The holders of G allele were less likely to have shorter OS 
when compared to the non-carriers (HR = 0.374, CI: 0.177–0.788, p = 0.010). 
The presence of the G allele (+) was associated with an HR of 0.370 (95% 
CI: 0.176–0.781, p = 0.009) in Model No. 1, after adjusting for age, indicating 
a substantially reduced risk of adverse OS outcomes linked to this genetic 
variant. In multivariate Model No. 2, advanced tumor size (T3-T4) exhibited 
a significant HR of 7.496 (95% CI: 3.235–17.373, p < 0.001). These results 
underline the considerable impact of tumor characteristics on OS outcomes, 
and once again, the significant influence of the G allele for OS was not obser-
ved. All the results are presented in Table 24 and Supplementary Table 15. 

In our analysis using Cox’s univariate model for progression-free sur-
vival (PFS) and overall survival (OS), we observed interesting trends in the 
association between RRP1B haplotypes and patients outcomes. Specifically, 
the ATCCG haplotype non-carriers vs. the homozygous diplotype (ATCCG/ 
ATCCG) showed an elevated hazard ratio (HR) for both PFS and OS, indi-
cating a potential link between this haplotype and poorer survival outcomes. 
However, statistical significance was not achieved in this comparison. 

Conversely, the heterozygous diplotype of GCTTC/alternative haplotype 
compared to the homozygous diplotype (GCTTC/GCTTC) displayed a 
significantly decreased HR for OS (HR = 0.274, 95% CI: 0.120–0.626, p = 
0.002), suggesting a possible protective effect associated with this haplotype. 
Similarly, GCTTC haplotype non-carriers compared to the homozygous 
diplotype (GCTTC/GCTTC) also exhibited a significantly decreased HR for 
OS (HR = 0.298, 95% CI: 0.128–0.695, p = 0.005), indicating a potentially 
favorable impact on survival outcomes.  

In our comprehensive analysis using Cox’s multivariate models for 
overall survival (OS), we meticulously examined the adjusted associations 
between diplotypes, age at diagnosis, and various tumor characteristics. 
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Focusing on diplotypes, particularly the comparison between the heterozy-
gous diplotype (GCTTC/alternative hap) and the homozygous diplotype 
(GCTTC/GCTTC), our findings consistently demonstrated significantly de-
creased odds of overall survival (OS) across both Model No. 1 and Model 
No. 2 (HR = 0.259, 95% CI: 0.113–0.597, p = 0.002; OR = 0.372, 95% CI: 
0.153–0.904, p = 0.029, respectively). This suggests a potential protective effect 
associated with certain diplotypes, indicating their relevance as prognostic 
indicators in cervical cancer. Similarly, when comparing GCTTC haplotype 
non-carriers to the homozygous diplotype (GCTTC/GCTTC), we observed 
notably reduced odds of OS in both Model No. 1 and Model No. 2 (HR = 
0.303, 95% CI: 0.130–0.708, p = 0.006; HR = 0.363, 95% CI: 0.151–0.871, 
p = 0.023, respectively). This reinforces the importance of haplotype status 
in predicting survival outcomes, further highlighting the potential clinical 
significance of genetic variations represented by diplotypes. 

In summary, our multivariate analysis within the Cox regression frame-
work unraveled the intricate relationships between genetic variations, age at 
diagnosis, and tumor characteristics, providing a nuanced understanding of 
their combined impact on overall survival in this particular context. Tumor 
characteristics played a significant role, unveiling HRs, and reflecting their 
substantial impact on OS. All the results are presented in Tables 25 and 26. 

Kaplan–Meier analysis was performed to generate survival curves for 
genotypes, alleles, and haplotypes showing significant associations with 
overall survival (OS) (Figures 16). 
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Table 24. Cox’s univariate and multivariate models for overall survival 
(OS) assessing adjusted ratios for associations between rs2838342, 
rs7276633, rs2051407, rs762400, age at diagnosis, and tumor 
characteristics. 

SNP Covariates 

Overall survival 

Univariate 
Multivariate 

Model No. 1 Model No. 2 

HR 95% 
CI p-value HR 95% CI p-value HR 95% CI p-value 

rs2838342 

A allele+ vs. 
A– 0.465 0.232–

0.931 0.031 0.462 0.231–
0.926 0.030 0.802 0.382–

1.686 0.561 

Age at 
diagnosis    1.011 0.987–

1.037 0.366 1.020 0.995–
1.046 0.110 

T3–T4 vs. 
T1–T2       7.463 3.195–

17.432 < 0.001 

N1 vs. N0       1.874 0.907–
3.872 0.090 

G3 vs. G1–
G2       0.710 0.346–

1.457 0.350 

rs7276633 

T allele+ vs. 
T– 0.465 0.232–

0.931 0.031 0.462 0.231–
0.926 0.030 0.802 0.382–

1.686 0.561 

Age at 
diagnosis    1.011 0.987–

1.037 0.366 1.029 0.995–
1.046 0.110 

T3–T4 vs. 
T1–T2       7.463 3.195–

17.432 < 0.001 

N1 vs. N0       1.874 0.907–
3.872 0.090 

G3 vs. G1–
G2       0.710 0.346–

1.457 0.350 

rs2051407 

C allele+ vs. 
C– 0.418 0.204–

0.858 0.017 0.404 0.196–
0.832 0.014 0.604 0.285–

1.281 0.189 

Age at 
diagnosis    1.013 0.988–

1.039 0.297 1.022 0.997–
1.048 0.082 

T3–T4 vs. 
T1–T2       7.484 3.227–

17.355 < 0.001 

N1 vs. N0       1.824 0.892–
3.732 0.100 

G3 vs. G1–
G2       0.698 0.346–

1.405 0.313 
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Table 24. Continued. 

SNP Covariates 

Overall survival 

Univariate 
Multivariate 

Model No. 1 Model No. 2 

HR 95% 
CI p-value HR 95% CI p-value HR 95% CI p-value 

rs762400 

GC vs. GG 0.917 0.451–
1.866 0.811 0.858 0.416–

1.767 0.677 1.083 0.521–
2.248 0.831 

CC vs. GG 2.550 1.098–
5.923 0.030 2.476 1.064–

5.758 0.035 1.865 0.785–
4.431 0.158 

Age at 
diagnosis    1.013 0.987–

1.040 0.325 1.021 0.996–
1.047 0.100 

T3–T4 vs. 
T1–T2       7.546 3.250–

17.520 < 0.001 

N1 vs. N0       1.814 0.882–
3.731 0.105 

G3 vs. G1–
G2       0.719 0.358–

1.448 0.356 

rs762400 

G allele+ vs. 
G– 0.374 0.177–

0.788 0.010 0.370 0.176–
0.781 0.009 0.560 0.261–

1.203 0.137 

Age at 
diagnosis    1.012 0.987–

1.038 0.356 1.021 0.996–
1.047 0.100 

T3–T4 vs. 
T1–T2       7.496 3.235–

17.373 < 0.001 

N1 vs. N0       1.798 0.879–
3.677 0.108 

G3 vs. G1–
G2       0.728 0.365–

1.452 0.367 

Bolded p-values indicate statistical significance (p < 0.05). 
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Table 25. Cox’s univariate model for RRP1B diplotypes in PFS and OS. 

RRP1B diplotypes 
Progression-free survival Overall survival, 

HR 95% CI p-value HR 95% CI p-value 
Heterozygous diplotype 
(ATCCG/alternative haplotype) 
vs. homozygous diplotype 
(ATCCG/ATCCG) 

0.990 0.523–1.873 0.975 0.843 0.397–1.790 0.656 

ATCCG haplotype non-carriers 
vs. homozygous diplotype 
(ATCCG/ATCCG) 

2.244 0.991–5.080 0.052 2.121 0.910–4.943 0.081 

Heterozygous diplotype 
(GCTTC/alternative haplotype) 
vs. homozygous diplotype 
(GCTTC/GCTTC) 

0.485 0.208–1.132 0.094 0.274 0.120–0.626 0.002 

GCTTC haplotype non-carriers 
vs. homozygous diplotype 
(GCTTC/GCTTC) 

0.434 0.190–0.993 0.051 0.298 0.128–0.695 0.005 

Heterozygous diplotype 
(ATCCG/GCTTC) carriers vs. 
non-carriers 

0.872 0.479–1.588 0.655 0.694 0.362–1.331 0.271 

Bolded p-values indicate statistical significance (p < 0.05). 

Table 26. Cox’s multivariate models for overall survival: adjusted ratios for 
associations between RRP1B diplotypes, age at diagnosis, and tumor charac-
teristics. 

SNPs Covariates 
Overall Survival 

Model No. 1 Model No. 2 
HR 95%CI p-value HR 95%CI p-value 

rs2838342 
rs7276633 
rs2051407 
rs9306160 
rs762400 

Heterozygous diplo-
type (GCTTC/alter-
native hap) vs. homo-
zygous diplotype 
(GCTTC/GCTTC) 

0.259 0.113–0.597 0.002 0.372 0.153–0.904 0.029 

GCTTC haplotype 
non-carriers vs. ho-
mozygous diplotype 
(GCTTC/GCTTC) 

0.303 0.130–0.708 0.006 0.363 0.151–0.871 0.023 

Age (years) 1.013 0.987–1.039 0.334 1.027 1.000–1.054 0.050 
G3 vs. G1–G2    0.760 0.374–1.547 0.449 
N1 vs. N0    1.913 0.933–3.922 0.076 
T3–T4 vs. T1–T2    7.412 3.196–17.188 < 0.001 

Bolded p-values indicate statistical significance (p < 0.05). 
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Figure 16 (a–c). Kaplan–Meier survival curves in patients with cervical 
cancer according to RRP1B polymorphisms in the allelic and genotype 

models, and diplotypes, with a focus on the GCTTC haplotype, illustrating 
differences in OS. 

The y-axis displays the probability of survival, while the x-axis represents the duration in months from 
the diagnosis of cervical cancer, verifying the occurrence date of the event of interest (OS). Each 
vertical step in the curve signifies events (ie, deaths), and right-censored patients are denoted by a 
vertical mark in the curve at the censoring time. (a) Carrying the A allele of rs2838342 was associated 
with an increased likelihood of longer overall survival (HR = 0.465, 95% CI: 0.232–0.931, p = 0.031); 
(b) Carrying the T allele in rs7276633 increased the possibility for longer OS (HR = 0.465, CI: 0.232–
0.931, p = 0.031); (c) Carriers of the rs2051407 C allele had an increased chance of longer OS in 
comparison with non-carriers (HR = 0.418, CI: 0.204-0.858, p = 0.017). Similarly, GCTTC haplotype 
non-carriers compared to the homozygous diplotype (GCTTC/GCTTC) also exhibited a significantly 
decreased hazard ratio for OS (HR = 0.298, 95% CI: 0.128–0.695, p = 0.005). 
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Figure 16 (d–f). Kaplan–Meier survival curves in patients  

with cervical cancer according to RRP1B polymorphisms in the allelic  
and genotype models, and diplotypes, with a focus on  
the GCTTC haplotype, illustrating differences in OS. 

The y-axis displays the probability of survival, while the x-axis represents the duration in months from 
the diagnosis of cervical cancer, verifying the occurrence date of the event of interest (OS). Each 
vertical step in the curve signifies events (ie, deaths), and right-censored patients are denoted by a 
vertical mark in the curve at the censoring time. (d, e) rs762400 CC genotype increased the risk for 
shorter OS compared to patients with the GG genotype (HR = 2.550, 95% CI: 1.098–5.923, p = 0.030). 
Individuals carrying the G allele exhibited a heightened likelihood of longer OS compared to those 
without the G allele (HR = 0.374, CI: 0.177–0.788, p = 0.010); (f) The heterozygous diplotype 
(GCTTC/alternative haplotype) compared to the homozygous diplotype (GCTTC/GCTTC) displayed 
a significantly decreased hazard ratio (HR = 0.274, 95% CI: 0.120–0.626, p = 0.002), suggesting a 
possible protective effect associated with this haplotype. Similarly, GCTTC haplotype non-carriers 
compared to the homozygous diplotype (GCTTC/GCTTC) also exhibited a significantly decreased 
hazard ratio for OS (HR = 0.298, 95% CI: 0.128–0.695, p = 0.005). 
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3.5.3. Survival analysis: focus on SIPA1 gene 
The Cox’s univariate analysis for the SIPA1 SNPs rs746429, rs931127, 

and rs3741378 did not reveal any significant associations with progression-
free survival (PFS) or overall survival (OS). The hazard ratios (HRs) and 
confidence intervals (CIs) indicate no significant impact of these SNPs, 
whether assessed by genotype (GA vs. GG, AA vs. GG for rs746429; AG vs. 
AA, GG vs. AA for rs931127; CT vs. CC, TT vs. CC for rs3741378) or allele 
(G vs. non-G, A vs. non-A for rs746429; A vs. non-A, G vs. non-G for 
rs931127; C vs. non-C, T vs. non-T for rs3741378). The p-values for all com-
parisons were above the threshold for statistical significance, suggesting that 
these particular SIPA1 polymorphisms do not have a notable effect on PFS or 
OS in this cohort. All the results are presented in Supplementary Table 16. 

3.5.4. Survival analysis: focus on SRSF1 gene 
Cox’s univariate model for SRSF1 rs8819, rs11654058, rs2233908, and 

rs2585828 did not reveal any significant interactions with progression-free 
survival (PFS) or overall survival (OS), suggesting that these specific SNPs 
may not have a substantial impact on survival outcomes in this study. 

The univariate analysis of SRSF1 rs34592492 genotypes on progression-
free survival (PFS) showed no significant results. However, examining the 
influence of the G allele revealed that the G allele+ vs. G– comparison had a 
hazard ratio (HR) of 0.328 with a 95% confidence interval (CI) of 0.043 to 
2.483 and a p-value of 0.022, indicating a significant protective effect on PFS. 
Moving to the multivariate analysis, two models are employed to adjust for 
age at diagnosis and tumor characteristics. In Model No. 1, which adjusts 
solely for age at diagnosis, the G allele+ vs. G- comparison yields an HR of 
0.275, a 95% CI of 0.035 to 2.124, and a p-value of 0.216, indicating the 
previously observed significance was lost. Model No. 2 further adjusts for 
tumor characteristics. The G allele+ vs. G– comparison gives an HR of 0.351, 
a 95% CI of 0.043 to 2.892, and a p-value of 0.331, indicating no significant 
association. In summary, while the univariate analysis highlights potential 
associations, particularly the significant protective effect of the G allele of 
SRSF1 rs34592492 and, these associations are not robust in the multivariate 
analysis when adjusting for age at diagnosis and tumor characteristics. Results 
are presented in Table 27. 

In the univariate analysis of rs34592492 genotypes on OS, the CC vs. 
GG genotype comparison shows a substantial increase in risk with an HR of 
19.947, a significant 95% CI of 2.489 to 159.836, and a p-value of 0.005, 
suggesting a strong association with reduced OS. The wide CI indicates a 
high degree of variability and uncertainty around the HR estimate. This could 
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be due to a small sample size, which limits the precision of the estimate, or 
substantial heterogeneity within the sample. Such a broad interval reflects 
that while the true HR could indicate an increased risk, it could also indicate 
a decreased risk or no effect at all. Examining the influence of the G allele, 
the G allele+ vs. G– comparison reveals an HR of 0.043, with a 95% CI of 
0.005 to 0.348 and a p-value of 0.003, indicating a significant protective 
effect. Considering age at diagnosis, the HR is 1.012, with a 95% CI of 0.987 
to 1.037, and a p-value of 0.364, showing no significant impact on OS. 

Moving to the multivariate analysis, in Model 1, the GC vs. GG genotype 
comparison shows an HR of 0.787, with a 95% CI of 0.241 to 2.568 and a  
p-value of 0.692, indicating no significant association. The CC vs. GG 
genotype comparison maintains a high HR of 23.617, with a 95% CI of 0.241 
to 196.252 and a p-value of 0.003, suggesting a continued significant asso-
ciation with reduced OS. The G allele+ vs. G- comparison yields an HR of 
0.041, with a 95% CI of 0.005 to 0.343 and a p-value of 0.003, confirming its 
significant protective effect. Age at diagnosis in this model presents an HR 
of 1.012, with a 95% CI of 0.987 to 1.037 and a p-value of 0.355, indicating 
no significant effect. Model No. 2 further adjusts for tumor characteristics. 
The GC vs. GG genotype comparison has an HR of 0.748, with a 95% CI of 
0.227 to 2.468 and a p-value of 0.633, showing no significant association. 
The CC vs. GG genotype comparison results in an HR of 12.582, with a 95% 
CI of 1.426 to 111.021 and a p-value of 0.023, indicating a significant 
association with reduced OS. The G allele+ vs. G– comparison gives an HR 
of 0.078, with a 95% CI of 0.009 to 0.687 and a p-value of 0.022, suggesting 
a continued significant protective effect. Age at diagnosis achieves near 
significance with an HR of 1.021, a 95% CI of 0.996 to 1.047, and a p-value 
of 0.096. Among tumor characteristics, the T3–T4 vs. T1–T2 comparison 
shows a significant HR of 7.738, with a 95% CI of 3.339 to 17.934 and a  
p-value of 0.000, indicating a strong association with reduced OS. The N1 vs. 
N0 comparison yields an HR of 1.894, with a 95% CI of 0.906 to 3.959 and 
a p-value of 0.090, indicating a trend towards significance. The G3 vs. G1–
G2 comparison shows an HR of 0.697, with a 95% CI of 0.343 to 1.417 and 
a p-value of 0.319, indicating no significant association (Table 28). 

In summary, the univariate analysis highlights the significant increase in 
risk with the CC genotype of SRSF1 rs34592492 and a significant protective 
effect of the G allele. In the multivariate analysis, after adjusting for age at 
diagnosis and tumor characteristics, the CC genotype of SRSF1 rs34592492 
remains significantly associated with reduced OS, while the G allele maintains 
its significant protective effect. Age at diagnosis does not show a significant 
impact on OS in either model. Among tumor characteristics, the T3–T4 stage 
is significantly associated with reduced OS, while N stage shows a trend 
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towards significance, and tumor grade does not show a significant asso-
ciation. The wide confidence intervals, especially in the genotype compa-
risons, suggest variability and uncertainty, likely due to sample size or 
heterogeneity within the population. Kaplan-Meier survival curves were 
generated for OS and are shown in Figure 17. 

Based on the analysis of Cox’s univariate model for SRSF1 haplotypes 
in progression-free survival (PFS) and overall survival (OS), no significant 
associations were found. Specifically, comparisons involving CTGA haplo-
type non-carriers and heterozygous diplotypes against the homozygous 
CTGA/CTGA diplotype did not yield statistically significant hazard ratios 
(HRs) or p-values. This indicates that variations in SRSF1 haplotypes do not 
significantly impact PFS or OS in this dataset (Supplementary Table 14). 

Table 27. Cox’s univariate and multivariate models for progression-free 
survival (PFS) assessing adjusted ratios for associations between SRSF1 
rs34592492, age at diagnosis, and tumor characteristics. 

SNP Covariates 

Progression-Free Survival 

Univariate 
Multivariate 

Model No. 1 Model No. 2 

HR 95% 
CI p-value HR 95% 

CI p-value HR 95% 
CI p-value 

rs34592492 

G allele+ 
vs. G– 0.328 0.043–

2.483 0.022 0.275 0.035–
2.124 0.216 0.351 0.043–

2.892 0.331 

Age at 
diagnosis    1.014 0.993–

1.036 0.197 1.024 0.999–
1.050 0.058 

T3–T4 vs. 
T1–T2       1.748 0.841–

3.634 0.135 

N1 vs. N0       1.721 0.792–
3.741 0.170 

G3 vs.  
G1–G2       0.977 0.501–

1.906 0.946 

Bolded p-values indicate statistical significance (p < 0.05). 
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Table 28. Cox’s univariate and multivariate models for overall survival (OS) 
assessing adjusted ratios for associations between SRSF1 rs34592492, age 
at diagnosis, and tumor characteristics. 

SN
P 

Covariates 

Overall Survival 

Univariate 
Multivariate 

Model No. 1 Model No. 2 
HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 

rs
34

59
24

92
 

GC vs. GG 0.772 0.237–
2.515 0.667 0.787 0.241–

2.568 0.692 0.748 0.227–
2.468 0.633 

CC vs. GG 19.947 2.489–
159.836 0.005 23.617 0.241–

196.252 0.005 12.582 1.426–
111.021 0.023 

Age at 
diagnosis    1.012 0.987–

1.037 0.364 1.022 0.997–
1.047 0.088 

T3–T4 vs. 
T1–T2       7.738 3.339–

17.934 0.000 

N1 vs. N0       1.894 0.906–
3.959 0.090 

G3 vs.  
G1–G2       0.697 0.343–

1.417 0.319 

rs
34

59
24

92
 

G allele+ 
vs. G– 0.043 0.005–

0.348 0.003 0.041 0.005–
0.343 0.003 0.078 0.009–

0.687 0.022 

Age at 
diagnosis    1.012 0.987–

1.037 0.355 1.021 0.996–
1.047 0.096 

T3–T4 vs. 
T1–T2       7.820 3.371–

18.143 0.000 

N1 vs. N0       1.839 0.885–
3.824 0.103 

G3 vs.  
G1–G2       0.697 0.343–

1.419 0.320 

Bolded p-values indicate statistical significance (p < 0.05). 
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Figure 17. Kaplan–Meier survival curves in patients with cervical cancer 
according to SRSF1 rs34592492 polymorphism in the allelic and genotype 

models, illustrating differences in OS. 
(a) The CC genotype increases the risk of shorter OS (HR = 19.947, 95% CI: 2.489–159.836, 
p = 0.005); (b) Carrying the G allele in rs34592492 increased the possibility for longer OS 
(HR = 0.043, CI: 0.005–0.348, p = 0.003). 

3.5.5. Survival analysis: focus on HOTAIR gene 
The analysis of Cox’s univariate model for HOTAIR SNPs rs12826786, 

rs7958904, and rs920778 in progression-free survival (PFS) and overall 
survival (OS) revealed no significant associations between the genotypes or 
alleles and survival outcomes. For rs12826786, neither the CT nor TT 
genotypes compared to the CC genotype, nor the presence of the C or T alleles 
showed significant hazard ratios (HRs) or p-values in both PFS and OS. 
Similarly, for rs7958904, the CG and CC genotypes compared to the GG 
genotype, as well as the presence of the G or C alleles, did not demonstrate 
significant associations with survival outcomes. Additionally, for rs920778, 
neither the AG nor AA genotypes compared to the GG genotype, nor the 
presence of the G or A alleles, were significantly associated with PFS or OS. 
These findings suggest that the variations in HOTAIR SNPs rs12826786, 
rs7958904, and rs920778 do not have a significant impact on PFS or OS in 
this dataset. The results presented in Supplementary Table 18. 
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The analysis of Cox’s univariate model for HOTAIR haplotypes in 
progression-free survival (PFS) and overall survival (OS), as presented in 
Supplementary Table 14, shows no significant associations. For the CGG 
haplotype, non-carriers vs. heterozygous diplotypes (CGG/alternative haplo-
type) yielded a hazard ratio (HR) of 1.171 (95% CI: 0.665–2.062, p = 0.585) 
for PFS and an HR of 1.231 (95% CI: 0.661–2.290, p = 0.512) for OS, indi-
cating no significant impact on survival. Similarly, for the CGA haplotype, 
non-carriers vs. homozygous diplotypes (CGA/CGA) showed an HR of 0.691 
(95% CI: 0.386–1.240, p = 0.215) for PFS and an HR of 0.593 (95% CI: 
0.317–1.110, p = 0.102) for OS, both of which were not significant. The 
comparison between heterozygous diplotypes (CGA/alternative haplotype) 
and homozygous diplotypes (CGA/CGA) could not be estimated for PFS due 
to a zero value within a cell, and for OS, it showed an HR of 0.000 (p = 0.976), 
also indicating no significant association. For the TCA haplotype, non-
carriers vs. heterozygous diplotypes (TCA/alternative haplotype) resulted in 
an HR of 1.077 (95% CI: 0.614–1.888, p = 0.795) for PFS and an HR of 1.119 
(95% CI: 0.594–2.107, p = 0.728) for OS, neither of which were significant. 
Overall, these findings suggest that variations in HOTAIR haplotypes do not 
significantly influence PFS or OS in this dataset. 

3.5.6. Survival analysis: focus on MALAT1 gene 
The analysis of Cox’s univariate model for MALAT1 SNPs rs619586, 

rs664589, and rs3200401 in progression-free survival (PFS) and overall sur-
vival (OS), as presented in Supplementary Table 19, indicates some signifi-
cant associations. For rs619586, neither the AG genotype compared to AA 
nor the G allele compared to the A allele showed significant hazard ratios 
(HRs) or p-values for PFS or OS. For rs3200401, no significant associations 
were observed between the TC or TT genotypes compared to CC, nor 
between the T allele and C allele for either PFS or OS.  

The analysis in Table 29 and Supplementary Table 19 investigates the 
associations between the MALAT1 SNP rs664589, age at diagnosis, and tumor 
characteristics with overall survival (OS) using both univariate and four 
multivariate Cox models. 

In the univariate model, the GG genotype of rs664589 showed a signi-
ficant association with poorer OS (HR = 12.212, 95% CI: 1.594–93.558, 
p = 0.016). When adjusted for additional factors in multivariate models, the 
significance of this association decreased. In Model No. 1, adjusting for age, 
the association remained significant (HR = 11.615, 95% CI: 1.510–89.330, 
p = 0.018). However, in Model No. 2, which further adjusted for the N stage 
of the tumor, the association weakened and became non-significant 



138 138 

(HR = 5.729, 95% CI: 0.734–44.691, p = 0.096). Model No. 3, adding tumor 
grade, continued this trend (HR = 5.965, 95% CI: 0.754-47.210, p = 0.091), 
and by Model No. 4, which also included tumor stage, the association was 
further attenuated (HR = 3.449, 95% CI: 0.436–27.300, p = 0.241). 

For the GC genotype of rs664589, there were no significant associations 
with OS in the univariate model (HR = 1.368, 95% CI: 0.328–5.701, p = 0.667) 
or any of the multivariate models, indicating that this genotype does not 
significantly impact OS. 

Age at diagnosis showed no significant association with OS in the 
univariate model (HR = 1.009, 95% CI: 0.984–1.034, p = 0.501). In multi-
variate models, age approached significance in Models No. 2 and 3 (HR = 
1.024, p = 0.061) but did not reach statistical significance overall. Tumor 
characteristics had notable impacts on OS. N1 stage (vs. N0) showed a strong, 
significant association with worse OS in Models No. 2 (HR = 3.954, 95% CI: 
1.976–7.912, p < 0.0001) and Models No. 3 (HR = 3.883, 95% CI: 1.924–
7.839, p < 0.0001), but this association was reduced in Model No. 4 (HR = 
1.801, p = 0.116). Tumor grade (G3 vs. G1–G2) did not show a significant 
impact on OS. Tumor stage (T3–T4 vs. T1–T2) was highly significant in 
Model No. 4, indicating a markedly higher risk of poorer OS (HR = 7.811, 
95% CI: 3.369–18.111, p < 0.0001). 

Regarding the C allele of rs664589, a significant protective effect on OS 
was observed in the univariate model (HR = 0.083, 95% CI: 0.011–0.637, 
p = 0.017). This effect remained significant in the initial multivariate model 
(HR = 0.099, p = 0.019) but became non-significant in further adjusted 
models. 

In conclusion, the analysis shows that while the MALAT1 SNP rs664589 
GG genotype is associated with poorer overall survival in the univariate 
model, this association weakens with adjustments for other factors in multi-
variate models. Age at diagnosis and tumor grade show more nuanced effects, 
with age approaching significance in some models. Tumor characteristics, 
particularly N1 stage and T3–T4 stage, demonstrate strong associations with 
overall survival, highlighting their importance in prognostic assessments. The 
rs664589 C allele initially appears to have a protective effect on overall sur-
vival, this effect diminishes and loses statistical significance when adjusting 
for age and tumor characteristics. This suggests that the observed protective 
effect may be influenced by these other factors. 
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Figure 18. Kaplan–Meier survival curves in patients with cervical cancer 
according to MALAT1 rs664589 polymorphism in the allelic and genotype 

models, illustrating differences in OS. 
(a) The GG genotype increases the risk of shorter OS (HR = 12.212, 95% CI: 1.594–93.558, 
p = 0.016); (b) Carrying the C allele in rs664589 increased the possibility for longer OS 
(HR = 0.083, CI: 0.11–0.637, p = 0.017). 
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4. DISCUSSION 

4.1. Discussion of the TLR4 gene 

The active exploration of the correlation between TLR4 SNPs and CC is 
highly compelling. This study represents the first to examine the specific 
SNPs in relation to both the clinicopathological characteristics and the 
progression of CC. Our findings establish a significant relationship between 
these SNPs in TLR4 and the occurrence of CC, indicating their potential 
utility as biomarkers for prognosticating disease development. In the future, 
detecting SNPs in TLR4 may enable patient stratification, prediction of 
clinical manifestations, assessment of risks for progression or relapse, and 
evaluation of treatment efficacy. 

This study offers several strengths, including a comprehensive dataset 
that integrates genetic information, tumor phenotype data, and survival 
outcomes. However, there are also limitations to our research. A major 
challenge is the inability to compare our findings with those of other studies, 
as there are no existing investigations examining the associations between 
these polymorphisms and the clinicopathological characteristics of CC. Addi-
tionally, the limited sample size may have influenced our results. We plan to 
address this by expanding the study population in future research. Another 
notable limitation is the absence of a control group, which would have been 
valuable in assessing the risk of CC. While genotyping errors are anticipated 
to be minimal, any resulting biases are expected to be correspondingly small. 

Two of the SNPs (rs10759932 and rs11536898) were significant in our 
analysis. Rs10759932 is located in the promoter region of the TLR4 gene and 
may regulate the TLR4 expression level by influencing the binding affinity of 
transcription factors [691]. We found that the rare homozygous rs10759932 
CC genotype is associated with shorter PFS and OS. The allelic model did 
not contradict the survival results. The T allele was linked to better survival, 
although the effect of the C allele on worse survival prognosis was not statisti-
cally significant. 

However, previously published studies provide contradictory data regarding 
the correlation of rs10759932 with cancers. Some researchers’ findings sup-
port our results, indicating that the CC genotype is an indicator of a worse 
outcome. T. Tongtawee et al. investigated 400 patients with gastric lesions, 
including chronic gastritis, gastric atrophy, intestinal metaplasia, and gastric 
cancer. They found that the rs10759932 CC homozygous genotype signifi-
cantly increased the risk of premalignant and malignant gastric lesion deve-
lopment [692]. The Cleveland case-control study in Caucasians and African 
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Americans supported the influence of rs10759932 on prostate cancer risk. 
Men carrying the CC genotype for rs10759932 had a statistically significant 
increased risk of prostate cancer (p = 0.006) compared to men carrying the 
TT genotype [693]. 

On the other hand, other research provides opposite results. The study 
conducted in the Shandong Province of Northern China demonstrates that the 
rs10759932 polymorphism was associated with susceptibility to gastric 
cancer (GC) in both genotype and allelic frequency. However, genotype CC 
was identified as a protective factor for GC. The researchers believe that the 
genetic variant of TLR4 rs10759932 might play an essential protective role in 
the development of GC [694]. Huang et al. found that the rs10759932 TC 
heterozygote and combined genotypes TC/CC were associated with a 
significantly reduced risk of gastric cancer in a high-risk population [691]. 
Similar results were obtained from a Japanese study where the rs10759932 
TC/CC genotypes decreased the risk of gastric cancer, although this did not 
reach statistical significance (p = 0.059) [695]. 

Several studies have not shown any correlations between rs10759932 
polymorphisms and cancer. These include studies on breast cancer in the 
Saudi population [686], the risk of non-cardia gastric cancer in Goyang [697], 
and the risk of colorectal cancer in Brazil [698]. A large nested case-control 
study of prostate cancer in the Physicians’ Health Study (1982–2004), including 
1267 controls and 1286 random prostate cancer cases, showed that genetic 
variation across this polymorphism is not strongly associated with prostate 
cancer risk or mortality [699]. 

The dissociation of research results may be due to sample size limi-
tations, different ethnic groups, and the multifactorial backgrounds promoting 
cancer development, including genetic factors, race, environment, and 
lifestyle. 

In our study, rs11536898 was also linked to clinical outcomes in CC 
patients. The rare AA genotype was associated with shorter progression-free 
survival (PFS) and overall survival (OS) compared to the CC genotype. 
Conversely, the C allele was inversely related to shorter PFS and OS. Further-
more, the AC genotype and A allele were associated with an increased risk of 
metastases. However, a notable association was found with the risk of pro-
state cancer. The Health Professionals Follow-up Study (HPFS) reported that 
men under 65 carrying two copies of the minor alleles of rs11536898 had a 
significantly lower risk of prostate cancer compared to non-carriers (CC and 
CA vs. AA: OR 0.59; 95% CI: 0.41–0.86) [700]. Nevertheless, many SNPs in 
this study were in high linkage disequilibrium with one another. The 
Physicians’ Health Study found no significant association between this SNP 
and the overall prevalence of prostate cancer. Additionally, there were no 
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significant associations between the SNP and advanced, fatal, or severe 
cancer, nor was there evidence of associations between TLR4 SNPs and 
prostate cancer-specific mortality or bone metastases [699]. Observational 
results from another population-based case-control study indicated that 
rs11536898 was associated with colon cancer, where the AA vs. CA/CC 
genotype showed a reduced colon cancer risk (OR 0.50, 95% CI: 0.29–0.87) 
[701]. However, other studies, including the Washington County Cancer 
Registry, the Maryland Cancer Registry, Sweden, and the Physicians’ Health 
Study, did not find significant interactions between rs11536898 and cancer 
[699, 702, 703]. Although the data remain inconclusive, we speculate that the 
A allele may be associated with a worse prognosis. 

Unfortunately, in our study, we did not find statistically significant asso-
ciations between SNPs rs4986790 and rs4986791 and the pathomorpholo-
gical features or outcomes of cervical cancer. These SNPs have been extensi-
vely studied worldwide and are potentially linked to other cancers, influen-
cing both risk and prognosis. 

Rs4986790 is a common polymorphism that results in an amino acid 
change from aspartate to glycine. In a study of 122 Tunisian women with 
cervical cancer compared to 260 healthy controls, the TLR4 polymorphism 
Asp299Gly (rs4986790) was associated with a higher risk of cervical cancer. 
The homozygous Asp/Asp genotype and the Asp allele were both linked to 
an increased risk of developing cervical cancer (OR 4.95, 95% CI: 1.97–13.22 
and OR 5.17, 95% CI: 2.11–13.50, respectively) [704]. Another Tunisian 
case-control study with 130 cervical cancer patients and 260 controls found 
that the Asp/Asp genotype was significantly more common among cervical 
cancer cases at both early (I + II) and advanced stages (III + IV) compared to 
controls. The Asp allele was particularly associated with early-stage tumors 
[705]. 

Conversely, an Indian study involving 110 untreated cervical cancer 
patients and 141 healthy controls found that the minor allele G of rs4986790 
was associated with an increased risk of cervical cancer, although no 
genotypic association was observed [178]. Pandey et al., in a study of North 
Indian women, found no association between rs4986790 and rs4986791 and 
cervical cancer risk at the genotype, allele, and haplotype levels. However, 
their study of 150 cervical cancer patients and 150 healthy controls did show 
that the Thr399Ile (rs4986791) polymorphism, particularly the Thr/Ile geno-
type, was significantly associated (p = 0.044) with stage II cervical cancer 
and conferred a 2.51-fold increased risk of developing cervical cancer at an 
early stage [706]. 

A study conducted in a Chinese Han population, including 1262 partici-
pants (420 cervical cancer patients and 842 controls), did not find a signi-
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ficant association of rs4986791 with cervical cancer risk [707]. In evaluating 
other female-related cancers, a study at the Hunter Centre, Australia, com-
paring allele and genotype frequencies for rs4986790 between 191 endomet-
rial cancer cases and 291 controls, found no associations with endometrial 
cancer risk [708]. Additionally, TLR4 Asp299Gly and Thr399Ile alleles were 
not detected in a study of 105 ovarian cancer patients in northern China, 
indicating lower frequencies of these alleles in this population compared to 
other studies [709]. 

Among 70 women with ovarian cancer in Poland, the heterozygous 
variant and recessive G allele of rs4986790 were found more frequently than 
in 130 healthy controls, suggesting an increased risk of ovarian cancer for its 
carriers. However, no differences in the distribution of rs4986791 between 
cases and controls were observed [710]. In a study at the “Hippocratic” 
General Hospital of Athens, Greece, which included 261 breast cancer 
patients and 480 healthy individuals, Gly carriers of rs4986790 (Asp/Gly & 
Gly/Gly genotypes) and the Gly allele were more common among breast 
cancer cases (p = 0.0031 and p = 0.0061, respectively) [711]. In Saudi Arabia, 
rs4986790 showed a significant association with breast cancer malignancy in 
estrogen receptor (ER)-positive patients. Specifically, the AA genotype was 
significantly more frequent among patients compared to controls, while the 
AG genotype was less common [696]. 

TLR4 polymorphisms rs4986790 and rs4986791 may significantly 
increase the risk of gastric cancer. Two studies by Juliana Garcia de Oliveira 
highlight the substantial influence of these SNPs on gastric cancer risk within 
the Brazilian population [712, 713]. However, Garza-Gonzalez et al. found 
no correlation between TLR4 polymorphisms and gastric cancer in the 
Mexican population [714]. Conversely, a study by Trejo-de la et al. observed 
that the D299G (rs4986790) polymorphism was significantly associated with 
duodenal ulcers and showed a trend towards association with gastric cancer 
in a Mexican cohort [715]. 

In Italy, Santini et al. found that the Thr399Ile polymorphism was linked 
to increased susceptibility to gastric cancer [716]. Data from a Caucasian 
population-based case-control study suggested that the TLR4 +896A > G 
polymorphism might be a risk factor for non-cardia gastric carcinoma and its 
precursors [717]. However, a nested case-control study within the European 
Prospective Study Cancer Group reported low frequencies of risk alleles for 
rs4986790 and rs4986791, and the associations in the codominant model 
were not significant [718]. 

In the Ethnic Kashmiri population, no overall significance was found for 
gastric cancer risk, though odds ratio analysis indicated that carriers of the 
Asp299Gly G allele were significantly associated with tumors in the distal 
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part of the stomach. Conversely, carriers of the Thr399Ile T allele were asso-
ciated with well-differentiated gastric adenocarcinoma [719]. A meta-analy-
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Asp299Gly and Thr399Ile SNPs and gastric cancer susceptibility was found 
in Shandong Province, Northern China [694]. 
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linked to an increased CRC risk. Additionally, the rs4986791 CT/TT geno-
type was significantly associated with CRC. The G allele of rs4986790 was 
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rectal cancer specifically [726]. 

Large case-control studies and meta-analyses have found no significant 
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clinical features [698, 703, 727, 728]. 

Few studies have explored the relationships between these SNPs and 
other types of cancer. A Turkish case-control study on lung cancer (both 
NSCLC and SCLC) found no association between rs4986790 and lung cancer 
risk. However, the rs4986791 CT genotype was associated with a 3.857-fold 
increased risk of lung cancer compared to the CC genotype (p = 0.041) [729]. 
A study of patients with head and neck squamous cell carcinoma from 
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disease-free survival (DFS) (p = 0.04) and worse overall survival (OS) (p = 
0.04) compared to the Asp299Asp genotype. Patients with the rs4986790 
wild-type genotype (TLR4 Asp299Asp vs. TLR4 Asp299Gly) had signifi-
cantly longer DFS with adjuvant systemic treatment (p = 0.004). A similar 
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and controls in Germany, carriers of the minor allele for the rs4986790 
polymorphism had longer overall survival (p = 0.01) and improved survival 
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following metastases (p = 0.02) [732]. A study of Saudi Arabian patients with 
acute lymphoblastic leukemia (ALL) and healthy controls found that the 
rs4986790 and rs1927906 SNPs were associated with protective effects 
against ALL, with the AG genotype showing a significant protective effect 
(p = 0.002) [733]. 

Several meta-analyses have sought to generalize the data on TLR4 
polymorphisms. In a meta-analysis by Zhu L et al., which included 34 publi-
cations, TLR4 rs4986790 and rs4986791 were associated with an increased 
overall cancer risk. The impact of rs4986790 was particularly notable in 
female-specific and digestive cancers, especially gastric cancer. The effect of 
rs4986791 was also significant for gastric cancer. However, no significant 
association was observed between rs4986790 and prostate cancer risk. The 
association between rs4986791 and cancer risk was significant in both South 
Asians and East Asians, but not in Caucasians [734]. 

Ding et al., in their meta-analysis of 55 publications, found that rs4986790 
was not strongly associated with cancer risk. In contrast, the rs4986791 
polymorphism was consistently linked to a reduced cancer risk in the general 
population. Their subgroup analysis revealed that Caucasian female-specific 
cancers were significantly associated with rs4986790 polymorphisms, while 
Asian digestive cancers were significantly influenced by the rs4986791 
polymorphism [172]. 

While accumulated evidence suggests that TLR4 polymorphisms may 
modulate the risk and development of various cancers, further replication of 
these findings is needed. In our study, the SNPs rs10983755, rs11536897, 
rs11536865, and rs1927906 did not correlate with clinical features or outcomes 
of cervical cancer (CC). Although rs10983755 is associated with gastric 
carcinogenesis and may provide some protection against H. pylori infection 
[697, 735], we found no significant association with H. pylori infection or 
with the overall survival of gastric cancer in another Chinese population 
study. Notably, patients with lymph node metastases undergoing postopera-
tive chemotherapy and carrying the rs10983755 AA genotype had a hazard 
ratio (HR) of 0.328 compared to those with the GG + AG genotype [736]. 

The TLR4 polymorphisms rs11536897 (3084), rs1927906 (3189), and 
rs11536865 (729G/C) are rare, and their functions remain unclear. In our 
study, all cases of rs11536865 were GG genotypes. There is evidence sug-
gesting an interaction between TLR4 polymorphisms and hepatitis C virus 
(HCV) status [737]. The 729GC polymorphism has been linked to an increased 
risk of bladder cancer, with the 729GC genotype significantly affecting lower 
TLR4 mRNA and protein levels, potentially leading to dysregulation of TLR4 
expression [738]. In a case-control study of Korean men with prostate cancer, 
all 300 cases exhibited the GG genotype at rs11536897 [739]. No association 
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between rs11536897, rs1927906, and prostate cancer was found in a pooled 
Swedish case-control study and a meta-analysis by Weng et al. [703,727]. 
However, the rs1927906 heterozygous CT genotype was associated with a 
decreased cancer risk in Saudi Arabian patients with acute lymphoblastic 
leukemia (ALL) [733]. 

Our study indicates that TLR4 SNPs rs10759932 and rs11536898 could 
potentially serve as markers for assessing survival prognosis in cervical 
cancer. Specifically, rs11536898 warrants further investigation due to its 
potential impact on cancer metastases. However, due to the limited sample 
size, additional research involving a larger cohort of cervical cancer patients 
is necessary to validate these findings. 

Our results offer a foundation for future research on cervical cancer and 
other infection-related cancers, suggesting that these polymorphisms could 
be evaluated to understand their functional roles better. While there is 
growing evidence on the significance of genetic variation in the development 
of cervical cancer, the exploration of immune-related gene variants is still in 
its nascent stages. Larger studies encompassing diverse ethnic backgrounds 
are required to corroborate our findings. Identifying variants that influence 
the tumor immune response could provide targeted strategies for combating 
cervical cancer development and progression. In the future, detecting SNPs 
in TLR4 may become a valuable tool for predicting the clinical manifesta-
tions, risk, and prognosis of cervical cancer. 

4.2. Discussion of the RRP1B, SIPA1, and SRSF1 genes  

In our study, all examined SNPs in RRP1B gene exhibited significant 
associations with clinicopathological features of cervical cancer. Rs2838342, 
rs2051407, and rs762400 were linked to tumor size (T) and metastasis (M), 
while rs7276633 was associated with tumor size and rs9306160 was asso-
ciated with metastasis. When analyzing the prognosis of the disease, consi-
dering tumor size and differentiation, significant results were observed in 
cases involving rs2838342, rs7276633, and rs2051407. Additionally, rs2838342 
and rs7276633 were associated with the stage of the disease and patients’ age 
groups. Based on these abundant and trending findings, it can be anticipated 
that RRP1B SNPs play a role in influencing the aggressiveness of cervical 
cancer and and the risk of metastasis.  

Regrettably, our data could not be compared with that of other researchers, 
as we were unable to find publications specifically investigating and ana-
lyzing RRP1B polymorphisms in cervical cancer cases. Evaluating the results 
of rs2838342, rs7276633, rs2051407, and rs762400 polymorphisms poses 
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particular difficulties. In some cases, explaining the lack of correspondence 
between the genotypic model and the allelic model in the associations with 
the clinical characteristics of the tumor is challenging, especially due to the 
absence of published results from studies analyzing these SNPs. The analysis 
of these four polymorphisms clearly delineated the tendency of the more 
common allele to enhance overall survival. However, further replication of 
these findings is still needed.  

A review of the global literature focused on the expression levels of 
RRP1B. Crawford et al. conducted research on breast cancer. Expression of 
RRP1B, and the activity of RRP1B expression, was investigated to be higher 
in low-metastatic mice inbred strains with mammary cancer compared to 
high-metastatic strains. Additionally, the variation in RRP1B expression 
within a highly metastatic mouse mammary tumor cell line was found to 
modify progression. Ectopic Expression of RRP1B reduced tumor growth 
and metastatic potential. Expression of this gene also predicted survival in 
human breast cancer. A significant difference in overall survival for the 
groups with good and poor prognosis, predicted by the RRP1B activation 
signature, was observed across various datasets [8, 207]. RRP1B has been 
represented as a likely biomarker for early gastric cancer. The expression 
level of RRP1B was significantly reduced in 76 early gastric cancer tissues 
compared with normal cases in the Chinese study [740]. The other study 
involved the analysis of 54 pairs of laryngeal tumor and adjacent normal 
tissues, it was revealed that RRP1B is significantly downexpressed in 
laryngeal squamous cell carcinoma [741]. There is a potential link between 
ALY (Aly/REF export factor), RRP1B, and metastasis in oral squamous cell 
carcinoma (OSCC). A knockdown of ALY reduces invasiveness and migra-
tion in OSCC cells, accompanied by an increase in RRP1B expression. Elevated 
RRP1B, alongside CD82, in ALY knockdown cells indicates that RRP1B may 
play a key role in regulating OSCC cellular invasiveness and migration [742].  

Several studies have been conducted to evaluate the influence of RRP1B 
in non-oncological diseases. RRP1B is one of the genes regulating AREG 
(Amphiregulin) in endothelial cells, with HIF-1⍺ playing a role in their upre-
gulation in hypoxia. Silencing RRP1B reduces inflammation and apoptosis, 
highlighting its potential significance in pulmonary hypertension pathology 
[743]. It has been identified that RRP1B participates in the pathogenetic 
process of sepsis by regulating the activation and differentiation of lympho-
cytes. [744]. Based on a large-scale genome-wide association study, RRP1B 
is associated with a significant signal of blood pressure regulation [745]. The 
RRP1B gene was associated with blood pressure response to specific anti-
hypertensive drugs, particularly atenolol [746]. The expression of RRP1B 
was analyzed in leucocytes of individuals with Down’s syndrome (DS). The 
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results indicated that RRP1B showed significant upregulation in DS patients 
compared to the normal population [747].  

It is interesting that data from the Cancer Genome Atlas (TCGA) project 
suggest the expression level of RRP1B is not a prognostic factor in cervical 
cancer survival analysis (https://tcga-data.nci.nih.gov/docs/publications/cesc_ 
2016/, accessed on 15 December 2023). 

There are few studies evaluating the associations of RRP1B rs9306160 
polymorphisms with cancer risk or clinical data.  

In our study, we found that the C allele of rs9306160 is more common 
and may have a significant protective effect against metastasis (p = 0.008). 
The variant T allele did not show statistically significant results, but the TT 
genotype increased the risk for metastasis (p-value close to the significance 
at 0.051). Unfortunately, we did not obtain significant associations between 
rs9306160 and clinical features such as lymph node metastasis, tumor diffe-
rentiation, or survival rates. But if we consider that a frequent allele is a sign 
of a better prognosis, then when analyzing the results of other authors’ 
studies, the data differ.  

Crawford et al.’s study with breast cancer outcomes was conducted in 
two cohorts: one from Orange County and another from the Greater Balti-
more Area. Consistent findings were observed between the cohorts, although 
some differences could be at tributed to cohort characteristics. They found a 
significant association between the variant A allele of rs9306160 and disease 
stage in a Caucasian cohort. The A allele was more prevalent in patients with 
localized disease compared to those with advanced regional or metastatic 
disease. The variant allele showed significant associations with various tumor 
characteristics, including estrogen receptor (ER) and progesterone receptor 
(PR) status, the presence of lymph node disease, and tumor grade. It was more 
fre quent in patients with ER-positive and PR-positive tumors, as well as in 
those with well-to-moderately differentiated tumors. Carriers of the variant 
allele had better breast cancer-specific survival compared to homozygous 
carriers of the common allele (G/G). This survival advantage was more pro-
nounced in patients with ER-positive tumors [8].  

Another study involved 1863 Dutch patients with operable primary breast 
cancer from Rotterdam, The Netherlands. The investigation identified a 
significant association of variants in rs9306160 with metastasis-free survival 
(MFS) (p = 0.012). Specifically, the study revealed a connection between the 
T allele of the RRP1B SNP (rs9306160) and a more favorable prognosis in 
MFS among breast cancer patients. Carrying the T allele (CT or TT genoty-
pes) of rs9306160 was associated with a positive outcome in terms of MFS. 
Remarkably, this association maintained significance even in multivariate 
analysis, indicating that the T allele functions as an independent prognostic 
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factor. Notably, the association with patients’ survival was confined to estro-
gen receptor-positive, lymph node-negative (ER+/LN−) patients (p = 0.011). 
Furthermore, combining the genotypes of two genes (SIPA1 and RRP1B) de-
monstrated a significant ability to discriminate patients with poor metastasis-
free survival (HR: 0.40, 95% CI: 0.24–0.68, p = 0.001). It is important to 
acknowledge the study’s limitations, as the observed association was signifi-
cant only for a specific subgroup (ER+/LN− patients) and not for other patient 
subgroups (ER+/LN+, ER−/LN+, ER−/LN−). The study was conducted 
within a Dutch patient population, and to establish broader applicability, the 
results may require validation in diverse populations [748].  

On the other hand, the study of Nanchari et al., which included 493 breast 
cancer cases and 558 age-matched healthy female controls, could reflect a 
guideline for the results we obtained. The TT genotype and T allele frequen-
cies of the RRP1B rs9306160 (1307T>C) polymorphism were significantly 
elevated in breast cancer cases compared to controls. The presence of the 
T allele conferred a 1.75-fold increased risk for breast cancer development. 
The TT genotype was associated with a higher risk under codominant and 
recessive models. Moreover, the TT genotype frequency was significantly 
elevated in obese patients, patients with advanced disease, and those with 
increased tumor size. The T allele was associated with positive lymph node 
status and Her2-negative receptor sta tus. In silico analysis of RNA secondary 
structures near the SNP site indicated that the T allele may result in a less 
stable mRNA structure compared to the C allele, potentially affecting functio-
nal interactions. The study suggests that the TT genotype may increase the 
risk for both breast cancer development and progression. It acknowledges 
deviations from the Hardy–Weinberg equilibrium and suggests the possibility 
of selective forces influencing genotype frequencies over generations. 
Additionally, the study highlights discrepancies in results compared to other 
cohorts, possibly due to ethnic variations. The C allele was more frequent in 
both controls and breast cancer cases, indicating that the C allele was more 
prevalent in both groups. However, there were differences in allele fre 
quencies between controls and breast cancer cases. It is important to note that 
the find ings are specific to the population studied (Southern Indian) and may 
not be directly applicable to other populations [749].  

Earlier research from Lithuania characterized a group of young Lithua-
nian patients with breast cancer. Consistent with our findings, the prevalence 
of the C allele of rs9306160 (c.436T4C) was higher, constituting 59.5% in 
the allelic model. The study revealed a statistically significant association 
between rs9306160 and tumor grade (G). Specifically, the T allele was signi-
ficantly linked to G3 tumor grade (high-grade tumors), indicating a higher 
probability of G3 grade in carriers of the T allele. This association remained 
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significant after adjustments, including age at diagnosis, tumor receptor 
status, tumor size, and lymph node involvement, suggesting an independent 
effect of the polymorphism on this breast cancer characteristic. The C allele 
was associated with ER-positive status, implying a higher likelihood of 
positive ER in individuals with the CC genotype or carriers of the C allele. 
Therefore, these findings support the notion of the T allele as a worse 
prognostic factor [750].  

Moreover, a case-control study involving 100 Iraqi women (75 with con-
firmed breast cancer and 25 with normal breast tissue) could also corroborate 
the observed trend in our results. The results indicated a higher frequency of 
the CC genotype in the control group. The homozygous TT genotype was 
associated with histologic grade, and this association remained significant 
across all grades. Among cancer patients with a high-grade variant, T alleles 
were more prevalent compared to those in low-grade conditions. Further-
more, the (TT) genotype was more frequently observed in breast cancer cases 
with metastatic lymph node involvement compared to cases without lymph 
node involvement [751].  

Our extended haplotype analysis of the investigated SNPs revealed that 
GCTTC haplotype non-carriers, predominantly consisting of ATCCG haplo-
types, were less likely to exhibit advanced tumor size and metastasis. These 
findings were consistent with the results obtained from allelic models. The 
same trend was also noted in survival assessments. Consequently, we posit 
that these haplotypes could serve as independent markers.  

In the present study, we examined the associations between five func-
tional SNPs in the RRP1B gene and the clinicopathological profiles and 
survival rates in a cohort of Lithuanian women with cervical cancer. Our 
study is the first to analyze RRP1B SNPs for assessing the clinicopathological 
features and progression of CC. It establishes a link between SNPs in RRP1B 
and CC, suggesting these genetic variants as predictive biomarkers for prog-
nosticating the development of the disease in the future. The study boasts 
several strengths, including a comprehensive dataset comprising genetic data, 
tumor phenotype information, and survival data. However, certain limitations 
warrant consideration. Notably, the absence of comparable studies on asso-
ciations between these polymorphisms and clinicopathological characte-
ristics of CC prevents a direct comparison of our results. Additionally, the 
limited sample size may have influenced the robustness of our findings. 
Furthermore, a notable weakness is the absence of a control group, hindering 
the assessment of CC risk.  

Our investigation indicates a potential link between RRP1B polymor-
phisms and the pathomorphological features of cervical cancer, as well as 
disease outcomes. The association of these genetic variations with the aggres-



152 152 

siveness of cervical cancer underlines the importance of considering germline 
factors in understanding cancer behavior. This observation opens avenues for 
further research to elucidate the mechanistic basis of RRP1B’s involvement 
in metastatic processes and its clinical implications. While RRP1B may not 
traditionally be classified as an oncogene, we believe that its inclusion in our 
investigation offers a unique opportunity to uncover novel facets of the 
disease’s molecular underpinnings. Importantly, our decision to study RRP1B 
stems from a comprehensive approach aimed at elucidating the full spectrum 
of genetic factors contributing to cervical cancer development and progres-
sion. We recognize that the complexity of cancer biology extends beyond 
well-established oncogenes, and ex ploring genes like RRP1B allows us to 
broaden our understanding of the disease. 

All investigated RRP1B polymorphisms (rs2838342, rs7276633, 
rs2051407, rs9306160, and rs762400) in our study have the potential to serve 
as markers for clinical characteristics and prognosis in cervical cancer. 
Among these, three (rs2051407, rs9306160, and rs762400) were found to be 
significant in relation to metastasis, while rs2838342 showed potential asso-
ciation with metastasis. Rs2838342, rs7276633, rs2051407, and rs762400 
showed the assotiations with survival outcomes. Haplotypes analysis was in 
line with the allelic models. These results highlight the intricate interplay 
between genetic factors and clinical dynamics in the progression of tumors. 
Nevertheless, it is crucial to acknowledge that certain comparisons did not 
attain statistical significance, possibly owing to the relatively small sample 
size. Considering the clinical context is imperative, it is essential to interpret 
the results cautiously, especially for genotypes or alleles with borderline 
significance levels. Our results offer insights for subsequent studies on 
cervical cancer and other cancer types, examining these polymorphisms to 
ascertain their functionality. In the future, SNP detection in RRP1B may serve 
as a predictive tool for assessing the clinical manifestations and prognoses of 
cervical cancer.  

In our study for the SIPA1 SNPs rs931127 and rs3741378 SNPs, no 
significant associations with tumor phenotype were found. However, the 
rs746429 SNP was significantly linked to tumor differentiation (G), with the 
GA genotype and A allele associated with a decreased risk of poorly diffe-
rentiated tumors (G3). Multivariate analyses confirmed that both the GA 
genotype and A allele offer protection against aggressive tumor characte-
ristics. Additionally, the GA genotype and A allele were linked to a lower 
likelihood of being under 50 years old and a reduced risk of poor prognosis. 
Overall, rs746429, particularly the GA genotype and A allele, may help 
improve cervical cancer prognosis by mitigating poor tumor differentiation 
and adverse outcomes. Survival analysis showed no significant associations 
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in metastatic processes and its clinical implications. While RRP1B may not 
traditionally be classified as an oncogene, we believe that its inclusion in our 
investigation offers a unique opportunity to uncover novel facets of the 
disease’s molecular underpinnings. Importantly, our decision to study RRP1B 
stems from a comprehensive approach aimed at elucidating the full spectrum 
of genetic factors contributing to cervical cancer development and progres-
sion. We recognize that the complexity of cancer biology extends beyond 
well-established oncogenes, and ex ploring genes like RRP1B allows us to 
broaden our understanding of the disease. 

All investigated RRP1B polymorphisms (rs2838342, rs7276633, 
rs2051407, rs9306160, and rs762400) in our study have the potential to serve 
as markers for clinical characteristics and prognosis in cervical cancer. 
Among these, three (rs2051407, rs9306160, and rs762400) were found to be 
significant in relation to metastasis, while rs2838342 showed potential asso-
ciation with metastasis. Rs2838342, rs7276633, rs2051407, and rs762400 
showed the assotiations with survival outcomes. Haplotypes analysis was in 
line with the allelic models. These results highlight the intricate interplay 
between genetic factors and clinical dynamics in the progression of tumors. 
Nevertheless, it is crucial to acknowledge that certain comparisons did not 
attain statistical significance, possibly owing to the relatively small sample 
size. Considering the clinical context is imperative, it is essential to interpret 
the results cautiously, especially for genotypes or alleles with borderline 
significance levels. Our results offer insights for subsequent studies on 
cervical cancer and other cancer types, examining these polymorphisms to 
ascertain their functionality. In the future, SNP detection in RRP1B may serve 
as a predictive tool for assessing the clinical manifestations and prognoses of 
cervical cancer.  

In our study for the SIPA1 SNPs rs931127 and rs3741378 SNPs, no 
significant associations with tumor phenotype were found. However, the 
rs746429 SNP was significantly linked to tumor differentiation (G), with the 
GA genotype and A allele associated with a decreased risk of poorly diffe-
rentiated tumors (G3). Multivariate analyses confirmed that both the GA 
genotype and A allele offer protection against aggressive tumor characte-
ristics. Additionally, the GA genotype and A allele were linked to a lower 
likelihood of being under 50 years old and a reduced risk of poor prognosis. 
Overall, rs746429, particularly the GA genotype and A allele, may help 
improve cervical cancer prognosis by mitigating poor tumor differentiation 
and adverse outcomes. Survival analysis showed no significant associations 
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between SIPA1 SNPs rs746429, rs931127, and rs3741378 with progression-
free survival (PFS) or overall survival (OS). 

In comparison with other research on these three SNPs, only one study 
specifically addressed their role in cervical cancer. The study by Brooks et al. 
examined the association of SNPs in SIPA1 with nodal metastases in early-
stage cervical cancer. Their cohort included 101 patients with positive lymph 
nodes and 273 patients with negative lymph nodes as controls. Brooks et al. 
[752] similarly found no significant correlations between rs746429 and 
rs931127 with cervical cancer survival. They did not assess tumor differen-
tiation, metastasis, or prognosis. However, the G allele at both rs931127 and 
rs746429 in SIPA1 was associated with nodal disease overall. Specifically, in 
patients with smaller stage I B1 tumors, the G allele was linked to an increa-
sed risk of nodal metastases for both SNPs. Conversely, this association was 
not significant in stage I B2 tumors, which are larger lesions. The G allele in 
SIPA1 at rs746429 and rs931127 was significantly associated with nodal 
disease in patients without lymphovascular space invasion (LVSI), which was 
considered as an independent poor prognostic. The GG genotype was linked 
to a higher risk of nodal disease in both SNPs among patients without LVSI. 
Histologically, these SNPs were not related to histology types such as adeno-
carcinoma or squamous cell carcinoma. Additionally, the SNP genotype 
distributions in our study and those of Brooks slightly differ, and our study 
lacked a control group. 

In studies of other cancers, research on the associations between seven 
SIPA1 SNPs and recurrence and survival in 1,015 patients with primary breast 
cancer found that rs746429 was not associated with overall survival or 
recurrence [753]. 

Qu et al. investigated functional SNPs in the SIPA1 gene for their impact 
on breast cancer risk and survival among Chinese women. The study included 
1,134 breast cancer patients and 1,234 age-matched community controls from 
the Shanghai Breast Cancer Study, a large case-control study. The analysis 
revealed that SIPA1 polymorphisms did not affect breast cancer risk. However, 
certain SNPs were linked to overall survival. Specifically, the GA/AA geno-
types of rs746429 showed a marginally significant association with poorer 
overall survival compared to the GG genotype, with the effect being more 
pronounced in early-stage cancer patients than in late-stage patients. Con-
versely, the AA genotype of rs3741378 was associated with improved overall 
survival compared to the GG genotype. No significant association was found 
between SIPA1 polymorphisms and disease-free survival. These results suggest 
that SIPA1 genetic variations may influence breast cancer progression [754]. 

The SIPA1 c.2760G>A (rs746429) polymorphism was significantly linked 
to lymph node status in the Lithuanian breast cancer cohort. Patients with the 
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GA genotype had a lower likelihood of positive lymph nodes compared to 
those with the GG genotype, with this association persisting after adjusting 
for age and tumor receptor status. In the case of the SIPA1 c.545C>T 
(rs3741378) polymorphism, it was a significant prognostic factor for progres-
sion-free survival (PFS) and metastasis-free survival (MFS). Patients with the 
CT genotype had shorter PFS and MFS compared to those with the CC 
genotype, and T allele carriers had a higher risk of shorter MFS. Even after 
adjusting for age, treatment, and other factors, the CT genotype remained a 
strong negative predictor for both PFS and MFS [750]. 

Genetic variation in SIPA1, linked to aggressive breast tumors, was tested 
for associations with breast cancer risk and survival in two large case-control 
studies in Poland and Britain. Three SIPA1 SNPs (rs931127, rs3741378, and 
rs746429) were genotyped in over 4,000 cases and controls. No significant 
associations were found between these variants and breast cancer risk or 
overall survival. The results do not support a link between SIPA1 polymor-
phisms and breast cancer risk or prognosis [755]. 

Roberts et al. analyzed 154 SNPs in 12 metastasis-related genes, 
including rs746429, rs931127, and rs3741378, in a cohort of 2,671 women 
(European-American and African-American) to explore associations with 
breast cancer risk based on LN and ER status. Using the adaptive rank 
truncated product (ARTP) method, SIPA1 was significantly associated with 
ER− breast cancer. However, no single-SNP associations were significant 
after false discovery rate (FDR) adjustment [756]. 

In a case-control study conducted by Hsieh et al. on a Caucasian cohort 
in Queensland, Australia, 200 women diagnosed with breast cancer were 
compared to a control group of 200 women with no history of cancer. The 
results revealed a significant association with the SIPA1 SNP rs3741378, 
where the CC genotype was more prevalent in the breast cancer group than 
in the cancer-free control group, suggesting that the variant C allele is linked 
to a higher incidence of breast cancer. While it showed association with 
hormonal receptor status in breast cancer group in a previous pilot study. 
While other SIPA1 SNPs (rs931127 and rs746429) did not show a significant 
link to breast cancer incidence, they were associated with lymph node 
metastasis in earlier research, indicating SIPA1's potential involvement in 
various stages of breast cancer progression [757]. 

In a study by Mackawy et al., 80 Egyptian women (50 breast cancer 
patients and 30 controls) were analyzed to examine the association of SIPA1 
SNPs with breast cancer risk and prognosis. The rs3741378 TT genotype was 
significantly associated with increased breast cancer risk, advanced tumor 
stages, higher grades, and lymph node metastasis. The T allele also correlated 
with negative ER status. In contrast, the rs746429 SNP showed no significant 
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association with breast cancer risk or progression. These findings suggest that 
the SIPA1 rs3741378 C>T SNP may serve as a biomarker for breast cancer 
risk and progression [758]. 

Nguyen et al. investigated the association between the rs3741378 SNP in 
the SIPA1 gene and breast cancer in a cohort of 50 breast cancer patients and 
50 healthy controls from the Vietnamese population. The preliminary findings 
revealed a significant association between the C allele and an increased risk 
of breast cancer (p = 0.006, OR = 2.843). However, the analysis did not find 
a significant correlation between the mutant genotypes and the disease [759]. 

Yi et al. conducted a meta-analysis evaluating the association between 
three common SIPA1 SNPs (rs746429, rs931127, and rs3741378) and breast 
cancer risk, pooling data from four studies with 4,907 cases and 5,294 
controls. They found that the rs746429 GG and GA genotypes were linked to 
a reduced risk of breast cancer, while rs931127 and rs3741378 showed no 
significant association with the disease. Specifically, for the rs746429 SNP, 
significant reductions in breast cancer risk were observed for GG vs. AA 
(OR 0.88, p = 0.04), GA vs. AA (OR 0.88, p = 0.03), and GG+GA vs. AA 
(OR 0.88, p = 0.04). However, no significant difference was found between 
GG vs. GA+AA. For rs931127, no significant differences were observed: AA 
vs. GG, AG vs. GG, AA+AG vs. GG, and AA vs. AG+GG. Similarly, no 
significant association was found for rs3741378: CC vs., CT vs. TT, CC+CT 
vs. TT, and CC vs. CT+TT [232]. 

In the study by Gdowicz-Kłosok et al., 351 Caucasian patients with in-
operable non-small cell lung cancer (NSCLC) were analyzed, with most cases 
(91.5%) in advanced stages (IIIA–IV). The focus was on the SIPA1 -313A>G 
(rs931127) polymorphism’s impact on overall survival (OS) and progression-
free survival (PFS). The minor allele frequency of the SIPA1 -313G allele was 
0.39, and genotype distribution followed Hardy-Weinberg equilibrium. The 
GG genotype was linked to significantly shorter PFS and OS, particularly in 
advanced-stage patients and those receiving radiotherapy alone. In all 
patients, GG homozygotes had a higher risk of disease progression under both 
codominant and recessive models. In advanced stages, the GG genotype 
further increased the risk of progression. For OS, the GG genotype was asso-
ciated with worse outcomes in patients treated with radiotherapy alone 
(HR 2.41, p = 0.020 for OS; HR 2.34, p = 0.020 for PFS). Multivariate analy-
sis confirmed the GG genotype as an independent predictor of poor PFS, 
especially when combined with factors like advanced stage, lack of chemo-
therapy, low radiation dose, and high smoking exposure. The study suggests 
that the SIPA1 -313A>G polymorphism, particularly the GG genotype, may 
serve as a biomarker for poor prognosis in unresectable NSCLC, indicating 
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earlier progression and reduced survival, especially in patients treated with 
radiotherapy alone [760]. 

Further research is needed to validate these findings on SIPA1 gene 
polymorphisms and to understand the underlying mechanisms. 

In our study, we investigated the SRSF1 SNPs rs8819, rs34592492, 
rs11654058, and rs2233908 to explore potential associations with tumor 
phenotypes, prognosis, and patient age. However, no significant correlations 
were observed between the genotypes or alleles of these SNPs and the clinical 
outcomes examined. 

When focusing on the SRSF1 SNP rs34592492, we observed that the 
presence of the G allele (G+ vs. G–) appeared to confer a significant protec-
tive effect on progression-free survival (PFS). This suggests that the G allele 
may play a beneficial role in disease progression. However, the univariate 
analysis comparing the CC and GG genotypes for overall survival (OS) indi-
cated a substantial increase in risk associated with the CC genotype, implying 
a potentially detrimental effect. The wide confidence interval (CI) around the 
hazard ratio (HR) estimate suggests a high degree of variability and uncer-
tainty, likely due to our relatively small sample size. This limitation restricts 
the precision of our estimates and may reflect substantial heterogeneity 
within our sample population. We should note that the allele distribution in 
our sample differs significantly from the European population data (p < 0.05). 

Further analysis using Cox’s univariate model to assess the impact of 
SRSF1 haplotypes on PFS and OS revealed no significant associations. Addi-
tionally, the evaluation of SRSF1 diplotypes did not uncover any meaningful 
connections with clinical characteristics or patient survival outcomes. 

Our ability to contextualize these findings within the broader scientific 
literature is constrained by the limited number of studies available on the 
specific SRSF1 SNPs we investigated, namely rs34592492, rs11654058, 
rs2233908, and rs2585828. Of the few studies that have been conducted, only 
two explored the rs8819 variant. One study found no association between the 
SRSF1 rs8819 variant and pancreatic cancer in a case-control study involving 
298 pancreatic cancer patients and 525 cancer-free controls from Central 
China [761]. Another study by Yang et al. identified a relationship between 
the T/C polymorphism at rs895819 and bipolar disorder, although this does 
not directly pertain to cancer phenotypes [762]. 

While evidence is accumulating regarding the significance of genetic 
variation in the etiology and development of cervical cancer, research 
exploring the role of metastasis-related gene variants in cervical cancer is still 
in its early stages. In conclusion, while our findings offer some insights into 
the potential influence of SRSF1 polymorphisms on cancer phenotypes, it is 
premature to draw definitive conclusions. The limited availability of related 
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studies, combined with the variability and uncertainty in our results, under-
scores the need for further research to clarify the role of SIPA1 and SRSF1 
polymorphisms in cancer development and progression. 

4.3. Discussion of the long non-coding RNAs  
HOTAIR and MALAT1 

For the HOTAIR variants rs12826786, rs7958904, rs920778, and their 
haplotypes, no significant associations were found between these genotypes, 
alleles, or haplotypes and tumor characteristics (such as size, nodal 
involvement, metastasis, differentiation, stage, prognosis) or patient survival 
in our study 

However, a review of the global literature reveals that some researchers 
have found significant associations, suggesting that rs12826786, rs7958904, 
and rs920778 are related to various cancers and other diseases. 

In a study conducted in a northern Chinese population involving 515 
gastric cardia adenocarcinoma (GCA) patients and 654 controls, higher 
HOTAIR expression was observed in tumor tissues compared to normal 
tissues. Among the three HOTAIR SNPs investigated, the T allele of 
rs12826786 was associated with an increased risk of GCA, and this risk was 
correlated with smoking habits and advanced TNM stage. Elevated HOTAIR 
expression was also linked to poorer survival outcomes in GCA patients 
[763].  

A higher percentage of the T/T homozygous variant allele of HOTAIR 
rs12826786 C>T was found in Egyptian patients with breast cancer in the 
study by Aglan et al. This case-control study included 46 patients with patho-
logically proven invasive breast cancer and 49 age-matched healthy indivi-
duals as a control group [764].  

In a hospital-based case-control study of breast cancer (BC) in a Turkish 
population, comprising 123 BC patients and 122 age-matched healthy controls, 
the TT genotype of the HOTAIR rs12826786 C>T polymorphism was asso-
ciated with an increased risk of developing BC. This was observed in both 
and recessive models. Additionally, the TT genotype was significantly linked 
to worse clinicopathological features, including advanced TNM stage (III and 
IV), larger tumor size (T3 and T4), distant metastasis (M1), and poor 
histological grade (III) [765].  

In a study involving 151 prostate cancer (PCa) cases and 180 cancer-free 
controls from a Caucasian ethnic group, the CC genotype of rs12826786 was 
significantly associated with shorter biochemical recurrence-free survival in 
patients with pT3-stage PCa [766]. 
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In a meta-analysis by Li et al. on HOTAIR polymorphisms and cancer 
susceptibility, 12 case-control studies with 6,187 cases and 6,897 controls 
were included. For rs12826786 (C>T), pooled analyses of 1,048 cases and 
1,432 controls indicated a significant increase in cancer susceptibility across 
recessive, dominant, allelic, and homozygous models (TT vs. CC: OR = 
1.670; CT + TT vs. CC: OR = 1.233; TT vs. CT + CC: OR = 1.551; T vs. C: 
OR = 1.237), consistent with results from the hospital-based control subgroup 
[767]. 

A meta-analysis by Liu et al., which included 116 studies involving 
122,832 subjects, found a significantly increased risk of cancer associated 
with the rs12826786 polymorphism [768]. 

In contrast, a study involving 106 Portuguese bladder cancer patients and 
199 cancer-free controls, all of Caucasian ethnic background, found no 
association between rs12826786 genetic variants and the risk of developing 
bladder cancer. However, survival analysis revealed rs12826786 CC genoty-
pe was linked to better survival outcomes, particularly in male patients and 
in those with primary tumors classified as pathological stage pT2 [769]. 

The study by Xavier-Magalhães et al. investigated the effects of rs12826786 
on glioma susceptibility and prognosis in a Portuguese population. No signi-
ficant associations were found between these SNP and glioma risk. However, 
the rs12826786 CT genotype was linked to higher HOTAIR expression, and 
rs12826786 CT genotypes were associated with longer survival in patients 
with anaplastic oligodendroglioma [770].  

Pooled analyses by Wang et al. on HOTAIR polymorphisms and breast 
cancer susceptibility included data on the rs12826786 polymorphism, with a 
total of 465 cases and 550 controls. The results indicated that rs12826786 was 
significantly associated with a decreased risk of breast cancer under the 
recessive, homozygous, and heterozygous models within the hospital-based 
control subgroup [771]. 

However, other studies did not find any significant association between 
rs12826786 and cancer. Similarly, our study did not find any significant 
results.  

In a case-control study of the Iranian population involving 122 breast 
cancer patients and 200 controls, no significant differences were observed in 
the allele and genotype frequencies of rs12826786 between the case and 
control groups [772]. 

In the hospital-based case-control study involving 105 gastric cancer 
(GC) cases and 207 healthy controls from the Turkish population, no statisti-
cally significant differences were observed in the allele or genotype distribu-
tions of the HOTAIR rs12826786 C>T polymorphism between GC patients 
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and healthy controls. This suggests a lack of association between this poly-
morphism and gastric cancer risk in this population [773]. 

Dadas et al. reported that the HOTAIR polymorphism rs12826786 T>C 
was not significantly associated with an increased risk of lung cancer in any 
genetic inheritance models within the Turkish population. The study, which 
was a hospital-based case-control analysis, involved 180 participants, including 
87 lung cancer cases (71 males and 16 females) and 93 healthy controls (67 
males and 26 females) [774]. 

In a pooled case-control study by Xu et al., a total of 8 studies involving 
1,532 cases and 2,113 controls were analyzed for the rs12826786 polymor-
phism. The combined analyses indicated a significantly increased cancer risk 
in four out of five genetic models. However, no significant association was 
found for specific cancer types or among different ethnic subgroups [775]. 

In the meta-analysis by Ke et al., examining the impact of SNP 
rs12826786 on lung cancer susceptibility, six studies involving 1,715 lung 
cancer patients and 2,745 healthy controls from China, Turkey, and Japan 
were included. No significant association was found between these SNPs and 
lung cancer susceptibility [776]. 

In a study by Kashani et al., the rs12826786 C>T was analyzed in 53 
individuals with Hodgkin’s lymphoma (HL) and 245 unrelated healthy 
controls. The results indicated that neither the overall chi-square comparison 
between cases and controls nor the logistic regression analysis revealed any 
significant association between HOTAIR polymorphisms and HL [777]. 

Additionally, we were unable to compare our data with existing lite-
rature, as there are no published studies on rs12826786 and cervical cancer. 

In the case of HOTAIR rs7958904, a relationship was identified between 
the rs7958904 CC genotype and an elevated risk of cervical cancer compared 
to the GG/GC genotypes. Analysis of TCGA data revealed that tissues with 
the rs7958904 CC genotype exhibited higher levels of HOTAIR expression 
than those with the GG genotype. These findings suggest that the rs7958904 
polymorphism in HOTAIR may affect susceptibility to cervical cancer [778]. 

In a case-control study of 850 individuals, including 450 colorectal 
cancer (CRC) patients and 400 healthy controls from CHA Bundang Medical 
Center (South Korea), the rs7958904 variant showed significant differences 
in genotype frequencies between CRC patients and controls. The rs7958904 
CC genotype had a significantly higher mortality rate than the GG genotype, 
and the rs920778 CC genotype was associated with higher mortality than the 
TT genotype. Additionally, these HOTAIR variants were linked to altered 
mRNA expression levels (p < 0.01) [779]. 

A study conducted in a Chinese Han population involved a total of 1,939 
participants, comprising 969 breast cancer cases and 970 healthy controls. 
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The study found that the C allele of rs7958904 showed significant differences 
between cases and controls in single locus analyses. Multivariate analyses 
further revealed that individuals with the rs7958904 CC genotype had a 
higher risk of developing breast cancer compared to those with the GG 
homozygous genotype [780]. 

In the Chinese population, the rs7958904 variant was not associated with 
susceptibility to head and neck squamous cell carcinoma [781]. 

As for rs7958904, several studies have indicated that the C allele is 
associated with a significantly decreased risk of osteosarcoma [782], colo-
rectal cancer [783], and ovarian [784] compared to the G allele, which 
contrasts with the results of the study by Lin et al. This may be interpreted by 
the different susceptibilities to a disease among the different populations and 
the different kinds of cancer could have various etiologies, which involve 
diverse genetic or epigenetic modifications. 

For the rs7958904 polymorphism, a meta-analysis by Ge et al. on cancer 
susceptibility in Caucasians and Asians examined various cancers, including 
gastric cancer (GC), esophageal squamous cell carcinoma (ESCC), osteosar-
coma, breast cancer (BC), and colorectal cancer. The analysis included four 
case-control studies with 7,179 cases and 5,957 controls. These studies 
detected a significantly decreased susceptibility to overall cancer in all five 
genetic models, except for the heterozygous model [785]. 

In a meta-analysis by Li et al. on HOTAIR polymorphisms and cancer 
susceptibility, the rs7958904 (G>C) polymorphism, analyzed in six eligible 
studies within the Chinese population (totaling 5,123 cases and 5,701 
controls), was associated with a significantly decreased overall cancer risk in 
most genetic models (C vs. G; CC vs. GG; GC vs. GG; GC/CC vs. GG; CC 
vs. GG/GC), except in the recessive and homozygous models [786]. 

A significant reduction in cancer risk was observed for the rs7958904 
polymorphism, both overall and specifically within the colorectal cancer 
group, in a meta-analysis by Zhang et al. that covered 13 studies with 7,151 
patients and 8,740 controls [787]. 

A case-control study of Korean women with primary ovarian insuffi-
ciency (POI) included 134 women with POI and 383 control women. The 
study found that the AA genotype of rs4759314 combined with the GC 
genotype of rs7958904 was associated with a decreased risk of POI (p < 
0.05). In contrast, the GG genotype of rs1899663 combined with the GC 
genotype of rs7958904 was linked to an increased risk of POI (p = 0.003). 
Haplotype analysis revealed that certain haplotypes involving these polymor-
phisms were associated with either an increased or decreased risk of POI 
[788]. 
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Analyzing the results of rs920778, a Chinese study involving 510 cervi-
cal cancer patients and 713 cancer-free controls found a significant associa-
tion between the HOTAIR rs920778 polymorphism and cervical cancer risk, 
with the TT+CT genotypes showing a higher risk (adjusted OR = 1.51). The 
T allele was linked to increased risk in a dose-dependent manner, particularly 
in advanced-stage patients (adjusted OR = 2.17). Compared to the wild-type 
CC genotype, advanced-stage patients with CT+TT genotypes had a 2.17-
fold increased risk. HOTAIR expression was higher in cervical cancer tissues 
than in normal tissues and was associated with the risk allele T. Cervical 
cancer tissues with CT and TT genotypes had significantly higher HOTAIR 
levels compared to those with the CC genotype. Analysis of 91 tissue pairs 
showed elevated HOTAIR levels in 72.5% of cancer cases vs. adjacent 
noncancerous tissues, and high HOTAIR expression correlated with advan-
ced TNM stages (II+III+IV). The rs920778 polymorphism was strongly 
associated with cervical cancer, and high HOTAIR expression was associated 
with the risk allele T. These results confirm that the functional SNP rs920778 
regulates HOTAIR expression and may ultimately influence the predispo-
sition for cervical cancer [789]. 

In the Chinese population meta-analysis, involving 21 case-control 
studies, the rs920778 polymorphism in HOTAIR was significantly linked to 
cervical cancer susceptibility. Analysis of five studies with 1,884 cases and 
2,087 controls revealed that rs920778 was associated with increased cancer 
risk in several genetic models: allele model (T vs. C: OR = 1.54, p = 0.001), 
homozygote model (TT vs. CC: OR = 1.74, p = 0.03), and recessive model 
(TT vs. TC + CC: OR = 1.84, p = 0.01). No publication bias was detected, 
and sensitivity analysis confirmed robustness of the results despite high 
heterogeneity in some models [790]. 

In a comparison with our study, we assume that the minour A allele is 
complementary to T, then in our study, the rs920778 A allele increased the 
risk for worse clinicopathological features in cervical cancer, although this 
result did not reach statistical significance.  

Weng et al. analyzed the impact of HOTAIR SNP rs920778 on cancer 
recurrence and patient survival in Taiwanese women with cervical cancer. 
The study included 116 patients with invasive cervical cancer, 96 with 
preinvasive lesions, and 318 controls. No significant genotypic differences 
were found between patients and controls or among invasive cancer cases. 
However, genotype GG of rs920778 was associated with a significantly 
higher probability of cancer recurrence and worse overall survival. rs920778 
may serve as an independent predictor for cancer recurrence and overall 
survival in cervical cancer patients [791]. 
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Zhang et al. investigated the association between three haplotype-tagging 
SNPs (htSNPs) in the HOTAIR locus and the risk of esophageal squamous 
cell carcinoma (ESCC), focusing on the functional significance of the 
rs920778 SNP. The study involved three independent case-control sets, 
comprising 2098 ESCC patients and 2150 matched controls from Jinan, 
Shijiazhuang, and Huaian. The rs920778 TT carriers had a significantly 
increased risk of ESCC, with 1.37-fold, 1.78-fold, and 2.08-fold higher risk 
in the Jinan, Shijiazhuang, and Huaian populations, respectively, compared 
to CC carriers. Functional analysis revealed a novel intronic HOTAIR enhan-
cer between +1719bp and +2353bp from the transcriptional start site. The 
rs920778 SNP showed allelic regulation of HOTAIR expression through this 
enhancer, with higher expression in T allele carriers [792]. 

In the Chinese population study, rs920778 was significantly associated 
with lung cancer susceptibility, particularly among male smokers with 
squamous cell carcinoma. Specifically, individuals with the C/T (C/T + TT) 
genotype for rs920778 showed a higher risk of developing lung cancer [793]. 

A case-control study in a Chinese population genotyped HOTAIR SNPs 
in hepatocellular carcinoma (HCC) with 482 cases and 520 controls. The 
HOTAIR rs920778 TT genotype, compared to the CC genotype, was signifi-
cantly associated with increased HCC risk, particularly among drinkers and 
HBV-positive individuals. Additionally, the TT genotype was linked to higher 
HOTAIR expression and greater HCC cell proliferation [794]. 

In the northeastern Chinese population, rs920778 was significantly asso-
ciated with breast cancer susceptibility and prognosis. The GG genotype of 
rs920778 showed a higher risk for breast cancer, with an OR of 2.426 com-
pared to the AA genotype, while the AG genotype had an OR of 1.296. Both 
the GG and AG genotypes were linked to worse disease-free survival (DFS) 
(p = 0.012) [795]. 

In a study by Yan et al. involving 502 breast cancer cases and 504 cancer-
free controls in a Chinese population, the rs920778 variant in HOTAIR was 
found to significantly increase the risk of breast cancer. Additionally, this 
variant may interact with reproductive factors, potentially influencing the 
progression of the disease [796]. 

However, Yan et al. found that the A allele is the most common genotype 
in the central Chinese population and is associated with an increased risk of 
breast cancer. This finding contrasts with studies from northeast China, 
southeast Iran, South India, and Turkey (including Lv et al. study, as well as 
those by Hassanzarei et al., Rajagopal et al., and Bayram et al., respectively). 
The distribution of rs920778 genotypes among breast cancer patients varies 
slightly across these studies. 
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Zhang et al. investigated the association between three haplotype-tagging 
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increased risk of ESCC, with 1.37-fold, 1.78-fold, and 2.08-fold higher risk 
in the Jinan, Shijiazhuang, and Huaian populations, respectively, compared 
to CC carriers. Functional analysis revealed a novel intronic HOTAIR enhan-
cer between +1719bp and +2353bp from the transcriptional start site. The 
rs920778 SNP showed allelic regulation of HOTAIR expression through this 
enhancer, with higher expression in T allele carriers [792]. 

In the Chinese population study, rs920778 was significantly associated 
with lung cancer susceptibility, particularly among male smokers with 
squamous cell carcinoma. Specifically, individuals with the C/T (C/T + TT) 
genotype for rs920778 showed a higher risk of developing lung cancer [793]. 

A case-control study in a Chinese population genotyped HOTAIR SNPs 
in hepatocellular carcinoma (HCC) with 482 cases and 520 controls. The 
HOTAIR rs920778 TT genotype, compared to the CC genotype, was signifi-
cantly associated with increased HCC risk, particularly among drinkers and 
HBV-positive individuals. Additionally, the TT genotype was linked to higher 
HOTAIR expression and greater HCC cell proliferation [794]. 

In the northeastern Chinese population, rs920778 was significantly asso-
ciated with breast cancer susceptibility and prognosis. The GG genotype of 
rs920778 showed a higher risk for breast cancer, with an OR of 2.426 com-
pared to the AA genotype, while the AG genotype had an OR of 1.296. Both 
the GG and AG genotypes were linked to worse disease-free survival (DFS) 
(p = 0.012) [795]. 

In a study by Yan et al. involving 502 breast cancer cases and 504 cancer-
free controls in a Chinese population, the rs920778 variant in HOTAIR was 
found to significantly increase the risk of breast cancer. Additionally, this 
variant may interact with reproductive factors, potentially influencing the 
progression of the disease [796]. 

However, Yan et al. found that the A allele is the most common genotype 
in the central Chinese population and is associated with an increased risk of 
breast cancer. This finding contrasts with studies from northeast China, 
southeast Iran, South India, and Turkey (including Lv et al. study, as well as 
those by Hassanzarei et al., Rajagopal et al., and Bayram et al., respectively). 
The distribution of rs920778 genotypes among breast cancer patients varies 
slightly across these studies. 
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A similar result regarding poor overall survival (OS) in cervical cancer 
was found in Weng et al.’s study [791]. 

In Bayram’s study of 245 Turkish women, including 123 breast cancer 
patients and 122 healthy controls, the rs920778 SNP was found to be linked 
to several clinicopathological characteristics. The CC genotype significantly 
increased breast cancer risk in both codominant (TT vs. CC) and recessive 
(TT + TC vs. CC) models. Additionally, the CC genotype was associated with 
advanced TNM stage, larger tumor size, distant metastasis, perineural invasion, 
and poorer histological grade. In Bayram’s study, the rs920778 SNP was 
linked to several clinicopathological characteristics in the Turkish population, 
including advanced TNM stage, increased tumor size, distant metastasis, 
perineural invasion, and lower histological grade [797]. 

Rajagopal’s study in India, involving 502 newly diagnosed breast cancer 
cases and 509 healthy women, found that the rs920778 variant (TC + CC 
genotype) was associated with a 5.86-fold increased risk of breast cancer in 
pre-menopausal women (OR = 5.86; p < 0.0001) [798]. 

Hassanzarei et al. genotyped 220 breast cancer cases and 231 controls. 
The findings suggest that the rs920778 T>C variant significantly increased 
the risk of breast cancer, utilizing codominant (TC vs. TT; CC vs. TT), 
dominant (TC + CC vs. TT), recessive (CC vs. TT + TC), overdominant (TC 
vs. TT + CC), and allelic (C vs. T) inheritance models. The rs920778 variants 
were significantly associated only with ER status according to clinicopa-
thological features [799]. 

In a cohort of sporadic breast cancer patients in Sri Lanka, the T allele of 
rs920778 was found to be prevalent [800]. 

The rs920778 polymorphism was significantly associated with reduced 
ovarian cancer risk and linked to advanced tumor stage, lymph node meta-
stasis, and poor prognosis in a Chinese population. TT and TC carriers also 
exhibited shorter survival. These findings suggest that the rs920778 polymor-
phism may influence ovarian cancer susceptibility and prognosis [801]. 

A meta-analysis by Liu et al. found a significantly increased risk of 
cancer associated with the rs920778 polymorphism, which was specifically 
linked to an increased risk of gastrointestinal cancer [768]. 

In a study conducted on a Taiwanese population, 1,200 control partici-
pants and 907 patients were tested to examine the association between the 
rs920778 polymorphism and the risk of developing oral squamous cell carci-
noma (OSCC). The results indicated that individuals carrying the polymor-
phic allele of rs920778 (TC and TC+CC) had a higher likelihood of deve-
loping OSCC compared to those homozygous for the wild-type allele. 
Additionally, the study observed that the rs920778 polymorphism was 
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associated with the development of larger tumors and an increased incidence 
of lymph node metastasis [802]. 

In a meta-analysis on cancer risk conducted by Zhang et al., the asso-
ciation between the rs920778 (C>T) polymorphism and cancer risk was 
analyzed across 6 studies involving 3,842 cases and 5,015 controls. The 
results revealed a significantly increased risk of cancer susceptibility in 
homozygote comparison, dominant model, and recessive model (TT vs. CC; 
CT/TT vs. CC; TT vs. CC/CT), but not in the allele contrast model or hete-
rozygote comparison. Subgroup analysis showed that rs920778 was asso-
ciated with a significantly increased risk of cancer in all genetic models within 
the Asian population. Additionally, in cancer type analysis, rs920778 was 
linked to a significantly increased risk of digestive cancers across all genetic 
models [786]. 

Ge et al. conducted a meta-analysis on cancer susceptibility across 
Caucasian and Asian populations, covering various cancers including gastric 
cancer (GC), esophageal squamous cell carcinoma (ESCC), osteosarcoma, 
breast cancer (BC), and colorectal cancer. This analysis, which included 8 
case-control studies with 3,600 cases and 4,585 controls, found a significant 
association between the rs920778 polymorphism and increased cancer risk in 
both homozygous and recessive models. Furthermore, when stratified by 
cancer type, the analysis revealed heightened susceptibility to esophageal 
squamous cell carcinoma in all genetic models and to gastric cancer in the 
dominant model [785]. 

A pooled case-control study analyzing 10 studies with 7,258 cases and 
9,007 controls examined the association between the rs920778 polymorphism 
and cancer risk. The combined analyses showed a significantly increased 
cancer risk for HOTAIR rs920778 across all five genetic models (allele, 
dominant, heterozygote, homozygote, and recessive). Stratified analyses 
revealed that this increased risk was significant among Asians and specific 
cancer types, particularly digestive and gynecologic cancers. However, no 
significant association was found between rs920778 and cancer risk in other 
ethnic groups [775]. 

In a meta-analysis by Zhang et al., significant associations were found 
between the HOTAIR rs920778 polymorphism and cancer risk across the total 
population and in subgroup analyses [787]. 

In a meta-analysis on cancer susceptibility, the pooled analysis revealed 
that the rs920778 (C>T) polymorphism significantly increased overall cancer 
risk across five genetic models (CT vs. CC; TT vs. CC; CT + TT vs. CC; TT 
vs. CT + CC; T vs. C). Similar associations were found for specific cancer 
types, including estrogen-dependent and digestive cancers, with a notably 
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increased risk observed in the Chinese population. Heterogeneity was reduced 
in both Caucasian and Chinese subgroups [767]. 

Nevertheless, some studies suggest that HOTAIR polymorphisms may 
reduce cancer risk. Pooled analyses by Wang et al. on HOTAIR polymor-
phisms and breast cancer susceptibility included data on the rs920778 variant, 
with the analysis comprising 845 cases and 856 controls. The results showed 
that rs920778 was associated with a significantly decreased breast cancer risk 
under the recessive, homozygous, and heterozygous models within the West 
Asian subgroup. Conversely, it was associated with an increased risk under 
the allele and dominant models within the East Asian subgroup. Additionally, 
rs920778 was linked to a decreased breast cancer risk under the recessive and 
heterozygous models in the hospital-based control subgroup [771]. 

Xavier-Magalhães et al. studied rs920778’s impact on glioma in a Portu-
guese population and found no significant link to glioma risk. However, the 
rs920778 CT genotype was associated with longer survival in anaplastic 
oligodendroglioma patients [770]. 

Martins et al. found no link between rs920778 variants and bladder cancer 
risk in 106 Portuguese patients and 199 controls. However, the HOTAIR 
rs920778 TT genotype was associated with better survival, especially in men 
and those with stage pT2 tumors [769]. 

On the other hand, in a breast cancer case-control study involving 100 
Egyptian patients and 100 healthy controls, the rs920778 C>T polymorphism 
was not found to be significantly associated with breast cancer [803]. 

Ke et al.’s meta-analysis of six studies with 1,715 lung cancer patients 
and 2,745 controls found no significant link between rs920778 and lung 
cancer susceptibility [776]. 

In a Japanese population study using the JG-SNP database, the HOTAIR 
rs920778 polymorphism was analyzed in 1,373 autopsy cases (827 cancer-
positive and 546 cancer-negative). No significant association was found between 
the rs920778 polymorphism and overall cancer risk, nor with specific cancer 
types, except for a weak, likely incidental, association with lung cancer [804]. 

Oliveira et al. found no significant link between rs920778 and prostate 
cancer risk in a Caucasian cohort [766]. Kashani et al. found no significant 
association between rs920778 T>C and Hodgkin’s lymphoma in 53 patients 
and 245 controls [777]. Overall, the literature overview suggests that rs920778 
and rs12826786 are linked to increased cancer risk, while rs7958904 is 
possibly linked to decreased cancer risk. 

Several studies have evaluated the influence of HOTAIR on non-oncolo-
gical diseases. The rs920778 polymorphism is associated with a decreased 
risk of Hashimoto’s thyroiditis [805]. Susceptibility to thyroid cancer was 
found to be associated with the rs920778 polymorphism in the northwest of 
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Iran [806]. The CT genotype of the rs920778 C/T polymorphism and the CT 
genotype of the rs12826786 C/T polymorphism were found to increase the 
risk of bipolar disorder [807]. The rs920778 variant was not associated with 
chronic kidney disease risk in the study by Majidpour et al. [808]. The 
rs12826786 polymorphism was associated with Autism Spectrum Disorder in 
the Iranian population under both the allelic (T vs. C) and recessive (TT vs. 
TC + CC) models [809]. The study by Sadeghi et al. demonstrated that the 
rs12826786 variants are associated with an increased susceptibility to deve-
loping rheumatoid arthritis (RA) in the Iranian population [810]. HOTAIR is 
implicated in the pathogenesis of diabetic retinopathy [811, 812]. 

In our study, we found no significant associations between the MALAT1 
gene SNPs rs619586, rs664589, and rs3200401 and various tumor characte-
ristics, including tumor size, lymph node involvement, metastasis, differen-
tiation, stage, prognosis, or patient age. 

Several researchers did not find significant interactions between MALAT1 
rs619586 polymorphisms and cancers, consistent with our findings. 
However, due to the absence of a control group in our study, we could not 
compare our results with other studies. 

In the Taiwanese study on uterine cervical cancer, which recruited 125 
patients with invasive cancer, 98 women with precancerous lesions of the 
uterine cervix, and 325 female controls with no history of cervical cancer, the 
genotypic frequencies of rs619586 did not differ significantly between 
patients with cervical neoplasias and controls. Even when the patient group 
was divided into those with invasive cancer and those with precancerous 
lesions, no significant differences in genotypic distributions were observed 
among these subgroups and the controls. Additionally, when the study 
controlled for age, the analysis still showed no significant association 
between the genotypic frequencies and the risk of cervical neoplasias. The 
researchers also explored potential links between these genotypes and various 
clinicopathological features of cervical cancer, including tumor stage, cell 
grade, stromal invasion depth, and pelvic lymph node metastasis, but found 
no significant associations. Similarly, in both univariate and multivariate 
analyses, rs619586 was not associated with 5-year survival rates in cervical 
cancer patients; the only factor that significantly impacted survival was 
positive pelvic lymph node metastasis [813]. Notably, the distribution of 
genotypes for rs619586 in this study was similar to ours, with the AA 
genotype being more prevalent and the GG genotype absent. 

Safan et al. studied the association between MALAT1 rs619586 and 
hepatocellular carcinoma (HCC) with hepatitis C virus (HCV). Involving 40 
HCC patients with HCV and 40 controls, genotyping via real-time PCR 
showed no significant differences in genotype or allele distributions between 
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the groups. The study concluded that rs619586 is not significantly associated 
with HCC risk in the context of HCV [814]. 

In a study of 624 hepatocellular carcinoma (HCC) cases and 618 controls 
from Southern China, no significant links were found between three MALAT1 
SNPs (rs619586 and rs3200401) and HCC risk. Analyses across various 
models and stratifications, including mediation and interaction effects, 
showed no significant associations. Additionally, these SNPs did not correlate 
with HCC progression factors such as TNM staging, metastasis, or cancer 
embolus. The results suggest that these MALAT1 SNPs are not major risk 
factors for HCC susceptibility in this population [815]. 

Tong et al. investigated the impact of rs619586 and rs3200401 in the 
MALAT1 gene on lung cancer risk. The study included 444 lung cancer 
patients and 460 healthy controls. No significant association was found 
between rs619586 and lung cancer risk, and gene-environment interactions 
with smoking were not notable [816]. 

The study by Lin et al. found that rs619586 were not linked to suscepti-
bility to lung adenocarcinoma (LUAD). Statistical analysis revealed no 
significant association between these MALAT1 SNPs and clinicopathological 
characteristics of lung adenocarcinoma, such as tumor stage, T status, lymph 
node status, distant metastasis, and cell differentiation [817]. 

Kelishadi et al. examined the expression levels and SNPs of genes in 
endometrial cancer (EC) patients with advanced stages (III or IV) or high-
grade tumors (grade 3) who underwent six cycles of paclitaxel and carbo-
platin chemotherapy. The study also monitored cancer recurrence. Results 
indicated that MALAT1 expression was significantly lower in cancerous 
tissues compared to healthy tissues. Among patients who experienced recur-
rence, MALAT1 expression in cancerous tissue was lower than in those 
without recurrence, though this difference was not statistically significant. 
Furthermore, the rs619586 genotype was consistently AA in both patients and 
healthy controls [818]. 

Some studies have shown that MALAT1 rs619586 are associated with 
cancer risk and are potential predictive biomarkers of cancer risk. 

Gao et al.’s study found that the rs619586 polymorphism was signifi-
cantly associated with colorectal cancer (CRC) risk. In their case-control 
study of 300 CRC patients and 300 healthy individuals, the results were as 
follows: AG vs. AA: OR = 0.64, p = 0.03; (AG + GG) vs. AA: OR = 0.62, p = 
0.02; G vs. A: OR = 0.62, p = 0.01 [819]. 

In the study of differentiated thyroid carcinoma (DTC) survival and 
control, the rs619586 G allele was associated with reduced 5-year survival, 
higher DTC grade, and increased CTNNB1 expression, along with lower 
MALAT1 and miR-214 levels. The G allele or miR-214 mimic decreased 
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MALAT1 transcription, while miR-214 inhibition increased MALAT1 activi-
ty. Overall, the rs619586 G allele promoted cell proliferation, indicating it 
could be a prognostic marker for DTC [820]. 

A case-control study of 1,350 oral squamous cell carcinoma (OSCC) 
patients and 1,199 controls examined the association between MALAT1 SNPs 
and OSCC risk and characteristics. The rs619586 AG/GG genotypes were 
associated with more advanced disease stages and larger tumors. MALAT1 
expression was significantly higher in OSCC tissues compared to normal 
tissues, especially in those exposed to betel quid. These results suggest that 
MALAT1 rs619586 play a role in OSCC development and interact with envi-
ronmental carcinogens [821]. 

MALAT1 rs619586 was associated with platinum-based chemotherapy 
response in the dominant model [822]. 

Additionally, individuals carrying the G allele of the rs619586 polymor-
phism had a significantly higher risk of developing high-grade Gleason 
patterns in prostate cancer [823]. 

Cao et al. pooled data from 18 studies involving 11,843 cancer cases and 
14,682 controls to analyze rs619586. They found that rs619586 was linked to 
cancer risk, with rs619586 also associated with hepatocellular carcinoma 
(HCC) risk. MALAT1 was significantly upregulated in colorectal cancer 
(CRC) and HCC compared to normal tissues [824]. 

Other studies have reported an association between the rs619586 
polymorphism and a reduced risk of cancer. 

Analyzing 917 lung cancer cases and 925 controls in a hospital-based 
case-control study, it was found that the AG and GG genotypes of MALAT1 
rs619586 were associated with a reduced risk of lung cancer (AG vs. AA: 
adjusted OR 0.65, p = 0.001; GG vs. AA: adjusted OR 0.22, p = 0.003). Both 
AG/GG variants and GG homozygotes showed significantly lower risk in 
dominant and recessive models. SNPs in hsa-miR-34b/c, pri-miR-124-1, and 
hsa-miR-423 were not linked to lung cancer risk. These results suggest that 
MALAT1 rs619586 A/G SNPs may reduce lung cancer risk, although addi-
tional studies are needed to validate these findings in diverse populations 
[825]. 

In Zhao et al.’s study, the association between four genetic variants in the 
lncRNA MALAT1 and colorectal cancer (CRC) susceptibility was evaluated 
in a Chinese population using a two-stage case-control design with 966 CRC 
cases and 988 controls. The minor G allele of rs619586 was significantly 
associated with reduced CRC risk. Individuals with AG or GG genotypes for 
rs619586 had a notably lower risk of CRC. These findings suggest that 
MALAT1 variants may contribute to CRC development [826]. 
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Wen et al. investigated the link between MALAT1 SNPs and papillary 
thyroid cancer (PTC) risk in a case-control study with 1134 PTC patients and 
1228 controls. They used luciferase assays, CCK-8, and flow cytometry to 
explore the functional impacts of these SNPs. The study found that the 
MALAT1 SNP rs619586 was significantly associated with a reduced risk of 
PTC. Functional tests showed that the G allele of rs619586 lowered MALAT1 
expression, inhibited PTC cell proliferation, and increased apoptosis. These 
results suggest that rs619586 could be a valuable marker for PTC suscepti-
bility and development [827]. 

Yuan et al.’s research found that younger patients (< 55 years) with the 
MALAT1 rs619586 G allele had a reduced risk of hepatocellular carcinoma 
(HCC), both under the codominant model and dominant model. Additionally, 
MALAT1 expression increased progressively from normal to cancerous liver 
tissue and was associated with poorer survival rates in HCC patients, parti-
cularly those with hepatitis virus infection [828]. 

Ni et al. conducted a meta-analysis that included nine studies with 5,968 
cases and 7,439 controls. The studies comprised eight focused on Asians and 
one on Caucasians, covering cancers such as HCC, breast cancer, CRC, 
ESCC, PTC, and melanoma. The analysis found a significant association 
between the MALAT1 rs619586 polymorphism and cancer risk: (AG + GG) 
vs. AA: OR = 0.88; GG vs. (AG + AA): OR = 0.64; GG vs. AA: OR = 0.63; 
AG vs. AA: OR = 0.91; G vs. A: OR = 0.87. Subgroup analyses indicated 
significant associations in Asians and for cancers other than hepatocellular 
carcinoma, but not in Caucasians or for hepatocellular carcinoma [829]. 

Zheng et al. conducted a meta-analysis to explore the role of MALAT1 in 
cancer susceptibility. The analysis included 12 studies with 7,007 cancer 
patients and 8,791 controls. rs619586 was linked to a reduced cancer risk 
across all models (G vs. A; GG vs. AA; GG + AG vs. AA; GG vs. AG + AA) 
[830]. 

In a case-control study by Qu et al. involving 245 esophageal squamous 
cell carcinoma (ESCC) patients and 490 controls, in ever drinkers, rs619586 
GG was linked to a decreased ESCC risk (GG vs. AA: OR = 0.38). But the 
rs619586 finding was not significant after adjustment [831]. 

In a case-control study involving 1,300 HBV-positive HCC patients, the 
variant genotypes of rs619586 were associated with a decreased risk of HCC, 
though this finding was of borderline significance (AG/GG vs. AA: P = 
0.057). However, no significant association was observed between these 
SNPs and the ability to eliminate HBV from the body [832]. 

In a study by Liu et al., 135 patients with brain metastatic lung cancer 
were recruited, and tissue samples were collected from each. The research 
found that MALAT1 expression was significantly reduced in the peripheral 



170 170 

blood of patients carrying the GGGT haplotype at rs11227209, rs619586, 
rs664589, and rs3200401 [833]. 

Results for MALAT1 rs619586 also vary across different diseases. 
Zheng et al. investigated the impact of the rs619586 polymorphism on 

invasive meningioma. Their results showed that with the rs619586 A>G 
polymorphism, levels of MALAT1 and COL5A1 decreased, while levels of 
miR-145 increased, indicating a negative relationship between MALAT1/ 
COL5A1 and miR-145. They identified a MALAT1/miR-145/COL5A1 path-
way, suggesting that the rs619586 polymorphism reduces MALAT1 and 
COL5A1 expression, potentially lowering meningioma invasiveness [834]. 

Cardiovascular disease and recurrent miscarriage share risk factors, and 
some cardiovascular-related genes are linked to miscarriage. Che et al. 
studied the rs619586 polymorphism in 284 patients and 392 controls, finding 
that the rs619586 G variant is protective against recurrent miscarriage. This 
study suggests that the rs619586 G variant may reduce recurrent miscarriage 
risk in the southern Chinese population [835]. 

The MALAT1 rs619586 GG allele was significantly linked to a lower risk 
of congenital heart disease (CHD) in a Chinese pediatric population [836]. 

Smokers with the MALAT1 rs619586 AA genotype and those with the 
GG + AG genotypes were at increased risk for coronary artery disease (CAD) 
[837]. 

In another study of a Chinese population, the rs619586 AG/GG genoty-
pes and G allele were linked to a decreased risk of coronary artery disease 
(CAD). Multivariate logistic regression identified rs619586 and rs664589 as 
independent risk factors for CAD. Further combined analysis revealed that 
the presence of both rs619586 AG/GG and rs664589 CC genotypes was 
associated with a lower risk of CAD [838]. 

MALAT1 rs619586 AA and rs3200401 CT/TT genotypes were associated 
with an increased risk of cerebral ischemic stroke (CIS). The G variant of 
rs619586 was linked to higher serum MALAT1 expression levels. Multiva-
riate logistic regression analysis identified serum MALAT1 and the MALAT1 
rs3200401 CT/TT genotypes as independent predictors of CIS [839]. 

A study of the Isfahan population in Iran found that the mutant allele (G) 
and mutant genotypes (AG/GG) were absent in type 2 diabetes mellitus pa-
tients [840].  

MALAT1 rs619586 AG + GG genotypes were associated with a reduced 
risk of type 2 diabetes mellitus in Chinese Han population [841]. 

In an Iranian population study, the G allele of rs619586 was less frequent 
in psoriasis cases compared to controls. This SNP was associated with 
reduced psoriasis risk in both dominant (AG + GG vs. AA) and log-additive 
models [842]. 
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In Yue et al.’s study, the rs619586, rs11227209, rs664589, and rs3200401 
GGGT haplotype was associated with a decreased risk of Normal Tension 
Glaucoma (NTG) [843]. 

In our study, the GG genotype of MALAT1 rs664589 was significantly 
associated with poorer overall survival (OS) in cervical cancer patients. 
However, we were unable to find similar studies for direct comparison. 
Nonetheless, the variant allele G of rs664589 appears to play a significant 
role in cancer risk, progression, and cardiovascular diseases. 

Wu et al. found that colorectal cancer cells and tissues carrying the 
rs664589 CG/GG genotype exhibited notably higher MALAT1 expression 
compared to those with the rs664589 CC genotype. Multivariate Cox 
regression analysis identified MALAT1 as a negative prognostic indicator for 
colorectal cancer. Overall, the presence of the rs664589 G allele is associated 
with altered MALAT1 binding to miR-194-5p in the nucleus, resulting in 
elevated MALAT1 levels and promoting colorectal cancer progression [844]. 

In a case-control study of Southern Chinese women involving 249 endo-
metrial cancer patients and 446 cancer-free controls, the rs664589 C>G poly-
morphism in MALAT1 was significantly associated with endometrial cancer 
risk. The association was evident in various models: heterogeneous, homoge-
nous, and recessive. Stratified analysis revealed that this polymorphism 
increased endometrial cancer risk in patients with no prior surgery, higher 
numbers of deliveries, BMI between 25 and 29.9, and FIGO stages II–III 
[832]. 

In a pooled data analysis by Cao et al., which included 18 studies 
involving 11,843 cancer cases and 14,682 controls, rs664589 was found to be 
related to the risk of colorectal cancer in all three genetic models (CG vs. CC, 
GG vs. CC, and GG vs. CC+CG). Their findings also suggested that colorectal 
cancer (CRC) or hepatocellular carcinoma (HCC) patients with lower expres-
sion levels of MALAT1 might have better survival outcomes, including 
overall survival (OS), disease-specific survival (DSS), or progression-free 
interval (PFI) [824]. 

A borderline association was observed between rs664589 and cancer risk 
in the dominant model, with Zheng et al.’s meta-analysis further linking 
rs664589 to an increased risk of digestive cancers [830]. 

Carriers of the MALAT1 rs664589 G allele were 1.39 times more likely 
to have Non-ST-Elevation Myocardial Infarction (NSTEMI) and 1.59 times 
more likely to have ST-Elevation Myocardial Infarction (STEMI) than C 
allele carriers in the Chinese Han population [845]. The G allele of the 
MALAT1 rs664589 SNP is linked to a higher risk of hypertension [846]. 

We did not find any significant correlations between MALAT1 rs3200401 
and the clinical characteristics or survival outcomes of cervical cancer 
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patients. Similar results were found in a Taiwanese study on cervical cancer. 
The researchers explored potential links between these genotypes and various 
clinicopathological features of cervical cancer, including tumor stage, cell 
grade, stromal invasion depth, and pelvic lymph node metastasis, but found 
no significant associations. Both univariate and multivariate analyses revealed 
that the C/T+T/T and T/T genotypes of rs3200401 were not associated with 
5-year survival rates in cervical cancer patients. The only factor that signifi-
cantly impacted survival was positive pelvic lymph node metastasis. Further-
more, comparisons of rs3200401 genotypic frequencies between patients 
with cervical neoplasias and healthy controls showed no significant variation 
in the distributions of the C/C, C/T, and T/T genotypes. Even when the patient 
group was divided into those with invasive cancer and those with precan-
cerous lesions, no significant differences in the genotypic distributions of 
C/C, C/T, and T/T were observed among these subgroups and the controls 
[813]. 

However, in a study by Yao et al. involving 1,248 samples (587 cervical 
cancer patients and 661 healthy controls), the link between specific SNPs and 
cervical cancer (CC) risk was investigated. The findings showed that the 
rs3200401 C allele was significantly associated with a lower risk of CC after 
Bonferroni correction (allele: p = 0.001, genotype: p = 0.004), suggesting it 
may serve as a protective factor. Subgroup analysis revealed that the rs3200401 
C allele was notably linked to reduced risk of adenocarcinoma (AC) and 
squamous cell carcinoma (SCC) (AC: OR = 0.57; SCC: OR = 0.72), as well 
as early-stage cervical cancer (stage I: OR = 0.67). These results highlight the 
potential role of rs3200401 in MALAT1 in cervical cancer susceptibility 
[847]. 

A case-control study involving 1,350 oral squamous cell carcinoma 
(OSCC) patients and 1,199 controls investigated the relationship between 
MALAT1 SNPs and OSCC risk and characteristics. The analysis revealed that 
the rs3200401 T allele was associated with a reduced overall risk of OSCC 
but an increased risk of developing moderately to poorly differentiated 
tumors. Among betel quid chewers, the T allele was linked to a higher risk of 
high-grade OSCC and a lower risk of lymph node metastasis [821]. 

In a case-control study by Qu et al. involving 245 esophageal squamous 
cell carcinoma (ESCC) patients and 490 controls, the analysis revealed that 
rs3200401 C>T was significantly associated with increased ESCC risk (CT 
vs. CC: OR = 1.59; TT vs. CC: OR = 2.27; CT + TT vs. CC: OR = 1.68). In 
never drinkers, rs3200401 TT and CT/TT genotypes increased ESCC risk (TT 
vs. CC: OR = 2.34; CT/TT vs. CC: OR = 1.52). The associations for rs3200401 
remained significant after FDR adjustment. Thus, rs3200401 is a potential 
risk factor for ESCC, while rs619586 may be less relevant [831]. 
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In a study involving 458 gastric cancer (GC) patients and 381 controls 
from Korea, the rs3200401 CT genotype in the codominant model and the 
CT + TT genotypes in the dominant model were associated with an increased 
risk of GC in males. This association was also observed in. The findings 
suggest that the MALAT1 rs3200401 polymorphism is linked to increased 
susceptibility to GC and may influence its development [848]. 

Yuan et al.’s research on hepatocellular carcinoma (HCC) found that 
smokers with the rs3200401 CT + TT genotype had a higher prevalence of 
hepatitis B virus (HBV) infection and elevated aspartate aminotransferase 
levels [828]. 

Wang et al. carried out a case-control study followed by a meta-analysis 
to investigate the role of the MALAT1 rs3200401 variant in the susceptibility 
to lung, colorectal, gastric, and liver cancers. The study involved 550 lung 
cancer patients, 787 colorectal cancer patients, 460 gastric cancer patients, 
480 liver cancer patients, and 800 healthy controls from Hubei Cancer Hospi-
tal and Wuhan Xinzhou District People’s Hospital. Their findings indicated 
that, within the Hubei Chinese population, the rs3200401 polymorphism was 
significantly associated with an increased risk of gastric cancer, while no 
significant association was found for lung, colorectal, or liver cancers. The 
subsequent meta-analysis supported the link between rs3200401 and a higher 
risk of gastric and colorectal cancers in the Chinese population, but not with 
liver cancer. These results suggest that the MALAT1 rs3200401 variant may 
contribute to the susceptibility to colorectal and gastric cancers [849]. 

Li et al.'s meta-analysis included 10 case–control studies with a total of 
6,630 cancer cases and 7,457 controls. The analysis found no significant 
association between the MALAT1 rs3200401 C>T polymorphism and overall 
cancer risk across five genetic models. This lack of association persisted in 
subgroups based on control source, ethnicity, and study quality. However, in 
the cancer type-specific subgroup, the T allele was associated with an 
increased risk of colorectal cancer (CRC) compared to the C allele (C vs. T: 
OR = 1.16; 95% CI: 1.01–1.33). Overall, while there was no significant 
association with general cancer risk, the rs3200401 C>T polymorphism 
might be linked to an elevated risk of CRC, warranting further investigation 
[850]. 

A follow-up study by Wang et al. involving 538 non–small cell lung 
carcinoma (NSCLC) patients found that advanced lung adenocarcinoma 
patients with the rs3200401 CT and CT+TT genotypes had significantly 
longer median survival times (29.9 and 28.9 vs. 19.3 months) and lower death 
risks compared to those with the CC genotype. However, this survival benefit 
was not observed in early-stage NSCLC or advanced lung squamous cell 
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carcinoma patients. The rs3200401 T allele may serve as a prognostic biomar-
ker for advanced lung adenocarcinoma [851]. 

A study by Volkogon et al. on bladder cancer found that patients with the 
rs3200401 TT genotype had lower hemoglobin levels and higher fasting glu-
cose, creatinine, and tumor width compared to those with the CC genotype. 
Additionally, transitional cell carcinoma of the urinary bladder occurred later 
in individuals with the TT genotype, who also had a lower risk of developing 
the cancer compared to C allele carriers. The rs3200401 polymorphism in the 
MALAT1 gene is associated with improved disease-free survival in Ukrainian 
patients with transitional cell carcinoma of the urinary bladder [852]. 

A study on MALAT1 gene polymorphisms and prostate adenocarcinoma 
(PA) in a Ukrainian cohort involved 184 PA patients and 66 healthy controls. 
Results indicated that the rs3200401 T allele was associated with a signifi-
cantly lower risk of PA compared to C allele carriers, and C allele homozy-
gotes [853].  

In the study by Tong et al., rs3200401 was significantly associated with 
a reduced risk of non-small cell lung cancer (NSCLC) and lung squamous 
cell carcinoma (LUSC), with the CT genotype showing a lower risk compared 
to the CC genotype [816]. 

Zheng et al. conducted a meta-analysis to investigate the role of MALAT1 
in cancer susceptibility and found no significant association between the 
rs3200401 polymorphism and overall cancer risk. However, the rs3200401 
variant was associated with an increased risk of digestive cancers in both the 
allelic and dominant models [830]. 

In a study by Fawzy et al., 182 ovarian tissue samples (benign, border-
line, and malignant) were analyzed for the MALAT1 rs3200401 genotype 
using Real-time allelic discrimination PCR. The most common genotype was 
heterozygous (C/T), followed by homozygous (C/C). No significant differen-
ces in genotype distribution were observed among the tissue types, indicating 
that the MALAT1 rs3200401 variant does not significantly impact ovarian 
cancer susceptibility [854]. 

The study by Lin et al. found that rs3200401 was not associated with 
susceptibility to lung adenocarcinoma (LUAD), nor was there any significant 
correlation between this MALAT1 SNP and clinicopathological characteris-
tics of LUAD, such as tumor stage, T status, lymph node status, distant meta-
stasis, or cell differentiation. However, the dominant model of rs3200401 (CC 
vs. CT+TT) revealed a significant association between MALAT1 genotypes 
and EGFR wild-type in relation to tumor stages [817]. 
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In a study involving 624 hepatocellular carcinoma (HCC) cases and 618 
controls from Southern China, no significant associations were observed 
between rs3200401 and HCC risk. The analyses, which included various 
models and explored mediation and interaction effects, did not reveal any 
significant links. Moreover, these SNPs showed no correlation with HCC 
progression factors such as TNM staging, metastasis, or cancer embolus 
[815]. 

The rs3200401 polymorphism has been associated with varying risks 
across different conditions, including increased risks of cerebral ischemic 
stroke [839], myocardial infarction [855], major adverse cardiac and cerebro-
vascular events [856], systemic arterial hypertension [857], systemic lupus 
erythematosus [858], type 2 diabetes mellitus [841], andchildhood obesity 
[859], while showing no significant association with rheumatoid arthritis [860], 
psoriasis [842], and indicating potential effects on inflammation severity and 
lipid levels. 

These studies suggest that HOTAIR and MALAT1 polymorphisms may 
influence disease risk and progression, though they may not act as indepen-
dent factors. The global literature contains a wealth of studies on various 
HOTAIR and MALAT1 polymorphisms, many of which demonstrate their 
impact on disease onset and progression. This body of evidence indicates that 
HOTAIR and MALAT1 could potentially serve as biomarkers for assessing 
cancer prognosis. However, further research is needed to validate these 
findings, particularly in the context of cervical cancer, and to better under-
stand their role in disease mechanisms and clinical utility. 
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5. CONCLUSIONS 

1.  A relationship was found between TLR4 polymorphisms and the 
clinicopathological features and survival of cervical cancer: 
1.1. The rs11536898 A allele was associated with a higher risk of cervical 

cancer metastasis. 
1.2. The rs11536898 AA genotype was associated with shorter overall 

survival and progression-free survival time, while the C allele of this 
polymorphism was associated with longer overall survival and 
longer progression-free survival time. 

1.3. The rs10759932 CC genotype significantly influenced shorter 
progression-free survival time and overall survival, whereas the T 
allele of this polymorphism was associated with longer progression-
free survival time and overall survival. 

2. Various associations of RRP1B, SIPA1, and SRSF1 polymorphisms with 
clinicopathological features and survival indicators in cervical cancer 
were identified: 
2.1. The RRP1B rs2838342 A allele and rs7276633 T allele were asso-

ciated with smaller tumor size. 
2.2. Individuals lacking the RRP1B GCTTC haplotype were significantly 

associated with smaller tumor size and had a lower risk of metastasis 
and worse overall survival. 

2.3. The SIPA1 rs746429 GA genotype and A allele were significantly 
associated with a lower risk of poor tumor differentiation. 

2.4. The SRSF1 rs34592492 G allele was associated with longer overall 
survival, while the CC genotype was associated with shorter overall 
survival. 

3.  Polymorphisms in the HOTAIR and MALAT1 genes did not show 
significant associations with cervical cancer phenotype, progression-free 
survival, or overall survival. 
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SANTRAUKA 

Gimdos kaklelio vėžys yra plačiai paplitusi sveikatos problema ir viena 
dažniausių onkologinių ligų. Pasak Pasaulio sveikatos organizacijos (PSO), 
tai yra ketvirtas dažniausiai diagnozuojamas vėžys moterims. Ši liga taip pat 
yra ketvirtoje vietoje pasaulyje pagal su vėžiu susijusius mirčių rodiklius tarp 
moterų [1]. Nepaisant profilaktikos ir gydymo pažangos, jis ir toliau išlieka 
viena pagrindinių su vėžiu susijusio sergamumo ir mirtingumo priežasčių tarp 
moterų, ypač šalyse, kurių gyventojai gauna mažas ir vidutines pajamas [2, 3]. 

Gimdos kaklelio vėžio patogenezė yra sudėtinga ir daugiaveiksnė, 
apimanti tiek aplinkos, tiek genetinius veiksnius. Nors pagrindinis etiologinis 
veiksnys yra nuolatinė didelės rizikos žmogaus papilomos viruso (ŽPV) 
infekcija, tačiau taip pat svarbų vaidmenį jautrumui ligoms, jų progresavimui 
ir gydymo atsakui atlieka genetiniai variantai [4].  

Iš daugelio genetinių veiksnių, susijusių su gimdos kaklelio vėžiu, svarbiu 
įgimto imuniteto ir uždegimo veiksniu tapo Toll tipo receptoriai 4 (TLR4). 
Įrodyta, kad TLR4 aktyvacija moduliuoja šeimininko imuninį atsaką į ŽPV 
infekciją ir daro įtaką gimdos kaklelio vėžio vystymuisi ir progresavimui 
[5, 6]. 

Panašiai ir RRP1B genas, koduojantis ribosominės RNR apdorojimo 1B 
baltymą, buvo susijęs su įvairiais ląstelių procesais, įskaitant ląstelių prolife-
raciją, migraciją ir invaziją. Genetiniai RRP1B pakitimai buvo susieti su 
naviko agresyvumu ir metastazavimu [7, 8]. 

SIPA1, genas, svarbus signalų perdavimo keliams, taip pat buvo susijęs 
su gimdos kaklelio vėžio progresavimu. Tyrimai parodė, kad SIPA1 skatina 
naviko ląstelių proliferaciją, migraciją ir invaziją, pabrėžiamas jo kaip terapi-
nio taikinio potencialas gimdos kaklelio vėžio atveju [9]. 

Be to, sukirpimo (angl. splicing) faktorius SRSF1 sulaukė mokslininkų 
dėmesio dėl savo vaidmens apdorojant mRNR ir alternatyviame sukirpimo 
procese vystantis vėžiui. SRSF1 raiškos reguliavimo sutrikimai ir jo geneti-
niai variantai buvo susieti su netinkamo sukirpimo modeliais ir naviko prog-
resavimu [10].  

Ilgos nekoduojančios RNR (angl. lncRNR) HOTAIR ir MALAT1 taip pat 
buvo susietos su gimdos kaklelio vėžio patogeneze. Šios ilgos nekoduojan-
čios RNR turi svarbią reikšmę epigenetiniam reguliavimui, metastazavimui 
ir atsparumui gydymui, todėl yra svarbios tolesniems tyrimams [11, 12].  

Nepaisant pažangos aiškinantis gimdos kaklelio vėžio genetinį pagrindą, 
lieka didelių žinių spragų. Reikalingi tolesni tyrimai, siekiant išsiaiškinti 
tikslius genų, tokių kaip TLR4, RRP1B, SIPA1, SRSF1, HOTAIR ir MALAT1, 
vaidmenis ligos patogenezėje ir klinikiniams rezultatams. Nors gimdos 
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kaklelio vėžio profilaktikos ir gydymo iššūkių apstu, naujausi molekulinės 
biologijos ir genetikos pasiekimai suteikia daug žadančių tobulėjimo galimy-
bių. Svarbu giliau suprasti genetinius veiksnius, turinčius įtakos gimdos 
kaklelio vėžio jautrumui, progresavimui ir gydymo atsakui, kad būtų galima 
kurti tikslines intervencijas ir individualias gydymo strategijas. 

Plečiantis mūsų žinioms apie šiuos genetinius ir molekulinius veiksnius, 
taikant individualesnį požiūrį į gimdos kaklelio vėžio atvejus, pasiekiami vis 
tikslesni ir individualūs gimdos kaklelio vėžio valdymo būdai, suteikiantys 
vilties ateityje taikyti geresnę profilaktiką, ankstyvąjį diagnozavimą ir gydymą. 

Atsižvelgus į aptartą kontekstą, mūsų tyrimu siekta ištirti pagrindinių su 
gimdos kaklelio vėžio progresavimu susijusių genų germinacinių polimorfiz-
mų įtaką. Atlikdami genetinių variantų įtakos naviko vystymuisi ir gydymo 
atsakui analizę, tyrimu siekiame nustatyti naujus prognostinės vertės biologi-
nius žymenis ir prisidėti prie tiksliosios medicinos metodų gimdos kaklelio 
vėžiui suvaldyti. Pagrindinis šios disertacijos tikslas ‒ ištirti ryšius tarp šių 
šešių genų genetinių variantų ir gimdos kaklelio vėžio jautrumo, progresa-
vimo bei gydymo atsako. Norint atskleisti genetinius gimdos kaklelio vėžio 
veiksnius, siekiama nustatyti naujus rizikos stratifikacijos biologinius žyme-
nis, kurie būtų naudingi ir individualizuotiems gydymo metodams, ir kartu 
prisidėti prie geresnių pacientų gydymo rezultatų. 

Tyrimo tikslas 
Šio tyrimo tikslas buvo įvertinti TLR4, RRP1B, SIPA1, SRSF1, HOTAIR 

ir MALAT1 germinacinių polimorfizmų reikšmę gimdos kaklelio vėžio 
prognozei. 

Tyrimo uždaviniai 
1. Nustatyti imuninio atsako moduliatoriaus TLR4 geno polimorfizmus 

ir įvertinti jų sąsajas su gimdos kaklelio vėžio progresavimu bei 
prognoze. 

2. Įvertinti metastazavimo procese dalyvaujančių RRP1B, SIPA1 ir 
SRSF1 genų variantų sąsajas su gimdos kaklelio vėžio eiga. 

3. Analizuoti epigenetinių modifikatorių HOTAIR ir MALAT1 genų 
variantus ir ištirti jų ryšį su gimdos kaklelio vėžio progresavimu. 

Tyrimo naujumas ir praktinė reikšmė 
Mūsų tyrimu siekiama ištirti gimdos kaklelio vėžį, vieną dažniausių 

moterų vėžio tipų. Tyrėme 27 genetinius polimorfizmus TLR4, RRP1B, 
SIPA1, SRSF1, HOTAIR ir MALAT1 genuose, kurie dalyvauja įvairiuose vėžio 
vystymosi, progresavimo ir gydymo atsako etapuose. 
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TLR4 vaidina nemažą vaidmenį, svarbų imuninei sistemai ir naviko 
reguliacijai. Dėl to tai yra labai svarbus dėmesio objektas. RRP1B ir SIPA1 
yra susiję su ląstelių proliferacija, migracija ir invazija, kurios turi potencialą 
naviko agresyvumui ir metastazėms. SRSF1, sukirpimo (angl. splicing) fakto-
rius, yra svarbus alternatyviam sukirpimui (angl. alternative splicing), susiju-
siam su vėžiu, o HOTAIR ir MALAT1, ilgos nekoduojančios RNR, reguliuo-
jančios epigenetiką ir metastazes, gali būti naudojamos kaip prognostiniai 
biologiniai žymenys. 

Kaip rodo ankstesni tyrimai, paveldėti polimorfizmai yra susiję su speci-
finėmis naviko savybėmis ir vėžio baigtimis. Pripažindami potencialią germi-
nacinių polimorfizmų įtaką ligos patomorfologinėms savybėms ir ligos 
progresavimui, ištyrėme dvidešimt septynių funkcinių genetinių variantų 
asociacijas TLR4, RRP1B, SIPA1, SRSF1, HOTAIR ir MALAT1 genuose su 
klinikiniais patologiniais profiliais ir išgyvenamumo rodikliais moterų, ser-
gančių gimdos kaklelio vėžiu, kohortoje. Mūsų tyrimas yra pirmasis, kuriame 
analizuojami šių genų variantai, siekiant įvertinti jų įtaką klinikinėms vėžio 
savybėms bei gimdos kaklelio vėžio progresavimui. Nustatant ryšį tarp 
genetinių variantų ir gimdos kaklelio vėžio, galima rekomenduoti naudoti 
šiuos genetinius variantus kaip prognostinius biologinius žymenis įvertinant 
numanomą ligos vystymąsi. 

Tyrimas išsiskiria keliais privalumais, o vienas iš jų – išsamus duomenų 
rinkinys, kuriame pateikiama genetinė informacija, naviko fenotipų duome-
nys ir išgyvenamumo duomenys. Pažymėtina, kad, mūsų žiniomis, iki šiol 
panašių tyrimų, kuriuose būtų nagrinėjamos šių polimorfizmų ir gimdos 
kaklelio vėžio klinikinių savybių sąsajos nebuvo atlikta, todėl negalima 
tiesiogiai palyginti mūsų gautų rezultatų. Todėl mūsų tyrimu siekta išsiaiš-
kinti šių polimorfizmų poveikį ligos klinikinėms apraiškoms ir rezultatams. 

Apskritai, tiriant šių šešių genų genetinius variantus ir jų sąsajas su 
gimdos kaklelio vėžio progresavimu, ne tik užkamšomos esamos spragos, bet 
ir suteikiama vilčių nustatyti naujus prognostinius žymenis ir gydymo 
taikinius, todėl taip bus prisidedama prie geresnių gydymo rezultatų suval-
dant gimdos kaklelio vėžį. 

TYRIMO METODAI 

Tyrimo dizainas 
Retrospektyvusis kohortinis tyrimas, kuriame tirtos suaugusios gimdos 

kaklelio vėžiu sergančios pacientės, buvo patvirtintas Kauno regiono biome-
dicininių tyrimų etikos komiteto (Nr. BE-2-10 ir P1-BE-2-10/2014). Visos 
pacientės buvo tiriamos Lietuvos sveikatos mokslų universiteto ligoninės 
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Kauno klinikose, Kaune, Lietuvoje, nuo 2014 m. spalio iki 2020 m. rugpjūčio 
mėn. Iš viso į tyrimą buvo įtrauktos 172 pacientės, sergančios I‒IV stadijos 
gimdos kaklelio vėžiu. Jų diagnozės buvo patvirtintos klinikiniais (ginekolo-
giniais ir radiologiniais tyrimais) bei histologiniais (gimdos kaklelio biopsi-
jomis) vertinimais. Kraujo mėginiai genetiniams tyrimams buvo paimti iš 
periferinių venų. Vėžio gydymas buvo taikomas pagal institucines gaires ir 
laikantis tarptautinių standartų.  

Pacienčių įtraukimo ir neįtraukimo kriterijai: 
Įtraukimo kriterijai:  
• Visiškas klinikinių charakteristikų duomenų prieinamumas.  
• Pacientės raštiškas sutikimas dalyvauti. 
Neįtraukimo kriterijai:  
• Kitos piktybinės ligos buvimas.  
• Reikšmingos gretutinių ligų būklės.  
• Medicininiai įrašai, kurie buvo naudojami klinikinėms ir patologi-

nėms savybėms bei ligos eigą apibūdinantiems duomenims gauti, 
buvo neišsamūs. 

Polimorfizmų atranka ir genotipavimas 
Genotipų duomenys buvo gauti iš Tarptautinio HapMap projekto (http:// 

www.HapMap.org) ir 1000 genomų projekto (http://www.1000genomes.org). 
Genetiniai variantai (angl. SNP) buvo atrinkti pagal ankstesnį identifikavimą 
įvairiose populiacijose ir sąsajas su ligų baigtimis, aprašytomis literatūroje. 
Mes sutelkėme dėmesį į polimorfizmus, kurie mažiau tirti gimdos kaklelio 
vėžio kontekste ir kurių retojo alelio dažnis Europos populiacijoje yra bent 
5 proc., – taip buvo siekta užtikrinti statistinį reikšmingumą. Prioritetas buvo 
teikiamas polimorfizmams, kurie gali turėti funkcionalų pagrindinių biolo-
ginių procesų reikšmingumą.  

DNR buvo išgauta iš periferinio kraujo mėginių leukocitų. Išgavimo 
procedūrai buvo naudojamas genominės DNR išskyrimo rinkinys iš Thermo 
Fisher Scientific Baltics, Vilnius, Lietuva. Pasirinktų polimorfizmų genoti-
pavimas TLR4, RRP1B, SIPA1, SRSF1, HOTAIR ir MALAT1 genuose buvo 
atliktas Onkologijos institute, Lietuvos sveikatos mokslų universitete, naudo-
jant TaqMan® polimorfizmų genotipavimo analizės rinkinius. Molekulinės 
genetinės analizės buvo atliktos Tikralaikės polimerazės grandininės reakci-
jos metodika.  

Klinikinių ypatybių vertinimas 
Visų karcinomos atvejų stadijos buvo nustatytos pagal FIGO gaires, o 

naviko diferenciacijos laipsnis buvo vertinamas pagal architektūrinius ir 
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citologinius kriterijus. Analizė apėmė klinikinius patologinius požymius, 
įskaitant pacienčių amžių diagnozės metu, naviko dydį (T), limfmazgių 
pažeidimą (N), metastazių plitimą (M), stadiją, diferenciacijos laipsnį (G), 
gydymo atsaką, ligos progresavimą ir mirtingumą.  

Buvo tiriami ryšiai tarp polimorfizmų ir naviko ypatybių, tokių kaip 
amžius (≤ 50 vs. > 50 m.), naviko dydis (T1‒T2 vs. T3‒4), limfmazgių būklė 
(N0 vs. N1), tolimosios metastazės (M0 vs. M1), naviko diferenciacijos 
laipsnis (G1 + G2 vs. G3), stadija (I‒II vs. III‒IV) ir prognozė (T3‒T4 + G3 
vs. T1‒T2 + G1‒G2). Taip pat buvo nagrinėjami klinikiniai rezultatai, 
įskaitant išgyvenamumą be ligos progresavimo ir bendrąjį išgyvenimą.  

Statistinė analizė ir programinės įrangos naudojimas 
Identifikuoti genetiniai variantai buvo analizuojami naudojant SPSS 25.0 

versiją. Genotipų, alelių ir naviko charakteristikų ryšiams tirti buvo taikyti 
Pearsono chi kvadrato ir Fisherio Exact testai. Naudojant vienmačius ir dau-
giamačius logistinės regresijos modelius, buvo apskaičiuoti šansų santykiai 
(ŠS) su 95 proc. pasikliautinaisiais intervalais (PI) ir p vertėmis, atsižvelgiant 
į amžių ir klinikinius patologinius požymius. Išgyvenamumų skirtumams 
analizuoti buvo apskaičiuoti rizikos santykiai, naudojant Cox modelius, o 
išgyvenimo kreivės buvo sudarytos naudojant Kaplano‒Meierio metodą ir 
vertintos log-rank testu. p vertė < 0,05 buvo laikoma statistiškai reikšminga. 
Haplotipų reikšmė (angl. linkage disequilibrium (LD)) tarp polimorfizmų 
buvo vertinama naudojant Haploview v4.1, o haplotipai buvo nustatyti naudo-
jant Phase v2.1 programinę įrangą. Buvo analizuojami haplotipų ryšiai su 
klinikinėmis ligos apraiškomis ir išgyvenimo rezultatais, siekiant nustatyti 
potencialius genetinius veiksnius, galinčius turėti įtakos ligos eigai. 

REZULTATAI 

Klinikiniai ypatumai 
Tyrime dalyvavo 172 pacientės. Daugumą jų sudarė Lietuvos pilietės 

(90,1 proc.), o kitos atvyko iš kitų Europos šalių. Dalyvių amžius svyravo 
nuo 22 iki 83 metų, vidutinis amžius buvo 55,4 metų su 13,5 metų standar-
tiniu nuokrypiu. Naviko dydžio analizė parodė, kad 48,8 proc. atvejų buvo 
T2 kategorijos. Limfmazgių pažeidimas buvo nustatytas 44,8 proc. pacien-
čių, o metastazės paraaortiniuose limfmazgiuose dokumentuotos 5,2 proc. 
Tolimosios metastazės buvo nustatytos 5,8 proc. atvejų. Dažniausios stadijos 
buvo IIB ir IIIC1 ‒ atitinkamai 32,0 ir 31,0 proc. atvejų. 44,2 proc. tyrimo 
dalyvių nustatytos mažesnės stadijos (I‒II), o 55,8 proc. – didesnės stadijos 
(III‒IV). Naviko diferenciacija: 7,6 proc. gerai diferencijuoti (G1), 65,7 proc. ‒ 
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vidutiniškai (G2) ir 26,7 proc. ‒ blogai. Didžiajai daliai pacienčių (69,2 proc.) 
buvo taikytas standartinis chemospindulinis gydymas. 70,3 proc. atvejų 
gydymo atsakas buvo labai geras. Laikas iki ligos progresavimo buvo 
vidutiniškai 13 mėnesių, t. y. nuo 1 iki 201 mėnesio, o 30,2 proc. dalyvių liga 
progresavo. Iš jų 51 pacientei nustatyta sritinių limfmazgių metastazių, 18 – 
paraaortinių limfmazgių metastazių, o 16 – tolimųjų metastazių. Tyrimo metu 
užregistruota 40 mirčių (23,3 proc. dalyvių), vidutinė bendrojo išgyvenamu-
mo trukmė buvo 16,5 mėnesio. 45,9 proc. pacienčių turėjo lėtinių ligų, tačiau 
visos mirtys buvo nuo vėžio progresavimo.  

Genetinių variantų dažniai ir pasiskirstymas 
Mūsų tyrime 172 pacientės buvo genotipuotos pagal šiuos genetinius va-

riantus: TLR4 (rs10983755, rs10759932, rs11536865, rs4986790, rs4986791, 
rs11536897, rs1927906, rs11536898), RRP1B (rs2838342, rs7276633, 
rs2051407, rs9306160, rs762400), SIPA1 (rs746429, rs931127, rs3741378), 
SRSF1 (rs8819, rs34592492, rs11654058, rs2233908, rs2585828), HOTAIR 
(rs12826786, rs7958904, rs920778) ir MALAT1 (rs619586, rs664589, 
rs3200401). RRP1B rs9306160 buvo identifikuotas 169 atvejais, trys atvejai 
buvo atmesti dėl neamplifikacijos. Dauguma polimorfizmų atitiko Hardy-
Weinbergo pusiausvyrą, išskyrus TLR4 rs619586, kuris parodė reikšmingą 
nuokrypį, kadangi nenustatyta C alelio. Palyginus mūsų kohortos alelių 
dažnius su Europos duomenimis iš 1000 genomo projekto, buvo pastebėta 
nedidelių, statistiškai nereikšmingų skirtumų dvidešimt šešių polimorfizmų 
atvejais (p > 0,05), tačiau SRSF1 polimorfizmo rs746429 atveju skirtumai 
buvo statistiškai reikšmingi (p < 0,05).  

Sąsajų pusiausvyra ir haplotipų paskirstymas 
Mes tirtuose genuose analizavome sąsajas (angl. linkage disequilibrium) 

tarp polimorfizmų, naudodami D' ir r² rodiklius. 
TLR4 genas: vertinant sąsajas tarp 8 TLR4 geno polimorfizmų, D' vertės 

svyruoja nuo 0 iki 1, nustatant polimorfizmų poras su reikšminga sąsajų reikš-
me. Sąsajų blokas, sudarytas iš rs4986790, rs4986791 ir rs1927906, rodo 
aukštas D' (0,95–1,0) ir r² vertes (0,6–0,95), turinčias minimalią rekom-
binaciją. Dažniausias haplotipas „ACT“ buvo rastas 304 chromosomose 
(88,37 proc.). „ACC“ haplotipas nustatytas 14 chromosomų (4,07 proc.), 
„GTC“ – 25 chromosomose (7,27 proc.), o „ATC“ buvo labai retas, paste-
bėtas tik vienoje chromosomoje (0,29 proc.). Tolesnėje analizėje dėmesys 
buvo sutelktas į „ACT“ haplotipą dėl jo gausumo. 

RRP1B genas: vidutinė D' vertė buvo 0,949 ± 0,037, rodanti stiprų ryšį. 
Vidutinė r² vertė buvo 0,802 ± 0,065, taip pat atspindinti vidutinį – aukštą 
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ryšį. Šie rezultatai rodo, kad yra reikšmingų sąsajų tarp RRP1B tirtų penkių 
polimorfizmų. Atsižvelgiant į šį stiprų ryšį, visi penki variantai (rs2838342, 
rs7276633, rs2051407, rs9306160 ir rs762400) buvo įtraukti į haplotipų 
analizę. Buvo nustatyta trylika haplotipų. Dažniausias haplotipas „ATCCG“ 
sudarė 55 proc. visų haplotipų, o „GCTTC“ – 36 proc. Kiti haplotipai, tokie 
kaip „ATCTG“ ir „ATCTC“, buvo retesni. Tolesnėje analizėje sutelkėme 
dėmesį į du dažniausius haplotipus: „ATCCG“ ir „GCTTC“. 

SIPA1 genas: haplotipų blokų nebuvo nustatyta. 
SRSF1 genas: D' vertės svyravo nuo 0,922 iki 1,0, o r² vertės ‒ nuo 0,005 

iki 1,0. Į analizę buvo įtraukti keturi polimorfizmai (rs8819, rs11654058, 
rs2233908 ir rs2585828). Nustatyti penki SRSF1 haplotipai. Dažniausias 
haplotipas „CTGA“ buvo rastas 290 chromosomose (84,30 proc.), todėl jis 
yra vyraujantis. „TCAG“ buvo retesnis, rastas 34 chromosomose (9,89 proc.). 
Reti haplotipai, tokie kaip „CTAG“ ir „TTGA“, buvo pastebėti tik vienoje 
chromosomoje (0,29 proc.), o „TTAG“ – 18 chromosomų (5,23 proc.). Dėl 
šios priežasties tolesnei analizei pasirinktas dažniausias haplotipas „CTGA“. 

HOTAIR genas: analizuojant tris HOTAIR geno polimorfizmus 
(rs12826786, rs7958904 ir rs920778), buvo nustatyta stipri sąsaja. D' vertės 
svyravo nuo 0,972 iki 1,0, o r² vertės ‒ nuo 0,812 iki 0,988. Visi trys polimor-
fizmai sudarė vieną bloką. Dažniausias haplotipas „CGA“ buvo rastas 123 
chromosomose (35,76 proc.). Antras pagal dažnumą haplotipas „CGG“ buvo 
aptiktas 88 chromosomose (25,58 proc.). Kiti haplotipai, tokie kaip „TCA“, 
„TCG“, „CCA“, „TGA“ ir „CCG“, buvo ne tokie dažni, nuo 0,29 proc. iki 
21,51 proc. Analizė buvo sutelkta į vyraujančius „CGA“ ir „CGG“ haplo-
tipus. 

MALAT1 genas: buvo nustatytas silpnas ryšys tarp trijų MALAT1 poli-
morfizmų, su D' vertėmis nuo 0,653 iki 1,0 ir r² vertėmis ‒ nuo 0,004 iki 
0,383. Haplotipo blokų nebuvo nustatyta, todėl jie nebuvo naudojami tolesnei 
analizei. 

Asociacijų analizė 
TLR4 genas:  
Mūsų analizė, nagrinėjant rs10759932, rs1927906, rs11536865, 

rs10983755, rs4986790, rs4986791 ir rs11536897 sąsajas su navikų ypaty-
bėmis, parodė, kad nėra statistiškai reikšmingų koreliacijų su naviko dydžiu, 
limfmazgių būkle, metastazėmis, naviko diferenciacija, stadija, prognoze 
arba pacienčių amžiumi diagnozės metu (p > 0,05).  

Naudojant logistinės regresijos modelį, nenustatyta statistiškai reikšmin-
gų koreliacijų tarp rs11536898 ir naviko dydžio, limfmazgių būklės, naviko 
ląstelių diferenciacijos, stadijos, prognozės ar pacientės amžiaus. Tačiau 
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nustatėme reikšmingą ryšį tarp rs11536898 ir metastazių (M). Turint A alelį, 
metastazių rizika buvo gerokai didesnė (ŠS = 5,068, 95 proc. PI: 1,357‒
18,918, p = 0,008). Genotipinis modelis iš dalies patvirtino šį radinį: pacien-
tėms, turinčioms CA genotipą, buvo 4,735 karto didesnė tolimųjų metastazių 
rizika, nei pacientėms, turinčioms CC genotipą (95 proc. PI: 1,204‒18,626, 
p = 0,026). Norime atkreipti dėmesį, kad mūsų tyrime buvo tik penkios 
pacientės, turinčios AA genotipą, o tai galėjo turėti įtaką p vertei atliekant šį 
lyginimą. 

Daugiamate logistinės regresijos analize patvirtintas statistiškai reikš-
mingas ryšys tarp rs11536898 ir metastazių. Daugiamatėje analizėje (Modelis 
Nr. 1) CA genotipas gerokai padidino metastazių riziką (ŠS = 4,609, 95 proc. 
PI: 1,166‒18,212, p = 0,029), o A alelis padidino metastazių riziką (ŠS = 
5,044, 95 proc. PI: 1,346‒18,899, p = 0,016), atsižvelgiant į pacientės amžių 
diagnozės metu. Šis ryšys išliko statistiškai reikšmingas, kai buvo atsižvel-
giama tiek į pacientės amžių diagnozės metu, tiek į naviko diferenciaciją (G) 
(Modelis Nr. 2): CA genotipas labai padidino metastazių riziką (ŠS = 4,419, 
95 proc. PI: 1,111‒17,576, p = 0,035), taip pat A alelis didino metastazių 
riziką (ŠS = 4,884, 95 proc. PI: 1,297‒18,392, p = 0,019). 

RRP1B genas: 
Visi tiriami polimorfizmai parodė reikšmingas sąsajas su gimdos kakle-

lio vėžio klinikiniais požymiais, tačiau nebuvo susiję su limfmazgių pažei-
dimu ar naviko diferenciacija. Kita vertus, visi polimorfizmai buvo susiję su 
naviko dydžiu arba metastazėmis, o kai kurie taip pat turėjo įtakos vėžio 
stadijai ir prognozei.  

Rs2838342 analizė atskleidė reikšmingus rezultatus. Vienmatė logistinės 
regresijos analizė parodė, kad asmenys, turintys A alelį, turėjo daug mažesnę 
didesnio naviko dydžio (T3–T4) tikimybę (ŠS = 0,281, 95 proc. PI: 0,122–
0,643, p = 0,002), palyginti su tais, kurie neturėjo A alelio. Daugiamatės 
analizės visais keturiais modeliais nuosekliai išryškino, kad A alelis buvo 
susijęs su mažesne didesnio naviko dydžio tikimybe, ŠS svyravo nuo 0,244 
iki 0,299. Regioninio limfmazgių pažeidimo (N1) ir tolimųjų metastazių 
(M1) buvimas taip pat turėjo įtakos šiems ryšiams. Vienmatė logistinės 
regresijos analizė parodė, kad A alelis gerokai sumažino tolimųjų metastazių 
tikimybę (ŠS = 0,274, 95 proc. PI: 0,072–1,040, p = 0,044). Priešingai, turint 
bent vieną G alelį, tolimųjų metastazių tikimybė šiek tiek padidėjo (OR = 
1,199), tačiau ši sąsaja nebuvo reikšminga (p = 0,798). Daugiamatės analizės 
duomenimis, matomas galimas A alelio apsauginis poveikis tolimųjų 
metastazių atsiradimui, nors statistinė reikšmė buvo ribota (p > 0,05). Šie 
rezultatai rodo, kad A alelis rs2838342 gali padėti apsisaugoti nuo tolimųjų 
metastazių. Blogesnės prognozės grupėje (T3–T4 + G3) A alelis reikšmingai 
sumažino blogos prognozės tikimybę (ŠS = 0,182, 95 proc. PI: 0,061–0,538, 
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nustatėme reikšmingą ryšį tarp rs11536898 ir metastazių (M). Turint A alelį, 
metastazių rizika buvo gerokai didesnė (ŠS = 5,068, 95 proc. PI: 1,357‒
18,918, p = 0,008). Genotipinis modelis iš dalies patvirtino šį radinį: pacien-
tėms, turinčioms CA genotipą, buvo 4,735 karto didesnė tolimųjų metastazių 
rizika, nei pacientėms, turinčioms CC genotipą (95 proc. PI: 1,204‒18,626, 
p = 0,026). Norime atkreipti dėmesį, kad mūsų tyrime buvo tik penkios 
pacientės, turinčios AA genotipą, o tai galėjo turėti įtaką p vertei atliekant šį 
lyginimą. 

Daugiamate logistinės regresijos analize patvirtintas statistiškai reikš-
mingas ryšys tarp rs11536898 ir metastazių. Daugiamatėje analizėje (Modelis 
Nr. 1) CA genotipas gerokai padidino metastazių riziką (ŠS = 4,609, 95 proc. 
PI: 1,166‒18,212, p = 0,029), o A alelis padidino metastazių riziką (ŠS = 
5,044, 95 proc. PI: 1,346‒18,899, p = 0,016), atsižvelgiant į pacientės amžių 
diagnozės metu. Šis ryšys išliko statistiškai reikšmingas, kai buvo atsižvel-
giama tiek į pacientės amžių diagnozės metu, tiek į naviko diferenciaciją (G) 
(Modelis Nr. 2): CA genotipas labai padidino metastazių riziką (ŠS = 4,419, 
95 proc. PI: 1,111‒17,576, p = 0,035), taip pat A alelis didino metastazių 
riziką (ŠS = 4,884, 95 proc. PI: 1,297‒18,392, p = 0,019). 

RRP1B genas: 
Visi tiriami polimorfizmai parodė reikšmingas sąsajas su gimdos kakle-

lio vėžio klinikiniais požymiais, tačiau nebuvo susiję su limfmazgių pažei-
dimu ar naviko diferenciacija. Kita vertus, visi polimorfizmai buvo susiję su 
naviko dydžiu arba metastazėmis, o kai kurie taip pat turėjo įtakos vėžio 
stadijai ir prognozei.  

Rs2838342 analizė atskleidė reikšmingus rezultatus. Vienmatė logistinės 
regresijos analizė parodė, kad asmenys, turintys A alelį, turėjo daug mažesnę 
didesnio naviko dydžio (T3–T4) tikimybę (ŠS = 0,281, 95 proc. PI: 0,122–
0,643, p = 0,002), palyginti su tais, kurie neturėjo A alelio. Daugiamatės 
analizės visais keturiais modeliais nuosekliai išryškino, kad A alelis buvo 
susijęs su mažesne didesnio naviko dydžio tikimybe, ŠS svyravo nuo 0,244 
iki 0,299. Regioninio limfmazgių pažeidimo (N1) ir tolimųjų metastazių 
(M1) buvimas taip pat turėjo įtakos šiems ryšiams. Vienmatė logistinės 
regresijos analizė parodė, kad A alelis gerokai sumažino tolimųjų metastazių 
tikimybę (ŠS = 0,274, 95 proc. PI: 0,072–1,040, p = 0,044). Priešingai, turint 
bent vieną G alelį, tolimųjų metastazių tikimybė šiek tiek padidėjo (OR = 
1,199), tačiau ši sąsaja nebuvo reikšminga (p = 0,798). Daugiamatės analizės 
duomenimis, matomas galimas A alelio apsauginis poveikis tolimųjų 
metastazių atsiradimui, nors statistinė reikšmė buvo ribota (p > 0,05). Šie 
rezultatai rodo, kad A alelis rs2838342 gali padėti apsisaugoti nuo tolimųjų 
metastazių. Blogesnės prognozės grupėje (T3–T4 + G3) A alelis reikšmingai 
sumažino blogos prognozės tikimybę (ŠS = 0,182, 95 proc. PI: 0,061–0,538, 
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p = 0,002). Nors GG genotipas turėjo aukštesnę ŠS, esant blogai prognozei, 
šis ryšys nepasiekė įprastų reikšmingumo lygių (p = 0,071). A alelis taip pat 
rodė mažesnę blogesnės prognozės vėžio tikimybę (ŠS = 0,341, 95 proc. PI: 
0,137–0,849, p = 0,017) ir galimą apsauginį poveikį. Pacientėms, turinčioms 
AG genotipą, buvo mažesnė gimdos kaklelio vėžio išsivystymo iki 50 metų 
rizika (ŠS = 0,471, 95 proc. PI: 0,226–0,983, p = 0,045). Šie rezultatai rodo, 
kad A alelis rs2838342 gali turėti apsauginį poveikį ir apsaugoti nuo gimdos 
kaklelio vėžio progresavimo ir ligos sunkumo galbūt būdamas svabus kaip 
prognostinis žymuo. 

Rs7276633 T alelio turėtojoms buvo reikšmingai mažesnė didesnio 
naviko dydžio tikimybė (T3–T4) (ŠS = 0,281, 95 proc. PI: 0,122–0,643, p = 
0,003). Šis ryšys išliko tiriant visais keturiais daugiamatės analizės modeliais, 
kurių ŠS svyravo nuo 0,264 iki 0,299. Priešingai, C alelis neparodė reikšmin-
gos sąsajos su naviko dydžiu (p = 0,145). T alelis taip pat mažino didesnės 
naviko stadijos (III–IV) (ŠS = 0,341, 95 proc. PI: 0,137–0,849, p = 0,021) ir 
blogesnės prognozės (T3–T4 + G3) (ŠS = 0,182, 95 proc. PI: 0,061–0,538, 
p = 0,002) riziką. C alelio turėtojoms buvo didesnė rizika susirgti šia liga iki 
50 metų (ŠS = 2,138, 95 proc. PI: 1,080–4,230, p = 0,029). Šie rezultatai rodo, 
kad T alelis rs7276633 gali turėti apsauginį poveikį ir sąlygoti mažesnį 
išplitusio naviko dydį bei geresnę ligos prognozę. 

Tarp rs2051407 genotipų ir klinikinių ligos požymių reikšmingų ryšių 
nenustatyta. Tačiau C alelio turėtojoms buvo mažesnė didesnio naviko (T3–
T4) rizika, palyginti su tomis, kurios šio alelio neturėjo (ŠS = 0,393, 95 proc. 
PI: 0,166–0,929, p = 0,033). Ši sąsaja išliko reikšminga trijuose daugiamatės 
analizės modeliuose (ŠS svyruoja nuo 0,354 iki 0,414), tačiau ne Modelyje 
Nr. 4 (ŠS = 0,409, 95 proc. PI: 0,149–1,123, p = 0,083). Vienmatė analizė 
parodė, kad C alelis reikšmingai sumažino metastazių riziką (ŠS = 0,223, 
95 proc. PI: 0,058–0,858, p = 0,019), o šį ryšį patvirtino ir daugiamatės anali-
zės Modeliai Nr. 1, 2 ir 3. Vis dėlto Modelis Nr. 4 šios sąsajos nepatvirtino. 
C alelis taip pat mažino blogesnės prognozės (T3–T4 + G3) riziką (ŠS = 
0,267, 95 proc. PI: 0,087–0,823, p = 0,021), o tai leidžia manyti, kad šis 
polimorfizmas gali atlikti apsauginį vaidmenį. 

Rs9306160 polimorfizmo C alelis rodo reikšmingą apsauginį poveikį 
nuo metastazių (ŠS = 0,179, 95 proc. PI: 0,044–0,721, p = 0,008). Reikšmin-
go ryšio su CT genotipu nenustatyta, tačiau TT genotipas parodė tendenciją 
didinti metastazių riziką (ŠS = 5,889, 95 proc. PI: 0,993–34,906, p = 0,051). 
Daugiamatė analizė patvirtino C alelio apsauginį poveikį Modeliuose Nr. 1, 
2 ir 3, kur ŠS svyravo nuo 0,151 iki 0,187. Tačiau Modelyje Nr. 4 šis poveikis 
nebuvo statistiškai reikšmingas, nors ir išliko apsauginio poveikio tendencija. 

Rs762400 parodė reikšmingų sąsajų: G alelis buvo susijęs su mažesne 
išplitusio naviko dydžio (T3–T4) rizika, palyginti su G alelio nebuvimu 
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(ŠS = 0,383, 95 proc. PI: 0,151–0,967, p = 0,037). Ši sąsaja išliko reikšminga 
Modeliuose Nr. 1, 2 ir 3, tačiau Modelyje Nr. 4 statistiškai reikšmingo lygio 
nepasiekė (p = 0,106), o tai rodo kitų kintamųjų įtaką. Be to, G alelis buvo 
susijęs su reikšmingai mažesne metastazių rizika (ŠS = 0,176, 95 proc. PI: 
0,045–0,686, p = 0,006) vienmatėje analizėje. Daugiamatės analizės patvirti-
no apsauginį poveikį Modeliuose Nr. 1, 2 ir 3, nors Modelyje Nr. 4 ši 
tendencija išliko, bet nebuvo statistiškai reikšminga. Amžius ir kiti klinikiniai 
veiksniai reikšmingų sąsajų su metastazėmis neparodė. 

SIPA1 genas:  
Polimorfizmų rs931127 ir rs3741378 atvejais nenustatyta reikšmingo 

genotipų arba alelių ryšio su naviko fenotipu.  
Vienmatė logistinės regresijos analizė parodė, kad rs746429 GA genotipą 

turintys asmenys turi reikšmingai mažesnę blogai diferencijuotų navikų (G3) 
riziką, palyginti su GG genotipo neturinčiais asmenimis (ŠS: 0,329, p = 
0,007). A alelis taip pat siejamas su mažesne blogos naviko diferenciacijos 
rizika (ŠS: 0,424, p = 0,019). Siekiant patvirtinti GA genotipo ir A alelio 
apsauginį poveikį, minėtos sąsajos išlieka reikšmingos daugiamačiuose 
modeliuose, kuriuose buvo atsižvelgta į amžių, limfmazgių būklę, metastazes 
ir naviko dydį. Taip pat rs746429 GA genotipas siejamas su mažesne 
tikimybe susirgti gimdos kaklelio vėžiu jaunesnėms nei 50 metų moterims 
(ŠS: 0,435, p = 0,036) ir mažesne blogesnės prognozės rizika (ŠS: 0,255, p = 
0,012). A alelis taip pat rodo reikšmingą šių rizikų sumažėjimą, o tai leidžia 
manyti, kad jis taip pat gali turėti apsauginį poveikį. 

Apibendrinant galima teigti, kad rs746429, ypač GA genotipas ir A alelis, 
yra reikšmingai susiję su mažesne agresyvių naviko savybių ir nepalankių 
klinikinių rezultatų rizika ir turi galimą apsauginį poveikį, lemiantį geresnę 
naviko diferenciaciją ir prognozę. 

SRSF1 genas:  
Tiriant rs8819, rs34592492, rs11654058 ir rs2233908 polimorfizmus, 

reikšmingų sąsajų su naviko fenotipais, prognoze ar pacienčių amžiumi 
nenustatyta. 

Vis dėlto SRSF1 rs34592492 G alelis rodo reikšmingą sąsają su meta-
stazėmis (M). Tiriant G alelį turinčius asmenis, daugiausia buvo tų, kurie turi 
metastazes, o remiantis atliktais chi kvadrato testais (p < 0,001) matomas 
statistiškai reikšmingas ryšys. Nepaisant tikrai tikslių reikšmingumo testų 
rezultatų (p = 0,058), vis dėlto dėl mažo šio alelio turėtojų skaičiaus siūloma 
rezultatus vertinti atsargiai. Įvertinus riziką matyti, kad G alelį turintiems 
asmenims buvo 19 kartų didesnė metastazių rizika, nors platus pasikliau-
tinasis intervalas rodo neapibrėžtumą dėl mažo imties dydžio. Todėl nors 
sąsaja yra, įrodymai nėra pakankamai tvirti, kad būtų galima neabejotinai 
teigti, jog G alelis turi tiesioginę įtaką metastazėms atsirasti. 
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HOTAIR genas:  
Tiriant rs12826786, rs7958904 ir rs920778 polimorfizmus, reikšmingo 

ryšio tarp genotipų ar alelių ir naviko fenotipo (naviko dydžio, plitimo 
limfmazgiuose, metastazių, naviko diferenciacijos, stadijos, ligos prognozės 
ir paciento amžiaus) nenustatyta. 

MALAT1 genas: 
Tiriant rs619586, rs664589 ir rs3200401 polimorfizmus, reikšmingų 

sąsajų tarp genotipų ar alelių ir įvairių naviko fenotipų, įskaitant naviko dydį, 
limfmazgių pažeidimus, metastazes, naviko diferenciaciją, stadiją, ligos 
prognozę ir paciento amžių, nenustatyta. 

Haplotipų asociacijų analizė 
Analizuojant dažniausią TLR4 geno polimorfizmų rs4986790, rs4986791 

ir rs1927906 haplotipą (ACT), reikšmingų sąsajų tarp TLR4 diplotipų ir 
klinikinių charakteristikų nenustatyta. ACT haplotipo buvimas, nesvarbu, ar 
homozigotinis, ar heterozigotinis, neturi reikšmingos įtakos naviko agresyvu-
mui, metastazėms ar prognozei.  

Manydami, kad RRP1B polimorfizmai gali neveikti nepriklausomai, 
analizavome haplotipus, siekdami nustatyti bendrą kelių polimorfizmų povei-
kį. Tyrėme įvairių diplotipų ir klinikinių savybių sąsajas, lygindami hetero-
zigotines ir haplotipų (ATCCG, GCTTC) neturinčias turėtojas su jų homozi-
gotiniais atitikmenimis. Svarbu pažymėti, kad GCTTC haplotipo neturintys 
asmenys turėjo reikšmingai mažesnę išplitusio naviko dydžio (T3–T4) ir 
metastazių riziką, palyginti su homozigotiniais turėtojais (atitinkamai ŠS = 
0,367, 95 proc. PI: 0,136–0,992, p = 0,038 ir ŠS = 0,098, 95 proc. PI: 0,016–
0,578, p = 0,010). Pacientėms, neturinčioms ATCCG haplotipo, buvo didesnė 
išplitusio naviko stadijos ir blogesnės prognozės tikimybė, palyginti su 
homozigotinėmis ATCCG turėtojomis (ŠS = 2,100, 95 proc. PI: 0,638–6,916, 
p = 0,048). Daugiamatės analizės patvirtino šias sąsajas. GCTTC haplotipo 
neturėjimas nuosekliai rodė jo apsauginį poveikį, lemiantį mažesnį išplitusio 
naviko dydį (ŠS = 0,393, 95 proc. PI: 0,188–0,822, p = 0,039) ir apsaugą nuo 
metastazių atsiradimo (ŠS = 0,101, 95 proc. PI: 0,017–0,598, p = 0,012), net 
po amžiaus, naviko laipsnio, limfmazgių būklės ir kitų veiksnių įtakos verti-
nimo. 

Apibendrinant galima teigti, jog šie statistiškai reikšmingi rezultatai pa-
tvirtina RRP1B haplotipų, ypač GCTTC, reikšmingą genetinių pokyčių vaid-
menį ir jų įtaką naviko dydžiui ir metastazėms, sergant gimdos kaklelio vėžiu, 
nepriklausomai nuo kitų klinikinių veiksnių. 

Logistinės regresijos analizė, lyginant SRSF1 geno polimorfizmų rs8819, 
rs11654058, rs2233908 ir rs2585828 diplotipus su klinikinėmis savybėmis, 
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įskaitant amžių ir naviko ypatybes, šioje kohortoje neparodė reikšmingo 
CTGA haplotipo (nesvarbu, ar homozigotinis, ar heterozigotinis) poveikio 
naviko savybėms, metastazėms arba prognozei. 

Vienmatės logistinės regresijos analizė, vertinant HOTAIR haplotipus 
(CGG, CGA, TCA), neparodė reikšmingų sąsajų su klinikiniais rezultatais, 
įskaitant naviko stadiją, limfmazgių įtraukimą, metastazes, naviko laipsnį, 
amžių ar prognozę. Šių haplotipų buvimas, nesvarbu, ar homozigotinis, ar 
heterozigotinis, neturi reikšmingos įtakos naviko savybėms ar prognozei šioje 
populiacijoje. 

Išgyvenamumo analizė 
TLR4 genas: 
Daugumos TLR4 polimorfizmų genotipų ar alelių ir išgyvenamumo 

rezultatų sąsajos nebuvo statistiškai reikšmingos. Tačiau rs10759932 ir 
rs11536898 turėjo reikšmingos įtakos laikui be ligos progresavimo (PFS) ir 
bendram išgyvenamumui (OS). 

Ištyrus rs10759932, nustatyta, kad CC genotipas buvo susijęs su trum-
pesniu PFS ir OS, palyginti su TT genotipu. Kaplano‒Meierio analizė parodė 
reikšmingas sąsajas su OS (Log Rank p = 0,049, Breslow p = 0,018, Tarone–
Ware p = 0,028). Cox regresijos analizė parodė, kad CC genotipas beveik tris 
kartus padidino trumpesnio PFS riziką (RS = 2,918, 95 proc. PI: 0,894–9,530, 
p = 0,049) ir daugiau nei tris kartus padidino trumpesnio OS riziką (RS = 
3,340, 95 proc. PI: 1,006–11,095, p = 0,048). Po koregavimo pagal naviko 
stadiją, limfmazgių įtraukimą, diferenciacijos laipsnį ir paciento amžių CC 
genotipas vis dar reikšmingai didino trumpesnio laiko iki ligos progresavimo 
riziką (RS = 3,674, 95 proc. PI: 1,115–12,108, p = 0,032) ir ankstyvesnės 
mirties riziką (RS = 4,608, 95 proc. PI: 1,344–15,801, p = 0,015). Priešingai, 
T alelio turėtojoms buvo reikšmingai didesnė tikimybė, kad bus ilgesnis PFS 
(RS = 0,244, 95 proc. PI: 0,075–0,795, p = 0,019) ir ilgesnis OS (RS = 0,200, 
95 proc. PI: 0,059–0,674, p = 0,009). 

Ištyrus rs11536898, nustatyta, kad AA genotipas buvo susijęs su trum-
pesniu PFS ir OS, palyginti su CC genotipu. Kaplano‒Meierio analizė parodė 
reikšmingas sąsajas tiek su PFS (Log Rank p = 0,014, Breslow p = 0,001, 
Tarone–Ware p = 0,003), tiek su OS (Log Rank p = 0,003, Breslow p < 0,001, 
Tarone–Ware p < 0,001). AA genotipas reikšmingai sumažino ilgesnio PFS 
tikimybę (RS = 3,926, 95 proc. PI: 1,201–12,837, p = 0,024) ir padidino 
trumpesnio OS riziką (RS = 5,057, 95 proc. PI: 1,522–16,802, p = 0,008). 
Daugiamatėje analizėje AA genotipas išliko reikšmingai susijęs su didesne 
trumpesnio OS rizika (RS = 3,735, 95 proc. PI: 1,051–13,278, p = 0,042) ir 
parodė ribinį poveikį PFS (RS = 3,306, 95 proc. PI: 0,967–11,299, p = 0,057). 
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įskaitant amžių ir naviko ypatybes, šioje kohortoje neparodė reikšmingo 
CTGA haplotipo (nesvarbu, ar homozigotinis, ar heterozigotinis) poveikio 
naviko savybėms, metastazėms arba prognozei. 

Vienmatės logistinės regresijos analizė, vertinant HOTAIR haplotipus 
(CGG, CGA, TCA), neparodė reikšmingų sąsajų su klinikiniais rezultatais, 
įskaitant naviko stadiją, limfmazgių įtraukimą, metastazes, naviko laipsnį, 
amžių ar prognozę. Šių haplotipų buvimas, nesvarbu, ar homozigotinis, ar 
heterozigotinis, neturi reikšmingos įtakos naviko savybėms ar prognozei šioje 
populiacijoje. 

Išgyvenamumo analizė 
TLR4 genas: 
Daugumos TLR4 polimorfizmų genotipų ar alelių ir išgyvenamumo 

rezultatų sąsajos nebuvo statistiškai reikšmingos. Tačiau rs10759932 ir 
rs11536898 turėjo reikšmingos įtakos laikui be ligos progresavimo (PFS) ir 
bendram išgyvenamumui (OS). 

Ištyrus rs10759932, nustatyta, kad CC genotipas buvo susijęs su trum-
pesniu PFS ir OS, palyginti su TT genotipu. Kaplano‒Meierio analizė parodė 
reikšmingas sąsajas su OS (Log Rank p = 0,049, Breslow p = 0,018, Tarone–
Ware p = 0,028). Cox regresijos analizė parodė, kad CC genotipas beveik tris 
kartus padidino trumpesnio PFS riziką (RS = 2,918, 95 proc. PI: 0,894–9,530, 
p = 0,049) ir daugiau nei tris kartus padidino trumpesnio OS riziką (RS = 
3,340, 95 proc. PI: 1,006–11,095, p = 0,048). Po koregavimo pagal naviko 
stadiją, limfmazgių įtraukimą, diferenciacijos laipsnį ir paciento amžių CC 
genotipas vis dar reikšmingai didino trumpesnio laiko iki ligos progresavimo 
riziką (RS = 3,674, 95 proc. PI: 1,115–12,108, p = 0,032) ir ankstyvesnės 
mirties riziką (RS = 4,608, 95 proc. PI: 1,344–15,801, p = 0,015). Priešingai, 
T alelio turėtojoms buvo reikšmingai didesnė tikimybė, kad bus ilgesnis PFS 
(RS = 0,244, 95 proc. PI: 0,075–0,795, p = 0,019) ir ilgesnis OS (RS = 0,200, 
95 proc. PI: 0,059–0,674, p = 0,009). 

Ištyrus rs11536898, nustatyta, kad AA genotipas buvo susijęs su trum-
pesniu PFS ir OS, palyginti su CC genotipu. Kaplano‒Meierio analizė parodė 
reikšmingas sąsajas tiek su PFS (Log Rank p = 0,014, Breslow p = 0,001, 
Tarone–Ware p = 0,003), tiek su OS (Log Rank p = 0,003, Breslow p < 0,001, 
Tarone–Ware p < 0,001). AA genotipas reikšmingai sumažino ilgesnio PFS 
tikimybę (RS = 3,926, 95 proc. PI: 1,201–12,837, p = 0,024) ir padidino 
trumpesnio OS riziką (RS = 5,057, 95 proc. PI: 1,522–16,802, p = 0,008). 
Daugiamatėje analizėje AA genotipas išliko reikšmingai susijęs su didesne 
trumpesnio OS rizika (RS = 3,735, 95 proc. PI: 1,051–13,278, p = 0,042) ir 
parodė ribinį poveikį PFS (RS = 3,306, 95 proc. PI: 0,967–11,299, p = 0,057). 
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C alelis rs11536898 buvo susijęs su ilgesniu PFS (RS = 0,291, 95 proc. PI: 
0,086–0,987, p = 0,048) ir ilgesniu OS (RS = 0,274, 95 proc. PI: 0,078–0,959, 
p = 0,043) po klinikinių veiksnių koregavimo. 

Priešingai, TLR4 ACT haplotipas šioje kohortoje nerodė reikšmingos 
sąsajos su PFS arba OS. 

RRP1B genas: 
Tarp rs2838342, rs7276633, rs2051407 ar rs762400 genotipų ar alelių ir 

PFS reikšmingų sąsajų nenustatyta. Tačiau rs2838342 A alelis buvo susijęs su 
geresniu OS (RS = 0,465, 95 proc. PI: 0,232–0,931, p = 0,031), ir ši sąsaja 
išliko reikšminga po amžiaus koregavimo (RS = 0,462, p = 0,030). Rs7276633 
T alelis taip pat buvo susijęs su geresniu OS (RS = 0,465, p = 0,031), šis 
poveikis išliko reikšmingas po koregavimo pagal amžių (RS = 0,462, p = 
0,030). Rs2051407 C alelis taip pat turėjo apsauginį poveikį OS (RS = 0,418, 
p = 0,017) ir šis poveikis išliko reikšmingas daugiamatėje analizėje (RS = 
0,404, p = 0,014). 

Rs762400 CC genotipas parodė didesnę trumpesnio OS (RS = 2,550, p = 
0,030) riziką, ir šis poveikis išliko reikšmingas po koregavimo pagal amžių 
(RS = 2,476, p = 0,035). Tačiau šis poveikis buvo ne toks reikšmingas, kai 
buvo atsižvelgta į platesnes naviko charakteristikas, kur išplitusio naviko 
dydis turėjo didelį poveikį OS (RS = 7,546, p < 0,001). 

RRP1B haplotipų analizė parodė, kad GCTTC haplotipo neturinčios 
tiriamosios turėjo geresnį OS, palyginti su homozigotinėmis GCTTC haplo-
tipo turėtojomis (RS = 0,298, p = 0,005), o tai rodo jo apsauginį vaidmenį. 
Šis poveikis buvo nuoseklus visuose daugiamačiuose modeliuose, pabrėžiant 
haplotipo buvimo reikšmę išgyvenamumo rezultatams.  

Apibendrinant galima teigti, kad daugiamatė analizė leidžia akcentuoti 
reikšmingą tam tikrų genetinių variantų ir naviko charakteristikų vaidmenį, 
darančius įtaką OS, o kai kurie aleliai ir haplotipai rodo esant galimą 
apsauginį poveikį. 

SIPA1 genas: 
Cox vienmatė SIPA1 polimorfizmų rs746429, rs931127 ir rs3741378 

analizė neparodė reikšmingų sąsajų su laiku be ligos progresavimo (PFS) ar 
bendruoju išgyvenamumu (OS). Rizikos santykiai (HRs), pasikliautinumo 
intervalai (CIs) ir p vertės rodo, kad šioje kohortoje šie polimorfizmai neturi 
reikšmingo poveikio PFS ar OS. 

SRSF1 genas: 
Cox vienmatė analizė dėl SRSF1 polimorfizmų rs8819, rs11654058, 

rs2233908 ir rs2585828 neparodė reikšmingos įtakos laikui be ligos progresa-
vimo (PFS) ar bendrajam išgyvenamumui (OS). Rs34592492 atveju G alelis 
iš pradžių buvo susijęs su apsauginiu poveikiu PFS (RS = 0,328, p = 0,022), 
tačiau šis reikšmingumas neišryškėjo daugiamatėje analizėje, atsižvelgiant į 
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amžių ir naviko ypatybes. Kita vertus, rs34592492 CC genotipas buvo reikš-
mingai susijęs su sumažėjusiu OS tiek vienmatėje (RS = 19,947, p = 0,005), 
tiek daugiamatėje analizėje (RS = 12,582, p = 0,023), o G alelis išlaikė savo 
apsauginį poveikį (RS = 0,078, p = 0,022). 

Naviko stadija T3‒T4 taip pat parodė stiprią sąsają su sumažėjusiu OS 
(RS = 7,738, p < 0,001). Amžius diagnozės metu ir naviko diferenciacijos 
laipsnis neturėjo reikšmingos įtakos OS. SRSF1 haplotipai, įskaitant CTGA, 
neparodė reikšmingų sąsajų su PFS ar OS. 

HOTAIR genas: 
Cox vienmatė HOTAIR polimorfizmų rs12826786, rs7958904 ir rs920778 

analizė neparodė reikšmingų sąsajų su laiku be ligos progresavimo (PFS) ar 
bendruoju išgyvenamumu (OS). Genotipų (pvz., CT vs. CC, CG vs. GG, AG 
vs. GG) ir alelių skirtumai neturėjo reikšmingos įtakos išgyvenamumo rezul-
tatams. HOTAIR haplotipai (CGG, CGA, TCA) taip pat neturėjo reikšmingos 
įtakos PFS ar OS. Visos p vertės buvo statistiškai nereikšmingos. Šie rezul-
tatai rodo, kad HOTAIR polimorfizmų ir haplotipų variantai šioje duomenų 
imtyje neturi reikšmingos įtakos išgyvenamumo rezultatams.  

MALAT1 genas: 
Cox vienmatė MALAT1 polimorfizmų rs619586 ir rs3200401 analizė 

neparodė reikšmingų sąsajų su PFS ar OS. Tačiau rs664589 GG genotipas 
buvo reikšmingai susijęs su blogesniu OS (RS = 12.212, p = 0.016), bet ši 
reikšmė sumažėjo daugiamačiuose modeliuose, kai buvo atsižvelgta į pacien-
čių amžių ir naviko charakteristikas. Rs664589 C alelis pradžioje rodė apsau-
ginį poveikį OS (RS = 0.083, p = 0.017), bet šis poveikis taip pat sumažėjo 
daugiamačiuose modeliuose. 

Amžius diagnozės metu neturėjo reikšmingos įtakos OS, o naviko cha-
rakteristikos, ypač N1 stadija, ir T3‒T4 buvo stipriai susijusios su blogesniu 
OS. Remiantis analize, nors rs664589 gali turėti įtakos OS, jos poveikiui 
tikriausiai turėjo kiti veiksniai, pvz., naviko charakteristikos.  

IŠVADOS 
1. Remiantis tyrimais, nustatytas ryšys tarp TLR4 polimorfizmų ir gimdos 

kaklelio vėžio klinikinių patologinių ypatybių bei išgyvenamumo:  
1.1. Rs11536898 A alelis buvo susijęs su didesne vėžio metastazavimo 

rizika.  
1.2. Rs11536898 AA genotipas buvo susijęs su trumpesniu bendruoju 

išgyvenamumu ir laiku be ligos progresavimo, o šio polimorfizmo 
C alelis – su ilgesniu bendruoju išgyvenamumu ir ilgesniu laiku be 
ligos progresavimo.  
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1.3. Rs10759932 CC genotipas turėjo reikšmingos įtakos trumpesniam 
laikui be ligos progresavimo ir bendrajam išgyvenamumui, o šio 
polimorfizmo T alelis buvo susijęs su ilgesniu laiku be ligos 
progresavimo ir bendruoju išgyvenamumu. 

2. Nustatytos įvairios RRP1B, SIPA1 ir SRSF1 polimorfizmų sąsajos su 
gimdos kaklelio vėžio klinikiniais patologiniais požymiais ir 
išgyvenamumo rodikliais: 
2.1. RRP1B rs2838342 A alelis ir rs7276633 T alelis buvo susijęs su 

mažesniu naviko dydžiu. 
2.2. Tiriamosios, neturinčios RRP1B GCTTC haplotipo, turėjo 

reikšmingą sąsają su mažesniu naviko dydžiu ir mažesnę 
metastazavimo bei blogesnio bendrojo išgyvenamumo riziką. 

2.4. SIPA1 rs746429 GA genotipas ir A alelis buvo reikšmingai susiję su 
mažesne blogos naviko diferenciacijos rizika. 

2.5. SRSF1 rs34592492 G alelis buvo susijęs su ilgesniu bendruoju 
išgyvenamumu, o CC genotipas – su trumpesniu bendruoju 
išgyvenamumu. 

3. HOTAIR ir MALAT1 genų polimorfizmai nebuvo reikšmingi gimdos 
kaklelio vėžio fenotipui ir laikui be ligos progresavimo ar bendrajam 
išgyvenamumui. 
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Abstract: Cervical cancer (CC) is often associated with human papillomavirus (HPV). Chronic
inflammation has been described as one of the triggers of cancer. The immune system fights diseases,
including cancer. The genetic polymorphism of pathogen recognition receptors potentially influences
the infectious process, development, and disease progression. Many candidate genes SNPs have
been contradictory demonstrated to be associated with cervical cancer by association studies, GWAS.
TLR4 gene activation can promote antitumor immunity. It can also result in immunosuppression
and tumor growth. Our study aimed to investigate eight selected polymorphisms of the TLR4 gene
(rs10759932, rs1927906, rs11536898, rs11536865, rs10983755, rs4986790, rs4986791, rs11536897) and
to determine the impact of polymorphisms in genotypes and alleles on the pathomorphological
characteristics and progression in a group of 172 cervical cancer subjects with stage I–IV. Genotyping
was performed by RT-PCR assay. We detected that the CA genotype and A allele of rs11536898 were
significantly more frequent in patients with metastases (p = 0.026; p = 0.008). The multivariate logistic
regression analysis confirmed this link to be significant. The effect of rs10759932 and rs11536898
on progression-free survival (PFS) and overall survival (OS) has been identified as important. In
univariate and multivariate Cox analyses, AA genotype of rs11536898 was a negative prognostic
factor for PFS (p = 0.024; p = 0.057, respectively) and OS (p = 0.008; p = 0.042, respectively). Rs11536898
C allele predisposed for longer PFS (univariate and multivariate: p = 0.025; p = 0.048, respectively)
and for better OS (univariate and multivariate: p = 0.010; p = 0.043). The worse prognostic factor of
rs10759932 in a univariate and multivariate Cox analysis for survival was CC genotype: shorter PFS
(p = 0.032) and increased risk of death (p = 0.048; p = 0.015, respectively). The T allele of rs10759932
increased longer PFS (univariate and multivariate: p = 0.048; p = 0.019, respectively) and longer
OS (univariate and multivariate: p = 0.037; p = 0.009, respectively). Our study suggests that SNPs
rs10759932 and rs11536898 may have the potential to be markers contributing to the assessment
of the cervical cancer prognosis. Further studies, preferably with larger groups of different ethnic
backgrounds, are needed to confirm the results of the current study.

Keywords: cervical cancer; TLR4; polymorphisms; genotype; metastases; survival

1. Introduction

In today’s oncology, the genetic features of the host that determine the pathophysiology
of cancer and the course of the disease are intensively studied. The genetic influence on
cancer is multifunctional. The risk of cancer is increased by additional factors that activate
the immune system and cause inflammation. Inflammatory mediators can contribute
to neoplasia by inducing mutations, adaptive responses, resistance to apoptosis, and
environmental changes such as stimulation of angiogenesis [1–3].

Scientific studies suggest that membrane-associated innate Toll-like receptors (TLRs)
as pattern recognition receptors (PRRs) play a main role in activating the immune response
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associated with autoimmune diseases, inflammation, and tumor-associated diseases. The
human TLRs family consists of 10 members (TLR1–TLR10). They are expressed in human
immune cells and many tumors. Each of their expressions elicits a different response. These
are transmembrane proteins that can recognize pathogen-associated molecular patterns
(PAMPs) or host damage-associated molecular patterns (DAMPs) to activate innate and
adaptive immune responses by triggering activation of NF-κB, AP1, CREB, c/EBP, and
IRF transcription factors. TLRs mediate changes in the expression of chemokines and
pro-inflammatory cytokines and activate the response of cytotoxic lymphocytes, thereby
eliminating pathogens and host debris [4–7]. The signaling pathway of TLRs begins in the
cytoplasmic TIR domain, which contains adaptors such as MyD88, TIRAP, and TRIF that
modulate TLR signaling pathways, helping to recognize antigenic molecules (lipopolysac-
charides, nucleic acids). This activates the protein complex, such as NF-kB, IRFs, MAP
kinases, via the MyD88-dependent way on the recruitment of members of the IRAK family,
TRIF-dependent way or MyD88-independent pathway. It regulates the production of cy-
tokines, chemokines, type I interferon, thus eliminating antigens. Negative regulation of the
signal path helps protect the host from inflammatory damage [8–11]. Studies have shown
that TLRs can produce the desired antitumor effects by inducing apoptosis, autophagy, and
necrosis in tumor cells [12–14]. TLR expression correlates with cancer prognosis [15,16].
Activation of TLRs becomes a target for cancer immunotherapy [17–22].

TLR4 gene, which consists of three exons and is localized on chromosome 9q33.1, is
one of the most studied TLRs. Mutations in the TLR4 gene have been shown to induce
resistance of pathogens to lipopolysaccharides in mice [23]. TLR4 mutations are associated
with endotoxin hyporesponsiveness in humans [24]. The TLR4 receptor is likely to be
associated with several diseases because of the range of ligands (both pathogen-related and
endogenous) identified as agonists of TLR4 [25]. TLR4 is linked to a range of diseases with
potential treatments targeting the TLR4 pathway [26–67]. TLR4 activation can not only
cause antitumor immunity but also, conversely, promote immunosuppression and influence
tumor growth [68]. Changes in TLR4 gene expression are involved in carcinogenesis.
Activated TLR4 increases inflammatory cytokines and cell proliferation, migration, invasion,
and survival. Overexpression of TLR4 in malignant cells promotes tumor growth and
metastases [69]. High expression of TLR4 is likely associated with the poor survival
outcome of patients with solid cancers [70]. Cervical cancer, which starts in the cervix, is a
widespread health problem and one of the most common oncological diseases. According
to the World Health Organization, it is the fourth most commonly diagnosed cancer in
women. It also ranks fourth in the world for cancer-related deaths among women. There
were an estimated 604,000 new cases of cervical cancer and 342,000 deaths from the disease
worldwide in 2020. TLR4 promotes HPV-positive cervical tumor growth and facilitates the
formation of a local immunosuppressive microenvironment. These conditions may lead to
CC development [71]. TLR4 expression was reported in accordance with histopathological
grade in human papillomavirus (HPV)-infected cervical cells: the level was higher in
invasive cervical cancers (ICC) than in cervical intraepithelial neoplasia (CIN) and low in
normal cervical tissues. Moreover, higher TLR4 expression in HPV-positive cervical cancer
cell lines SiHa and HeLa, compared with the HPV-negative cell line C33A, was observed,
indicating a role for HPV infection in TLR4 regulation [72]. A link between increased TLR4
expression and the severity of cervical lesions was found and was closely associated with
FIGO stage, lymph node metastases, and tumor size in CC. In the advanced stages of FIGO,
larger tumor sizes, and higher TLR4 expression levels were observed [73]. Various factors
influencing the development of CC have been identified. Cervical tumorigenesis is often
initiated by high-risk HPV [74,75].

Single nucleotide polymorphism (SNP) is likely to affect cancer susceptibility. The
influence of polymorphisms of the TLR4 gene on various cancerous diseases was investi-
gated [76–79]. To comprehensively analyze the impact of germinal polymorphisms on the
course of the disease, the main components influencing the spread of cancer are investigated.
A review of the global literature focused on the influence of TLR4 gene polymorphisms and
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expression on the course of various cancers (tumor proliferation, differentiation, metastases,
prognosis, and patient survival). An association between TLR4 polymorphisms and a risk
of hypersensitivity to HPV16/18 infection in women and increased risk of cervicitis, the
precancerous lesion, has been identified [80–84]. However, there are very few studies on
the impact of TLR4 gene polymorphisms on the pathomorphological features or course of
cervical cancer.

The TLR4 gene was chosen for the analyses as it encodes the protein that interferes with
HPV, leading to dysregulation of the local immune microenvironment and tumorigenesis.
With limited reports on the role of TLR4 polymorphisms in cervical cancer, we performed a
study to investigate eight selected polymorphisms of the TLR4 gene (rs10759932, rs1927906,
rs11536898, rs11536865, rs10983755, rs4986790, rs4986791, rs11536897), whose links to
other cancers from other research have been published. We analyzed the distribution of
polymorphisms in genotypes and alleles in a group of patients with cervical cancer, and we
determined the correlations between SNPs and tumor pathomorphological parameters and
the course of the disease.

2. Materials and Methods
2.1. Study Subjects

The study of interest in cervical cancer was approved by the Kaunas Regional Biomed-
ical Research Ethics Committee (No. BE-2-10 and P1-BE-2-10/2014). One hundred seventy-
two adult patients treated at the Hospital of Lithuanian University of Health Sciences
Kauno Clinics with stage I–IV of cervical cancer, who agreed to participate in the retrospec-
tive study, were enrolled consecutively. Patient exclusion criteria were other malignancies
and incomplete medical documentation. A written informed consent was obtained from all
the participants. Subjects were recruited from October 2014 to August 2020. The follow-up
period was until November 2020. All patients were treated according to standard protocols.
The vast majority underwent chemoradiation therapy (69.2%), while others underwent
surgery followed by radiotherapy or systemic treatment.

2.2. Methods

Clinical data on participants, tumor morphological characteristics, and the course of
the disease were collected from the medical records. The cervical cancer diagnosis was
made by a gynecologist performing a gynecological and radiological examination, and
based on the histopathology of cervical biopsies. All carcinoma cases were staged following
the recommendations of the International Federation of Gynecology and Obstetrics (FIGO).
The tumor grading system was based on architectural and cytologic (nuclear) criteria. The
age at the time of diagnosis, tumor size (T), lymph node involvement (N), the spread of
metastases (M), stage, differentiation degree (G), presence of disease progression, and death
of patients were considered as clinicopathological features in this analysis.

2.3. SNP Selection

Genotype data were identified using online databases—The International HapMap
Project (http://www.HapMap.org, accessed on 1 October 2020) and the 1000 Genomes
Project (http://www.1000genomes.org, accessed on 1 October 2020). The selection criteria
of TLR4 SNPs were as follows: SNPs were detected in other populations, related to the
outcomes of different diseases reported in other studies, SNPs have not been widely
analyzed before among patients with CC, a minor allele frequency (MAF) of SNP was ≥5%
in the European population, and SNPs might be a functional site mapped.

2.4. DNA Extraction and Genotyping

DNA was extracted from leucocytes of peripheral venous blood samples collected in
vacuum tubes with ethylenediaminetetraacetate (EDTA) and stored in a laboratory biobank
at −20 ◦C. DNA genotyping was performed at the Institute of Oncology (Lithuanian
University of Health Sciences). Genomic DNA extraction was performed using a genomic
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DNA purification Kit (Thermo Fisher Scientific Baltics, Vilnius, Lithuania). SNPs in the
TLR4 gene were determined using the TaqMan® probe SNP Genotyping Assay (Thermo
Fisher Scientific, Baltics, Vilnius, Lithuania). Molecular genetic studies were performed
using the real-time polymerase chain reaction (RT-PCR) method. PCR was used to amplify
a particular segment of DNA based on the protocol. The candidate SNPs, location, region,
MAF in the European population, and the primers used for RT-PCR are listed in Table 1.

Table 1. SNPs genomic region, MAF.

SNP Genomic Position in chr9 Region/Location MAF/Highest
Population MAF

rs10983755
G > A 117702392

Promoter, 5′-UTR,
intergenic variant

−2081
0.07/0.31 (A)

rs10759932
T > C 117702866 Promoter, 5′-UTR,

−1607 0.18/0.35 (C)

rs11536865
G > C 117703745

Promoter, 5′-UTR,
regulatory region variant

−729
0.04/0.24 (C)

rs4986790
A > G

Asp299Gly
117713024

Exon, 3′-UTR,
missense variant

896
0.06/0.14 (G)s

rs4986791
C > T

Thr399Ile
117713324

Exon, 3′-UTR,
missense variant

1196
0.04/0.17 (T)

rs11536897
G > A 117717732 3′-UTR

3084 0.04/0.11 (A)

rs1927906
T > C 117717837 3′-UTR

3189 0.21/0.49 (C)

rs11536898
C > A 117717932 3′-UTR

3284 0.13/0.27 (A)

3. Results
3.1. Tumour Characteristics and SNP Frequencies

In our study, 90.1% of the participants were of Lithuanian nationality, while the remain-
ing nationalities were Polish, Estonian, Ukrainian, and German. The majority of patients
were aged ≥50 years old (71.5%) and had the squamous-type histopathology variant of
cervical cancer (92.3%). Other rare histopathology variants, including adenocarcinoma,
adenosquamous cell carcinoma, mucinous adenocarcinoma, accounted for 8.7% of the
subjects. The vast majority of tumors (65.7%) were moderately differentiated (G2). The
most commonly diagnosed stage was stage IIB cancer (32.0%). Slightly less than half of
the subjects (44.8%) had pathological regional lymph nodes. Nine patients had pathologic
paraaortic lymph nodes, which were categorized as stage IIIC2 cancer. Distant metastases
were diagnosed in ten patients. The detailed distribution of clinicopathological features
can be found in the Table 2.

We performed Hardy–Weinberg equilibrium testing for each SNP. Three of the SNPs
did not follow Hardy–Weinberg equilibrium (HWE). In the cases of SNP rs11536865, all
the cases had the GG genotype. For SNP rs10983755, the distribution of genotype was
as follows: GG—92.4%, GA—7.6%, AA—0%. For SNP rs11536897, the distribution of
genotype was as follows: GG—96.0%, AG—4.0%, AA—0%. Others SNPs distribution
of genotypes was as follows: Rs10759932 TT—70.4%, TC—27.3%, CC—4%; rs1927906
TT—77.3%, TC—22.1%, CC—0.6%; rs11536898 CC—75.0%, CA—22.1%, AA—2.9%; Rs4986790
AA—86.0%, AG—13.4%, GG—0.6%; Rs4986791 CC—85.5%, CT—13.9%, TT—0.6%; The
total count and frequencies of TLR4 genotypes and alleles are presented in Table 3.
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Table 2. General clinicopathological characteristics and frequencies of 172 study participants.

Variables Subgroups Frequencies (Count/%)

Age (years)
(mean ± SD: 55.4 ± 13.5)

≥50 123/71.5%
<50 49/28.5%

Histology
Squamous 157/92.3%

Non-squamous 15/8.7%

Tumor size (T)

T1A 1/0.6%
T1B 25/14.6%
T2A 4/2.3%
T2B 80/46.5%
T3A 13/7.6%
T3B 38/22.1%
T3C 4/2.3%
T4A 4/2.3%
T4B 3/1.7%

Pathological regional lymph nodes status
N0 95/55.2%
N1 77/44.8%

Distant metastases
M0 162/94.2%
M1 10/5.8%

Stage

IA 1/0.6%
IB 15/8.7%

IIA 5/2.9%
IIB 12/7.0%

IIIA 9/5.2%
IIIB 12/7.0%

IIIC1 53/31.0%
IIIC2 9/5.2%
IVA 3/1.7%
IVB 10/5.8%

Grade
1 13/7.6%
2 113/65.7%
3 46/26.7%

3.2. Association Analysis

In our study, we analyzed the potential associations between SNPs and tumor clinico-
pathological features. However, no statistically significant correlations between rs10759932,
rs1927906, rs11536865, rs10983755, rs4986790, rs4986791, rs11536897, and tumor size, nodes
status, metastases, tumor cells differentiation, stage were found performing logistic regres-
sion. All the analyzed polymorphisms were not related to the patients’ age at the time of
diagnosis (p > 0.05). Nevertheless, we detected a significant link between SNP rs11536898
and metastases (M). Carrying the A allele statistically significantly increased the chance of
having metastases (OR = 5.068, 95% CI: 1.357–18.918, p = 0.008). This finding was partially
confirmed by the genotype model, as patients with the CA genotype had a 4.735 higher risk
for distal metastases than patients with the CC genotype (95% CI: 1.204–18.626, p = 0.026).
This may be due to the fact that only five patients with the AA genotype were determined
in our study, which may have affected p-value in this comparison. All the results are
presented in Tables 4 and 5. Furthermore, the multivariate logistic regression analysis
confirmed the significant link between rs11536898 and metastases. In the multivariate anal-
ysis (Model No.1), the CA genotype significantly increased the risk to having metastases
(OR = 4.609, 95% CI: 1.166–18.212, p = 0.029), and the A allele increased the risk for metas-
tases (OR = 5.044, 95% CI: 1.346–18.899, p = 0.016) when adjusting for the age group at the
diagnosis. The relationship remains statistically significant when adjusting for the age at
the diagnosis and tumor differentiation (G) (Model No.2): the CA genotype significantly
increased the risk of having metastases (OR = 4.419, 95% CI: 1.111–17.576, p = 0.035). Addi-
tionally, the A allele increased the risk for metastases (OR = 4.884, 95% CI: 1.297–18.392,
p = 0.019). We did not include tumor size and nodules in multivariate models because we
observed complete data separation (Table 6).
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Table 3. The distribution of TLR4 genotypes and alleles.

SNP Genotypes
Frequencies

Alleles
Frequencies

Rs10759932 T > C TT 121 0.704 T 0.841
TC 47 0.273 C 0.159
CC 4 0.023

Rs1927906 T > C TT 133 0.773 T 0.883
TC 38 0.221 C 0.117
CC 1 0.006

Rs11536898 C > A CC 129 0.750 C 0.861
CA 38 0.221 A 0.139
AA 5 0.029

Rs11536865 G > C GG 172 1.000 G 1.000
GC 0 0
CC 0 0

Rs10983755 G > A GG 159 0.924 G 0.962
GA 13 0.076 A 0.038
AA 0 0

Rs4986790 A > G AA 148 0.860 A 0.927
AG 23 0.134 G 0.073
GG 1 0.006

Rs4986791 C > T CC 147 0.854 C 0.924
CT 24 0.140 T 0.076
TT 1 0.006

Rs11536897 G > A GG 165 0.959 G 0.979
GA 7 0.041 A 0.021
AA 0 0

3.3. Survival Analysis

In our study group, disease progression was observed in 30.2% of patients during the
follow-up period. The localization of progression were as follows: local progression was
found in 13.36% of all subjects, positive lymph nodes (N+) were detected in 3.66%, local
progression and positive nodes were found in 4.08%, and in other cases (9.3%), progression
included local progression, positive lymph nodes, and distant metastases. There were 40
instances of death (23.3%) during the follow-up period. In all cases, the cause of death was
cancer progression.

The effect of the SNPs on survival (PFS and OS) was analyzed in the genotype and
allelic models. The PFS ranged from 1 to 201 months (median 13). The OS also went from 1
to 201 months (median 16.5). No significant link between rs1927906, rs11536865, rs10983755,
rs4986790, rs4986791, rs11536897 genotypes or alleles and survival was detected. However,
the effect of two SNPs (rs10759932 and rs11536898) on PFS and OS has been identified as
important. The Kaplan—Meier method showed a link between rs10759932 CC genotype
and OS (p = 0.049 for Log Rank, p = 0.018 for Breslow, and p = 0.028 for Tarone–Ware).
Cox’s regression analysis demonstrated the influence of the CC genotype on shorter PFS
and OS compared to patients with the TT genotype (OR = 2.918, 95% CI: 0.894–9.530, p =
0.049; OR = 3.340, 95% CI: 1.006–11.095, p = 0.048, respectively). Our multivariate Cox’s
regression model included tumor T, N, G, and the age of patients. In the adjusted analysis,
the CC genotype increased the risk of progression by almost four times compared to the
TT genotype (OR = 3.674, 95% CI: 1.115–12.108, p = 0.032) and increased the risk of faster
mortality (OR = 4.608, 95% CI: 1.344–15.801, p = 0.015). The T allele was significant for
PFS (Log Rank p = 0.049, Breslow p = 0.042, Tarone–Ware p = 0.042) and OS (Log Rank
p = 0.031, Breslow p = 0.018, Tarone–Ware p = 0.023) in the allelic model. Carrying the T
allele increased the possibility of longer PFS (OR = 0.331, 95% CI: 0.103–1.067, p = 0.048)
and longer OS (OR = 0.284, 95% CI: 0.087–0.928, p = 0.037). The holders of T allele had an
increased chance of longer PFS (OR = 0.244, 95% CI: 0.075–0.795, p = 0.019) and a decreased
risk of shorter OS (OR = 0.200, 95% CI: 0.059–0.674, p = 0.009) when the adjustment for
tumor T, N, G and the age of patients (Tables 7 and 8).
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Table 4. Univariate logistic regression analysis between SNP’s and tumor characteristics.

Possitive T3–T4 Versus T1–2 Possitive N1
Versus N0

Possitive M1
Versus M0

Possitive G3
Versus G1 + G2

SNP Genotype,
alleles OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Rs10759932 TC vs. TT 1.276 0.639–2.551 0.490 1.272 0.647–2.499 0.486 2.158 0.554–8.413 0.268 1.110 0.520–2.370 0.787
CC vs. TT 1.881 0.256–13.834 0.535 1.327 0.181–9.734 0.781 7.733 0.678–88.176 0.099 2.903 0.392–21.495 0.297

T allele + vs. T - 0.570 0.078–4.150 0.574 0.806 0.111–5.861 0.831 0.170 0.016–1.800 0.097 0.355 0.049–2.596 0.290
C allele + vs. C - 1.317 0.6673–2.577 0.421 1.276 0.662–2.460 0.467 2.522 0.697–9.122 0.147 1.210 0.584–2.504 0.608

Rs1927906 TC vs. TT 1.033 0.489–2.183 0.932 0.668 0.318–1.403 0.567 1.543 0.379–6.278 0.545 1.919 0.887–4.154 0.098
CC vs. TT 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

T allele + vs. T - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.097
C allele + vs. C - 1.107 0.530–2.310 0.787 0.716 0.345–1.484 0.368 1.500 0.369–6.097 0.325 2.056 0.962–4.398 0.060

Rs11536898 CA vs. CC 1.405 0.671–2.944 0.368 1.543 0.746–3.191 0.242 4.735 1.204–18.626 0.026 1.576 0.722–3.439 0.253
AA vs. CC 2.898 0.469–17.989 0.253 2.083 0.337–12.898 0.430 7.812 0.704–86.710 0.094 0.758 0.082–7.030 0.807

C allele + vs. C - 0.374 0.061–2.300 0.271 0.530 0.086–3.258 0.487 0.228 0.023–2.254 0.169 1.475 0.161–13.555 0.730
A allele + vs. A - 1.529 0.757–3.090 0.235 1.597 0.798–3.197 0.184 5.068 1.357–18.918 0.008 1.463 0.689–3.106 0.320

Rs10983755 AG vs. GG 1.088 0.340–3.482 0.887 1.483 0.477–4.613 0.496 1.389 0.162–11.900 0.764 2.550 0.809–8.035 0.110
AA vs. GG * * * * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 1.088 0.340–3.482 0.887 1.483 0.477–4.613 0.494 1.389 0.162–11.900 0.763 2.550 0.809–8.035 0.110

Rs4986790 AG vs. AA 1.152 0.467–2.841 0.758 0.501 0.195–1.289 0.152 1.667 0.331–8.388 0.536 1.600 0.628–4.077 0.325
GG vs. AA 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

A allele + vs. A - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.267
G allele + vs. G - 1.280 0.532–3.082 0.581 0.572 0.231–1.419 0.225 1.591 0.317–7.986 0.570 1.800 0.727–4.455 0.199

Rs4986791 TC vs. CC 1.305 0.542–3.143 0.553 0.581 0.234–1.441 0.241 1.580 0.315–7.929 0.580 1.486 0.588–3.756 0.402
TT vs. CC 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

C allele + vs. C - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.267
T allele + vs. T - 1.435 0.608–3.389 0.408 0.653 0.271–1.573 0.340 1.511 0.302–7.567 0.613 1.672 0.682–4.103 0.258

Rs11536897 AG vs. GG 0.682 0.128–3.623 0.653 0.922 0.200–4.251 0.917 0.000 0.000 1.000 1.100 0.206–5.877 0.911
AA vs. GG * * * * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.682 0.128–3.623 0.651 0.922 0.200–4.251 0.917 0.939 0.904–0.977 0.502 1.100 0.206–5.877 0.911

T3–T4, T1–2—tumor size, N1—pathological regional lymph nodes, N0—no pathological regional lymph nodes, M1—distant metastases, M0—no distant metastases, G1 + G2, G3—tumor
grade. * OR could not be estimated because of zero value within a cell.
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Table 4. Univariate logistic regression analysis between SNP’s and tumor characteristics.

Possitive T3–T4 Versus T1–2 Possitive N1
Versus N0

Possitive M1
Versus M0

Possitive G3
Versus G1 + G2

SNP Genotype,
alleles OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Rs10759932 TC vs. TT 1.276 0.639–2.551 0.490 1.272 0.647–2.499 0.486 2.158 0.554–8.413 0.268 1.110 0.520–2.370 0.787
CC vs. TT 1.881 0.256–13.834 0.535 1.327 0.181–9.734 0.781 7.733 0.678–88.176 0.099 2.903 0.392–21.495 0.297

T allele + vs. T - 0.570 0.078–4.150 0.574 0.806 0.111–5.861 0.831 0.170 0.016–1.800 0.097 0.355 0.049–2.596 0.290
C allele + vs. C - 1.317 0.6673–2.577 0.421 1.276 0.662–2.460 0.467 2.522 0.697–9.122 0.147 1.210 0.584–2.504 0.608

Rs1927906 TC vs. TT 1.033 0.489–2.183 0.932 0.668 0.318–1.403 0.567 1.543 0.379–6.278 0.545 1.919 0.887–4.154 0.098
CC vs. TT 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

T allele + vs. T - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.097
C allele + vs. C - 1.107 0.530–2.310 0.787 0.716 0.345–1.484 0.368 1.500 0.369–6.097 0.325 2.056 0.962–4.398 0.060

Rs11536898 CA vs. CC 1.405 0.671–2.944 0.368 1.543 0.746–3.191 0.242 4.735 1.204–18.626 0.026 1.576 0.722–3.439 0.253
AA vs. CC 2.898 0.469–17.989 0.253 2.083 0.337–12.898 0.430 7.812 0.704–86.710 0.094 0.758 0.082–7.030 0.807

C allele + vs. C - 0.374 0.061–2.300 0.271 0.530 0.086–3.258 0.487 0.228 0.023–2.254 0.169 1.475 0.161–13.555 0.730
A allele + vs. A - 1.529 0.757–3.090 0.235 1.597 0.798–3.197 0.184 5.068 1.357–18.918 0.008 1.463 0.689–3.106 0.320

Rs10983755 AG vs. GG 1.088 0.340–3.482 0.887 1.483 0.477–4.613 0.496 1.389 0.162–11.900 0.764 2.550 0.809–8.035 0.110
AA vs. GG * * * * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 1.088 0.340–3.482 0.887 1.483 0.477–4.613 0.494 1.389 0.162–11.900 0.763 2.550 0.809–8.035 0.110

Rs4986790 AG vs. AA 1.152 0.467–2.841 0.758 0.501 0.195–1.289 0.152 1.667 0.331–8.388 0.536 1.600 0.628–4.077 0.325
GG vs. AA 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

A allele + vs. A - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.267
G allele + vs. G - 1.280 0.532–3.082 0.581 0.572 0.231–1.419 0.225 1.591 0.317–7.986 0.570 1.800 0.727–4.455 0.199

Rs4986791 TC vs. CC 1.305 0.542–3.143 0.553 0.581 0.234–1.441 0.241 1.580 0.315–7.929 0.580 1.486 0.588–3.756 0.402
TT vs. CC 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

C allele + vs. C - 2.758 2.261–3.364 0.187 2.250 1.903–2.660 0.265 1.062 1.023–1.103 0.803 3.800 2.957–4.883 0.267
T allele + vs. T - 1.435 0.608–3.389 0.408 0.653 0.271–1.573 0.340 1.511 0.302–7.567 0.613 1.672 0.682–4.103 0.258

Rs11536897 AG vs. GG 0.682 0.128–3.623 0.653 0.922 0.200–4.251 0.917 0.000 0.000 1.000 1.100 0.206–5.877 0.911
AA vs. GG * * * * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.682 0.128–3.623 0.651 0.922 0.200–4.251 0.917 0.939 0.904–0.977 0.502 1.100 0.206–5.877 0.911

T3–T4, T1–2—tumor size, N1—pathological regional lymph nodes, N0—no pathological regional lymph nodes, M1—distant metastases, M0—no distant metastases, G1 + G2, G3—tumor
grade. * OR could not be estimated because of zero value within a cell.
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Table 5. Univariate logistic regression analysis: the odds ratio for associations between SNPs and the age of patients, stage groups, and expected prognosis of
the disease.

Possitive Stage III–IV Versus Stage I–II Possitive Worse Prognosis: T3–T4 + G3 Versus
T1–T2 + G1–G2 Age (Years): ≤50 vs. >50

SNP Genotype,
Alleles OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Rs10759932 TC vs. TT 1.088 0.551–2.148 0.808 1.143 0.396–3.298 0.805 1.575 0.793–3.134 0.195
CC vs. TT 0.806 0.110–5.911 0.832 4.000 0.237–67.473 0.336 5.854 0.590–58.052 0.131

T allele + vs. T - 1.270 0.175–9.232 0.813 0.259 0.016–4.304 0.346 0.195 0.020–1.915 0.120
C allele + vs. C - 1.062 0.549–2.055 0.857 1.273 0.463–3.500 0.640 1.734 0.891–3.377 0.104

Rs1927906 TC vs. TT 0.655 0.317–1.350 0.251 2.159 0.785–5.940 0.136 0.896 0.393–1.178 0.642
CC vs. TT 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

T allele + vs. T - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 2.672 2.201–3.243 0.378
C allele + vs. C - 0.691 0.338–1.414 0.310 2.429 0.907–6.506 0.078 0.900 0.429–1.891 0.852

Rs11536898 CA vs. CC .1.123 0.541–2.334 0.755 1.725 0.579–5.140 0.328 1.227 0.588–2.563 0.586
AA vs. CC 1.225 0.198–7.582 0.827 2.156 0.184–25.271 0.541 0.422 0.046–3.885 0.446

C allele + vs. C - 0.838 0.136–5.146 0.848 0.524 0.045–6.045 0.604 2.485 0.272–22.734 0.651
A allele + vs. A - 1.135 0.564 2.281 1.776 0.631–4.997 0.277 1.103 0.544–2.240 0.856

Rs10983755 AG vs. GG 1.291 0.405–4.119 0.666 2.430 0.535–11.030 0.250 1.453 0.466–4.528 0.520
AA vs. GG * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 1.291 0.405–4.119 0.666 2.430 0.535–11.030 0.250 1.453 0.366–4.528 0.520

Rs4986790 AG vs. AA 0.570 0.235–1.383 0.214 2.005 0.616–6.533 0.248 0.876 0.349–2.199 0.778
GG vs. AA 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

A allele + vs. A - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 0.000 0.000 1.000
G allele + vs. G - 0.627 0.264–1.492 0.289 2.406 0.781–7.416 0.126 0.986 0.405–2.402 0.975

Rs4986791 TC vs. CC 0.635 0.267–1.510 0.304 2.005 0.616–6.533 0.248 0.812 0.327–2.022 0.655
TT vs. CC 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

C allele + vs. C - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 0.000 0.000 1.000
T allele + vs. T - 0.692 0.296–1.620 0.395 2.406 0.781–7.416 0.126 0.914 0.378–2.208 0.842

Rs11536897 AG vs. GG 0.581 0.126–2.677 0.486 0.000 0.000 1.000 0.000 0.000 1.000
AA vs. GG * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.581 0.126–2.677 0.481 * * * * * *

* OR could not be estimated because of zero value within a cell.
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Table 5. Univariate logistic regression analysis: the odds ratio for associations between SNPs and the age of patients, stage groups, and expected prognosis of
the disease.

Possitive Stage III–IV Versus Stage I–II Possitive Worse Prognosis: T3–T4 + G3 Versus
T1–T2 + G1–G2 Age (Years): ≤50 vs. >50

SNP Genotype,
Alleles OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Rs10759932 TC vs. TT 1.088 0.551–2.148 0.808 1.143 0.396–3.298 0.805 1.575 0.793–3.134 0.195
CC vs. TT 0.806 0.110–5.911 0.832 4.000 0.237–67.473 0.336 5.854 0.590–58.052 0.131

T allele + vs. T - 1.270 0.175–9.232 0.813 0.259 0.016–4.304 0.346 0.195 0.020–1.915 0.120
C allele + vs. C - 1.062 0.549–2.055 0.857 1.273 0.463–3.500 0.640 1.734 0.891–3.377 0.104

Rs1927906 TC vs. TT 0.655 0.317–1.350 0.251 2.159 0.785–5.940 0.136 0.896 0.393–1.178 0.642
CC vs. TT 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

T allele + vs. T - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 2.672 2.201–3.243 0.378
C allele + vs. C - 0.691 0.338–1.414 0.310 2.429 0.907–6.506 0.078 0.900 0.429–1.891 0.852

Rs11536898 CA vs. CC .1.123 0.541–2.334 0.755 1.725 0.579–5.140 0.328 1.227 0.588–2.563 0.586
AA vs. CC 1.225 0.198–7.582 0.827 2.156 0.184–25.271 0.541 0.422 0.046–3.885 0.446

C allele + vs. C - 0.838 0.136–5.146 0.848 0.524 0.045–6.045 0.604 2.485 0.272–22.734 0.651
A allele + vs. A - 1.135 0.564 2.281 1.776 0.631–4.997 0.277 1.103 0.544–2.240 0.856

Rs10983755 AG vs. GG 1.291 0.405–4.119 0.666 2.430 0.535–11.030 0.250 1.453 0.466–4.528 0.520
AA vs. GG * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 1.291 0.405–4.119 0.666 2.430 0.535–11.030 0.250 1.453 0.366–4.528 0.520

Rs4986790 AG vs. AA 0.570 0.235–1.383 0.214 2.005 0.616–6.533 0.248 0.876 0.349–2.199 0.778
GG vs. AA 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

A allele + vs. A - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 0.000 0.000 1.000
G allele + vs. G - 0.627 0.264–1.492 0.289 2.406 0.781–7.416 0.126 0.986 0.405–2.402 0.975

Rs4986791 TC vs. CC 0.635 0.267–1.510 0.304 2.005 0.616–6.533 0.248 0.812 0.327–2.022 0.655
TT vs. CC 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000

C allele + vs. C - 1.800 1.574–2.058 0.372 0.000 0.000 1.000 0.000 0.000 1.000
T allele + vs. T - 0.692 0.296–1.620 0.395 2.406 0.781–7.416 0.126 0.914 0.378–2.208 0.842

Rs11536897 AG vs. GG 0.581 0.126–2.677 0.486 0.000 0.000 1.000 0.000 0.000 1.000
AA vs. GG * * * * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.581 0.126–2.677 0.481 * * * * * *

* OR could not be estimated because of zero value within a cell.
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Table 6. Multivariate logistic regression analyses for metastases adjusted for Rs11536898 genotype,
age at the diagnosis and tumor differentiation (G).

Model No.1 Model No.2

Dependent SNP Covariates Odds 95%CI p Odds 95%CI p

Positive M Rs11536898 CA vs. CC 4.609 1.166–18.212 0.029 4.419 1.111–17.576 0.035
AA vs. CC 9.452 0.803–111.217 0.074 9.871 0.827–117.76 0.070
Age group 0.977 0.928–1.028 0.370 0.977 0.928–1.029 0.376

Possitive G3 vs. G1+G2 1.729 0.445–6.716 0.429

Model No.1 Model No.2

Dependent SNP Covariates Odds 95%CI p Odds 95%CI p

Positive M Rs11536898 A allele + vs. A - 5.044 1.346–18.899 0.016 4.884 1.297–18.392 0.019
Age group 0.979 0.931–1.030 0.415 0.980 0.932–1.030 0.426

Possitive G3 vs. G1+G2 1.670 0.433–6.439 0.456

Table 7. Cox’s univariate model for PFS and OS.

Progression-Free
Survivol

Overall
Survival

SNP Genotype/Allele HR 95% CI p-Value HR 95% CI p-Value

Rs10759932 TC vs. TT 0.884 0.472–1.653 0.699 0.818 0.382–1.752 0.606
CC vs. TT 2.918 0.894–9.530 0.049 3.340 1.006–11.095 0.048

T allele + vs. T - 0.331 0.103–1.067 0.048 0.284 0.087–0.928 0.037
C allele + vs. C - 1.012 0.564–1.816 0.967 1.012 0.509–2.010 0.973

Rs1927906 TC vs. TT 0.975 0.498–1.910 0.975 0.695 0.306–1.576 0.383
CC vs. TT 2.584 0.352–18.949 0.350 3.081 0.417–22.761 0.383

T allele + vs. T - 0.385 0.053–2.807 0.346 0.301 0.041–2.216 0.239
C allele + vs. C - 1.028 0.537–1.971 0.933 0.770 0.354–1.673 0.509

Rs11536898 CA vs. CC 1.103 0.586–2.073 0.762 1.294 0.636–2.633 0.476
AA vs. CC 3.926 1.201–12.837 0.024 5.057 1.522–16.802 0.008

C allele + vs. C - 0.261 0.081–0.844 0.025 0.212 0.065–0.691 0.010
A allele + vs. A - 1.274 0.707–2.295 0.420 1.545 0.803–2.971 0.193

Rs10983755 AG vs. GG 0.508 0.123–2.097 0.349 0.341 0.043–2.290 0.253
AA vs. GG * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.508 0.123–2.097 0.349 0.341 0.043–2.290 0.253

Rs4986790 AG vs. AA 1.482 0.716–3.069 0.290 1.062 0.444–2.542 0.892
GG vs. AA 2.767 0.378–20.275 0.316 3.346 0.453–24.696 0.236

A allele + vs. A - 0.385 0.053–2.807 0.346 0.301 0.041–2.216 0.239
G allele + vs. G - 1.554 0.774–3.123 0.215 1.178 0.520–2.669 0.695

Rs4986791 TC vs. CC 1.426 0.689–2.952 0.339 1.029 0.430–2.461 0.950
TT vs. CC 2.752 0.376–20.165 0.319 3.331 0.451–24.582 0.238

C allele + vs. C - 1.499 0.746–3.010 0.256 0.301 0.041–2.216 0.239
T allele + vs. T - 0.385 0.053–2.807 0.346 1.142 0.504–2.587 0.750

Rs11536897 AG vs. GG 0.425 0.058–3.084 0.397 1.314 0.316–5.454 0.707
AA vs. GG * * * * * *

G allele + vs. G - 0.000 0.000 1.000 0.000 0.000 1.000
A allele + vs. A - 0.425 0.058–3.084 0.397 1.314 0.316–5.454 0.707

* OR could not be estimated because of zero value within a cell.

The rs11536898 AA genotype subgroup, compared to the CC genotype, was also signif-
icantly associated with PFS (Log Rank, p = 0.014, Breslow p = 0.001, Tarone–Ware p = 0.003)
and OS (Log Rank, p = 0.003, Breslow p < 0.001, Tarone–Ware p < 0.001). The rs11536898
AA genotype compared to patients with the CC genotype decreased the likelihood for
longer PFS (OR = 3.926, 95% CI: 1.201–12.837, p = 0.024) and shortened OS (OR = 5.057,
95% CI: 1.522–16.802, p = 0.008). In the multivariate Cox’s regression analysis, the AA
genotype remained a factor that shortened OS (OR = 3.735, 95% CI: 1.051–13.278, p = 0.042)
and showed a borderline effect on PFS (OR = 3.306, 95% CI: 0.967–11.299, p = 0.057), when
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the adjustment for tumor T, N, G and the age of patients. The rs11536898 C allele was
significantly associated with PFS (Log Rank, p = 0.015, Breslow p = 0.003, Tarone–Ware
p = 0.005) and OS (Log Rank, p = 0.004, Breslow p < 0.001, Tarone–Ware p = 0.001). No
significant effect of the CA genotype on PFS was determined. This is in line with the
allelic model, which demonstrated that the carriers of the C allele were less likely to have
shorter PFS compared to non-carriers. The rs11536898 C allele predisposed to longer PFS
(OR = 0.261, 95% CI: 0.081–0.844, p = 0.025) and longer OS (OR = 0.212, 95% CI: 0.065–0.691,
p = 0.010). When adjusting for tumor T, N, G, and age of patients, the tendency remains
statistically significant for PFS (OR = 0.291, 95% CI: 0.086–0.987, p = 0.048) and for OS
(OR = 0.274, 95% CI: 0.078–0.959, p = 0.043) (Tables 7 and 8).

Table 8. Cox’s multivariate model for PFS and OS. The adjusted ratio for associations between SNPs
rs10759932 and rs11536898 and age at the time of diagnosis, tumor characteristics.

Variables Progression-Free Survivol Overall Survival

HR 95% CI p-Value HR 95% CI p-Value

Rs10759932 TC vs. TT 0.658 0.338–1.280 0.217 0.747 0.351–1.590 0.449
CC vs. TT 3.674 1.115–12.108 0.032 4.608 1.344–15.801 0.015

Age at diagnosis 0.993 0.971–1.016 0.566 1.017 0.991–1.043 0.199
T3-T4 vs. T1-T2 5.540 2.870–10.694 <0.001 8.178 3.489–19.167 <0.001

N1 vs. N0 1.340 0.709–2.534 0.368 1.775 0.854–3.689 0.124
G3 vs. G1-2 0.913 0.490–1.704 0.776 0.773 0.384–1.556 0.471

Rs10759932 T allele + vs. T - 0.244 0.075–0.795 0.019 0.200 0.059–0.674 0.009
Age at diagnosis 0.996 0.973–1.018 0.697 1.018 0.993–1.044 0.163
T3-T4 vs. T1-T2 5.298 2.750–10.206 <0.001 8.045 3.430–18.871 <0.001

N1 vs. N0 1.291 0.684–2.439 0.431 1.735 0.835–3.604 0.140
G3 vs. G1-2 0.962 0.520–1.779 0.902 0.797 0.399–1.593 0.521

Rs11536898 CA vs. CC 0.858 0.440–1.675 0.654 1.090 0.522–2.277 0.819
AA vs. CC 3.306 0.967–11.299 0.057 3.735 1.051–13.278 0.042

Age at diagnosis 0.993 0.971–1.017 0.578 1.018 0.992–1.045 0.171
T3-T4 vs. T1-T2 5.158 2.675–9.947 <0.001 7.658 3.280–17.876 <0.001

N1 vs. N0 1.241 0.653–2.360 0.510 1.686 0.805–3.530 0.166
G3 vs. G1-2 1.009 0.538–1.894 0.977 0.819 0.405–1.654 0.577

Rs11536898 C allele + vs. C - 0.291 0.086–0.987 0.048 0.274 0.078–0.959 0.043
Age at diagnosis 0.994 0.971–1.017 0.612 1.018 0.992–1.044 0.176
T3-T4 vs. T1-T2 5.077 2.645–9.747 0.000 7.694 3.298–17.951 0.000

N1 vs. N0 1.232 0.648–2.342 0.525 1.694 0.810–3.540 0.161
G3 vs. G1-2 1.018 0.543–1.907 0.955 0.817 0.405–1.651 0.574

Kaplan—Meier analysis was performed to generate survival curves for genotypes and
alleles for both PFS and OS (Figure 1).

Figure 1. Cont.
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Figure 1. Kaplan—Meier survival curves for PFS and OS in patients with cervical cancer according
rs10759932 and rs11536898 polymorphisms (n = 172). Kaplan—Meier survival curves for rs10759932
and rs11536898 polymorphisms in the genotype and allelic models demonstrating PFS and OS dif-
ferences. The X-axis displays the number of months from cervical cancer, confirming the event
date (PFS or OS), and the Y-axis indicates the survival probability. (a,b) Rs10759932 CC genotype
increased the risk for shorter PFS and OS compared to patients with the TT genotype (95% CI:
0.894–9.530, p = 0.049; 95% CI: 1.006–11.095, p = 0.048, respectively); (c,d) Carrying the T allele
increased the possibility of longer PFS (95% CI: 0.103–1.067, p = 0.048) and longer OS (95% CI:
0.087–0.928, p = 0.037); (e,f) Rs11536898 AA genotype compared to patients with the CC geno-
type shortened PFS (95% CI: 1.201–12.837, p = 0.024) and OS (95% CI: 1.522–16.802, p = 0.008);
(g,h) Rs11536898 C allele predisposed to longer PFS (95% CI: 0.081–0.844, p = 0.025) and to longer OS
(95% CI: 0.065–0.691, p = 0.010).
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4. Discussion

The active investigation of the correlation between TLR4 SNPs and CC is intriguing.
The current study is the first to investigate analyzed SNPs in assessing the clinicopatho-
logical features as well as the course of CC. It establishes the relationship between SNPs
in TLR4 and CC, suggesting their potential as biomarkers that could be used for prog-
nosticating the development of the disease. In the future, SNP detection in TLR4 may be
used to stratify patients, predict clinical manifestations of CC, assess risks of progression
or relapse, and evaluate treatment efficacy. The study has many advantages: the dataset
contains genetic data, tumor phenotype data, and survival information. However, there are
limitations in our study. We cannot compare our results with others because we did not find
any studies analyzing associations between these polymorphisms and clinicopathological
characteristics of CC. In addition, our results may have been affected by the limited sample
size. We hope to expand the study group in the future. Another weakness of this study is
the lack of a control group to assess CC risk. Genotyping errors are expected to be minor.
Thus, the resulting biases will likely to be small.

Two of the SNPs (rs10759932 and rs11536898) were significant in our analysis. Rs10759932
is located in the promoter region of the TLR4 gene and may regulate the TLR4 expression
level by influencing the binding affinity of transcription factors [85]. We found that the rare
homozygous rs10759932 CC genotype causes shorter PFS and OS. The allelic model did not
contradict the survival results. The T allele showed the link to better survival, although the
effect of the C allele on worse survival prognosis was not statistically significant. However,
previously published studies provide contradictory data for rs10759932 correlation with
cancers. Some researchers’ findings could contribute to our study’s results, indicating that
the CC genotype is an indicator of a worse outcome. T. Tongtawee et al. investigated
400 patients with gastric lesions, including chronic gastritis, gastric atrophy, internal meta-
plasia, and gastric cancer. They found that the rs10759932 CC homozygous genotype signif-
icantly increased the risk of premalignant and malignant gastric lesion development [86].
The Cleveland case-control study in Caucasians and African Americans supported the in-
fluence of rs10759932 on prostate cancer risk. Men carrying the CC genotype for rs10759932
had a statistically significant increased risk of prostate cancer (p = 0.006) compared to
men carrying the TT genotype [87]. On the other hand, other research provides opposite
results. The study conducted in the Shandong Province of Northern China demonstrates
that the rs10759932 polymorphism was associated with susceptibility to gastric cancer (GC)
in both genotype and allelic frequency. However, genotype CC was the protective factor
for GC. They believe that the genetic variant of TLR4 rs10759932 might play an essential
protective role in the development of GC [88]. Huang et al. found that the rs10759932
TC heterozygote and combined genotypes TC/CC were associated with a significantly
reduced risk of gastric cancer in the high-risk population [85]. Similar results were obtained
from a Japanese study where the rs10759932 TC/CC genotypes decreased the risk of gastric
cancer. However, this did not reach statistical significance (p = 0.059) [89]. Several studies
have not shown any correlations between rs10759932 polymorphisms and cancer. These
include studies on breast cancer in the Saudi population [90], the risk of noncardia gastric
cancer in Goyang [91], and the risk of colorectal cancer in Brazil [92]. A large nested
case-control study of prostate cancer in the Physicians’ Health Study (1982–2004), including
1267 controls and 1286 random prostate cancer cases, showed that genetic variation across
this polymorphism is not strongly associated with prostate cancer risk or mortality [93].
The dissociation of research results possibly be due to sample size limitations, different
ethnic groups, and the multicausal backgrounds promoting cancer development, including
genetic factors, race, environment, and lifestyle.

In our study, rs11536898 was also associated with CC clinical outcomes. The rare
AA genotype causes shorter PFS and OS compared to the CC genotype. The C allele
was inversely associated with shorter PFS and OS. In addition, the AC genotype and A
allele were associated with an increased risk of metastases. On the contrary, a significant
association was revealed with the risk of prostate cancer. The Health Professionals Follow-
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up Study (HPFS) found that men under the age of age 65 carrying two copies of the
minor alleles of rs11536898 had a statistically significantly lower risk of prostate cancer
compared to noncarriers (CC and CA versus AA: OR 0.59; 95% CI 0.41–0.86) [94]. However,
many of the SNPs in this study were in high linkage disequilibrium with one another.
The Physicians‘ Health Study found no statistically significant association between this
SNP and the overall prevalence of prostate cancer. In addition, there were no significant
associations between the SNP and cases of advanced/fatal or severe cancer, and there
was also no evidence of associations between TLR4 SNPs and prostate cancer-specific
mortality or bone metastases [93]. Observational results from another population-based
case-control study showed that rs11536898 was associated with colon cancer, where the
AA vs. CA/CC genotype decreased colon cancer risk (OR 0.50, 95% CI 0.29, 0.87) [95].
However, other studies (the Washington County Cancer Registry, the Maryland Cancer
Registry, Sweden, the Physicians’ Health Study) found no significant interfaces between
rs11536898 and cancer [93,96,97]. Although the data are unclear, we believe that the A allele
may be associated with a worse prognosis.

Unfortunately, in our study, we did not find statistically significant associations
with pathomorphological features or outcomes of cervical cancer for SNPs rs4986790 and
rs4986791, which have been widely studied worldwide and are potentially associated with
other cancers, influencing the risk or prognosis. Rs4986790 is a common polymorphism
that causes an amino acid exchange (aspartate to glycine). In a study involving 122 Tunisian
women with cervical cancer compared with 260 healthy control, the TLR4 polymorphism
Asp299Gly (rs4986790) was found to be associated with a higher risk of cervical cancer. The
common homozygote Asp/Asp genotype and the Asp allele were associated with a higher
risk of developing cervical cancer (OR 4.95, CI: 1.97–13.22) and (OR 5.17, CI: 2.11–13.50),
respectively [98]. Another Tunisian case-control study with 130 cervical cancer patients
and 260 controls showed that the rs4986790 dominant genotype Asp/Asp was significantly
more frequent among cervical cancer cases with early stage (I + II) and advanced stage
(III + IV) than controls. The major allele Asp was a risk factor for the I + II stage tumors [99].
Opposite results were reported in an Indian cervical cancer study involving 110 untreated
cervical cancer patients and 141 healthy controls, where the minor allele G of rs4986790
was associated with an increased risk of cervical cancer, although a genotypic association
was not found [83]. Pandey et al., in a study of North Indian women, did not observe an
association between rs4986790 and rs4986791 with cervical cancer risk at the genotype,
allele, and haplotype level. However, this study with 150 cervical cancer patients and
150 healthy female controls provided data showing that the Thr399Ile (rs4986791) poly-
morphism Thr/Ile genotype was significantly associated (p = 0.044) with Stage II cervical
cancer and conferred a 2.51 fold risk of developing cervical cancer at an early stage [100].
A Chinese Han population study with 1262 participants, including 420 cervical cancer
patients and 842 controls, did not find any significant association of rs4986791 with cervical
cancer risk [101]. In the evaluation of other female-related cancers, the allele and genotype
frequencies for the polymorphism rs4986790 were compared between 191 endometrial
cancer cases and 291 controls in a study at the Hunter Centre, Australia, but no associations
were observed for endometrial cancer risk [102]. The TLR4 Asp299Gly and Thr399Ile alleles
were not detected in the 105 ovarian cancer patients in a study conducted in northern China.
These results indicate that the TLR4 299Gly and 399Ile alleles were exhibited at a lower
frequency in northern Chinese ovarian cancer patients compared to other studies [103].
Among the 70 women with ovarian cancer enrolled in the Poland study, the heterozygous
variant and the recessive G allele of rs4986790 were more frequently found than in the
130 healthy individuals, indicating an increased risk of OC for its carriers. No difference
in the distribution of rs4986791 between the cases and controls was observed [104]. A
study conducted at the “Hippocratic” General Hospital of Athens, Greece, which included
261 breast cancer patients and 480 healthy individuals, showed that Gly carriers of rs4986790
(Asp/Gly & Gly/Gly genotype) and the Gly allele were more common among the breast
cancer cases (p = 0.0031 and p = 0.0061, respectively) [105]. It was found to have a significant
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association with breast cancer malignancy in the ER-patient groups for the rs4986790 in
the Saudi Arabian population. In the ER-group, the AA genotype presented a significantly
higher frequency in the patients compared to the controls. Similarly, the genotype AG was
considerably less frequent in the cases compared to the controls [90].

TLR4 polymorphisms rs4986790 and rs4986791 may be associated with a significantly
increased gastric cancer risk. Two publications by Juliana Garcia de Oliveira mention the
significant influence of these SNPs on gastric cancer in the Brazilian population [106,107].
However, a study by Garza-Gonzalez et al. reported no correlation between TLR4 polymor-
phisms and gastric cancer in the Mexican population [108]. A study by Trejo-de la et al. in
a Mexican population found that the D299G (rs4986790) polymorphism was significantly
associated with duodenal ulcer and showed a trend for association with gastric cancer [109].
In an Italian population case-control study by Santini et al. the Thr399Ile polymorphism
was linked to increased susceptibility to gastric cancer [110]. Caucasian population-based
case-control study data suggest that the TLR4 + 896A > G polymorphism is a risk factor
for non-cardia gastric carcinoma and its precursors [111]. The frequency of risk alleles
of rs4986790 and rs4986791 in a nested case-control gastric cancer study in the European
Prospective Study Cancer Group was low, and they could only estimate the association
in the codominant model, which did not show significance [112]. In an Ethnic Kashmiri
Population, no significance was observed in the appearance of gastric cancer, but odds Ratio
analysis showed that carriers of the Asp299Gly G allele were significantly associated with
the tumors in the distal part of the stomach. In contrast, carriers of the Thr399Ile T allele
were associated with well-differentiated gastric adenocarcinoma [113]. The overall results
from a meta-analysis of gastric cancer risk suggest that TLR4 polymorphisms (+896A/G
and +1196C/T) may be associated with a significantly increased risk of gastric cancer in
Caucasians [114]. However, no SNPs were found at the sites Asp299Gly and Thr399Ile to
be associated with susceptibility to GC in the Shangdong Province of Northern China [88].

Several studies have analyzed the association of rs4986790 and rs4986791 with col-
orectal cancer (CRC). However, studies conducted in Brazilian, Irish, Danish, and Iranian
populations did not find a significant effect on CRC risk [92,115–117]. A meta-analysis
supported the association of TLR4 genetic polymorphisms with an increased risk of CRC
among Asians but not among Caucasians and Africans stratified by ethnic group [118]. An
Egyptian study revealed that rs4986790 G allele carriers were more frequent in the CRC
group compared to controls, and the T allele of rs4986791 was associated with an increased
risk for CRC. Additionally, the rs4986791 CT/TT genotype was observed to be significantly
linked to CRC. The G allele of rs4986790 predisposed to CRC progression, including high
cancer stage IV, high grade III, positive lymph nodes (N2), and metastases [119]. The study
conducted on Russian individuals with various solid tumors suggested that the A/G geno-
type for the rs4986790 SNP correlated with an 80% increased colorectal cancer. Rs4986790
polymorphisms were more evident in patients with rectal cancer separately [120].

Large case-control studies, meta-analysis have shown no significant association
between rs4986790, rs4986791, and prostate cancer risk or clinical features [92,97,121,122].

Only a few studies have analyzed the associations of these SNPs with other cancers. A
Turkish case-control study on lung cancer (NSCLC, SCLC) indicated that rs4986790 was not
associated with lung cancer. However, the 3.857-fold risk was evaluated for the rs4986791
CT genotype compared to CC in lung cancer (p = 0.041) [123]. A study on patients with head
and neck squamous cell carcinomas from Germany reported the results of the investigated
SNPs rs4986790 and rs4986791. The Asp299Gly genotype, compared to Asp299Asp, was
associated with poorer DFS (p = 0.04) and worse OS (p = 0.04). Patients with the rs4986790
wild-type genotype (TLR4 Asp299Asp vs. TLR4 Asp299Gly) had significantly longer
DFS with adjuvant systemic treatment (p = 0.004). For another SNP rs4986791, a similar
pattern was observed in DFS [124]. In a case-control study from the Indian population,
rs4986791 was associated with a significantly elevated risk of gallbladder cancer [125].
Between melanoma cases and controls in Germany, patients carrying the minor allele for
the rs4986790 polymorphism were associated with prolonged overall survival (p = 0.01)
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and survival following metastases (p = 0.02) [126]. SNPs rs4986790 and rs1927906 were
genotyped in a study of Saudi Arabian patients with acute lymphoblastic leukemia (ALL)
and healthy controls. Only the AG showed a significant association with a protective effect
against ALL (p = 0.002) [127].

Several meta-analyses have attempted to generalize these data. In a meta-analysis
by Zhu L et al. based on 34 publications, TLR4 rs4986790 and rs4986791 were found to
increase overall cancer risk. The effect of rs4986790 on cancer risk was more evident in
female-specific cancers and digestive cancers, especially for gastric cancer. The risks effect
of rs4986791 was also prominent in gastric cancer. However, no significant association was
observed between rs4986790 and prostate cancer risk. The association between rs4986791
and cancer risk was significant in both South Asians and East Asians, but not in Cau-
casians [128]. Ding et al. represented the results of a meta-analysis based on 55 publications.
They found that Rs4986790 was not strongly associated with cancer risk. Meanwhile,
the rs4986791 polymorphism has always been associated with reduced cancer risk in the
general population. Moreover, they found that Caucasian female-specific cancers were
significantly associated with rs4986790 polymorphisms in subgroup analysis by cancer
type and race, while Asian digestive cancers were significantly influenced by the rs4986791
polymorphism [77].

Accumulated evidence has implicated TLR4 polymorphism in modulating the risk
and development of various types of cancers. However, we still need to replicate those
findings. In our study, the results of these SNPs did not serve as indicators of possible
disease progression biomarker.

We found no association of rs10983755, rs11536897, rs11536865, rs1927906 SNPs with
clinical features and outcomes of CC. The rs10983755 polymorphism affects the risk of
gastric carcinogenesis and can provide some protection against H. pylori infection [91,129].
However, the results showed no significant association with H. pylori infection, and there
was no significant association of any examined genotype with the overall survival of GC
in another Chinese population study. Patients with lymph node metastases undergoing
postoperative chemotherapy and carrying the rs10983755 AA genotype had an HR of
0.328, compared to those carrying the GG + AG genotype [130]. The TLR4 rs11536897
(−3084), rs1927906 (3189), and rs11536865 (−729G/C) polymorphisms are rare SNPs, and
their functions remain unclear. In our study, all cases of rs11536865 had GG genotypes.
There is a suggestion of an interaction between polymorphisms within TLR4 and the
HCV status [131]. The −729GC polymorphism was associated with an increased risk of
bladder cancer. Moreover, the −729GC genotype significantly affected lower TLR4 mRNA
and protein levels, suggesting that the polymorphism may lead to dysregulation of TLR4
expression, interfering with TLR4 promoter activity [132]. In a Korean men‘s case-control
prostate cancer study, all 300 cases revealed the GG genotype at rs11536897 [133]. No link
between SNPs rs11536897, rs1927906, and prostate cancer was found in the pooled Sweden
case-control study and meta-analysis by Weng et al. [97,121].

The rs1927906 heterozygous CT was associated with a decreased cancer risk in Saudi
Arabian patients with an ALL [127].

5. Conclusions

Our study suggests that SNPs rs10759932 and Rs11536898 may have the potential to
be markers contributing to the assessment of cervical cancer survival prognosis. The SNP
rs11536898 prompts us to consider its impact on cancer metastases and further research in
this area. However, due to the limited sample size, a larger group of patients with cervical
cancer is required to confirm the obtained results. Our results provide insight for future
studies on cervical cancer and other infection-related cancer types, which can evaluate these
polymorphisms to determine their functionality. Although evidence is accumulating for the
importance of genetic variation in the etiology and development of cervical cancer, research
investigating the role of immune-related gene variants in cervical cancer is still in its early
stages. Further studies, preferably with larger groups of individuals from different ethnic
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backgrounds, are needed to confirm the results of the current study. Therefore, identifying
the variants responsible for maintaining the tumor immune response may provide more
specific targets to combat cervical cancer development and disease progression. In the
future, SNP detection in TLR4 may be used to predict the clinical manifestations, risk, and
prognosis of CC.
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Simple Summary: Metastasis, a critical aspect of oncologic diseases, is intricately governed by 
genetic factors. This article delves into the role of the ribosomal RNA processing 1 homolog B 
(RRP1B) gene in metastasis regulation, investigating its implications in human cervical cancer. We 
analyzed five RRP1B polymorphisms in 172 cervical cancer patients to understand their 
associations with disease characteristics and survival. Certain variations were linked to decreased 
tumor size, reduced metastasis risk, and improved overall survival, suggesting their potential as 
markers for predicting prognosis in cervical cancer. 

Abstract: Metastasis is a key determinant of cancer progression, influenced significantly by genetic 
mechanisms. RRP1B, primarily a nucleolar protein, emerges as a suppressor of metastasis, forming 
alliances with various cellular components and modulating gene expression. This study 
investigates the involvement of the ribosomal RNA processing 1 homolog B (RRP1B) gene in 
metastasis regulation in cervical cancer. Through a comprehensive analysis of 172 cervical cancer 
patients, we evaluated five RRP1B single nucleotide polymorphisms (SNPs) (rs2838342, rs7276633, 
rs2051407, rs9306160, and rs762400) for their associations with clinicopathological features and 
survival outcomes. Significant associations were observed between specific genetic variants and 
clinicopathological parameters. Notably, the A allele of rs2838342 was associated with reduced 
odds of advanced tumor size, worse prognosis, and, preliminarily, distant metastasis, while the T 
allele of rs7276633 correlated with a decreased risk of higher tumor size and worse prognosis. 
Additionally, the C allele of rs2051407 demonstrated protective effects against larger tumors, me-
tastasis, and adverse prognosis. The rs9306160 C allele exhibited a protective effect against metas-
tasis. The rs762400 G allele was significant for reduced tumor size and metastasis risk. Further-
more, the rs2838342 A allele, rs7276633 T allele, rs2051407 C allele, and rs762400 G allele were 
associated with improved overall survival, demonstrating their potential significance in predicting 
prognoses in cervical cancer. Linkage disequilibrium and haplotypes analysis enabled us to eval-
uate the collective effect of the analyzed SNPs, which was in line with the results of allelic models. 
Our findings underscore the clinical relevance of RRP1B SNPs as prognostic markers in cervical 
cancer, shedding light on the intricate interplay between genetic factors and disease-progression 
dynamics. This research provides critical insights for future investigations and underscores the 
importance of incorporating RRP1B SNP detection into prognostic-assessment tools for accurate 
prediction of disease outcomes in cervical cancer. 
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Simple Summary: Metastasis, a critical aspect of oncologic diseases, is intricately governed by 
genetic factors. This article delves into the role of the ribosomal RNA processing 1 homolog B 
(RRP1B) gene in metastasis regulation, investigating its implications in human cervical cancer. We 
analyzed five RRP1B polymorphisms in 172 cervical cancer patients to understand their 
associations with disease characteristics and survival. Certain variations were linked to decreased 
tumor size, reduced metastasis risk, and improved overall survival, suggesting their potential as 
markers for predicting prognosis in cervical cancer. 

Abstract: Metastasis is a key determinant of cancer progression, influenced significantly by genetic 
mechanisms. RRP1B, primarily a nucleolar protein, emerges as a suppressor of metastasis, forming 
alliances with various cellular components and modulating gene expression. This study 
investigates the involvement of the ribosomal RNA processing 1 homolog B (RRP1B) gene in 
metastasis regulation in cervical cancer. Through a comprehensive analysis of 172 cervical cancer 
patients, we evaluated five RRP1B single nucleotide polymorphisms (SNPs) (rs2838342, rs7276633, 
rs2051407, rs9306160, and rs762400) for their associations with clinicopathological features and 
survival outcomes. Significant associations were observed between specific genetic variants and 
clinicopathological parameters. Notably, the A allele of rs2838342 was associated with reduced 
odds of advanced tumor size, worse prognosis, and, preliminarily, distant metastasis, while the T 
allele of rs7276633 correlated with a decreased risk of higher tumor size and worse prognosis. 
Additionally, the C allele of rs2051407 demonstrated protective effects against larger tumors, me-
tastasis, and adverse prognosis. The rs9306160 C allele exhibited a protective effect against metas-
tasis. The rs762400 G allele was significant for reduced tumor size and metastasis risk. Further-
more, the rs2838342 A allele, rs7276633 T allele, rs2051407 C allele, and rs762400 G allele were 
associated with improved overall survival, demonstrating their potential significance in predicting 
prognoses in cervical cancer. Linkage disequilibrium and haplotypes analysis enabled us to eval-
uate the collective effect of the analyzed SNPs, which was in line with the results of allelic models. 
Our findings underscore the clinical relevance of RRP1B SNPs as prognostic markers in cervical 
cancer, shedding light on the intricate interplay between genetic factors and disease-progression 
dynamics. This research provides critical insights for future investigations and underscores the 
importance of incorporating RRP1B SNP detection into prognostic-assessment tools for accurate 
prediction of disease outcomes in cervical cancer. 
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1. Introduction 
Metastasis stands as a paramount and intricate phenomenon in the domain of 

oncologic diseases. Earlier investigations have ascertained the noteworthy impact of the 
genetic context in which tumors originate on their proclivity for metastasis. Predictive 
human gene-expression profiles associated with metastasis exhibit their presence not 
solely in mouse tumors featuring varying metastatic capacities, but they also display a 
discernible correlation with the inherent genetic backdrop. It is suggested that the genesis 
of human metastasis-predictive gene expression signatures may be markedly propelled 
by the genetic background, eclipsing the influence of acquired somatic mutations [1–6]. 
The capacity to discern individuals at an elevated risk of disseminated disease precisely 
during the clinical manifestation of primary cancer holds the potential for a substantial 
paradigm shift in cancer management. 

Employing a meticulously characterized transgenic model of mouse mammary 
tumorigenesis, the ribosomal RNA-processing 1 homolog B (RRP1B/KIAA0179) gene has 
been pinpointed as a potential modifier QTL gene impacting metastasis efficiency [7–9]. 
RRP1B is primarily identified as a nucleolar protein and is also a nuclear 
membrane-associated protein, although it has been reported in multiple cellular 
locations. The RRP1B gene is located on Chromosome 21q22.3, and the protein contains 
758 amino acids. Previous investigations have revealed that RRP1B forms a binding 
alliance with the metastasis-modulating factor GTPase activator SIPA1 [10,11]. 
Simultaneously, in vitro, using mouse and human metastasis gene-expression data, 
RRP1B expression was found to be associated with extracellular matrix gene (ECM) 
expression and to be a germline regulator of ECM genes, which are recognized as 
metastasis-predictive components with different regulation in metastasis-prone tumors. 
The ectopic expression of RRP1B inhibited tumor growth and metastasis in the highly 
metastatic mouse mammary tumor cell line. The significance of RRP1B was underscored 
by the discovery that germline polymorphisms (SNPs) within the human RRP1B 
consistently correlate with clinical breast cancer outcomes and survival [8,12]. 

RRP1B upregulation is associated with metastasis suppression. RRP1B physically 
interacts with many nucleosome-binding factors. The primary outcome of transcriptional 
repression is RRP1B binding to chromatin, and it occupies loci with decreased gene 
expression. RRP1B orchestrates the regulation of metastasis-associated gene expression 
through its interaction with the transcriptional corepressors tripartite motif-containing 
protein 28 (TRIM28) and heterochromatin protein 1-α (HP1α) by recruiting 
chromatin-modifying enzymes. RRP1B influences histone methylation changes [12,13]. 
RRP1B suppresses metastatic progression while also modulating the expression of 
alternative mRNA isoforms through interactions with the splicing regulator and 
oncoprotein SRSF1 [14]. Further experimentation demonstrated that RRP1B interacts 
with protein phosphatase 1 (PP1), whose functions are implicated in tumorigenesis, the 
tumor microenvironment, and the metastatic cascade, and it regulates nucleolar 
phosphorylation signaling [15–17]. RRP1B enhances DNA damage-induced apoptosis by 
functioning as a transcriptional coactivator for proapoptotic target genes under the 
regulation of the transcriptional activator E2F1 [18]. 

RRP1B associates with the nucleolar phosphoprotein NPM1, participating in cellular 
proliferation, growth-suppression pathways, and the apoptotic response to oncogenic 
stimuli such as DNA damage and hypoxia. NPM1 is implicated in tumorigenesis 
[12,19,20]. Furthermore, RRP1B interacts with the protein BRD4, a transcriptional and 
epigenetic regulator that holds a pivotal role in cancer development [21–23]. RRP1B can 
upregulate the expression of claudin-1 by depleting DOCK1 and increase cell viability 
and motility of claudin-low breast cancer cells [24]. It is proposed that RRP1B is targeted 
by miR-320a and contributes to cancer survival [25]. 

Various studies underscore the multifaceted nature of how RRP1B governs both 
transcription and metastasis. The dysregulation of RRP1B exerts a net effect on multiple 



287

Cancers 2024, 16, 1250 3 of 29 
 

 

pathways and biological processes, underscoring the complexity of its influence on 
metastasis and prognostic gene expression. 

While the molecular understanding of RRP1B as a potential modifier of metastasis is 
present, there is a scarcity of reports concerning the impact of host genetic factors on 
various cancer progressions and metastases. 

Cervical cancer (CC) ranks among the most frequently diagnosed cancers and 
stands as the foremost cause of cancer-related mortality in women on a global scale. As 
reported by the World Health Organization (WHO), it holds the position as the 
fourth-most prevalent cancer affecting women worldwide. In 2020, the World Health 
Organization reported an estimated 604,000 new cases and 342,000 deaths worldwide 
[26]. While cervical cancer remains a leading cause of cancer-related mortality among 
women in sub-Saharan Africa, with incidence rates as high as 40 per 100,000 women [27], 
the burden of the disease in Europe is notable for its variance between countries. The 
Human papillomavirus (HPV) infection is the primary risk factor for cervical cancer, 
with certain high-risk HPV types, notably HPV 16 and 18, being responsible for the ma-
jority of cases [28,29]. Advances in screening methods, such as HPV testing and Pap 
smears, have significantly improved early detection and prevention efforts, leading to a 
decrease in cervical cancer incidence and mortality rates in many countries [30]. Vac-
cination against HPV has emerged as a powerful strategy for cervical cancer prevention, 
with vaccines targeting the most oncogenic HPV types, demonstrating high efficacy in 
preventing HPV infection and subsequent cervical lesions [31]. While many countries in 
Western Europe have implemented organized screening initiatives and achieved 
substantial reductions in cervical cancer burden, disparities persist in Eastern and 
Southern Europe, where access to screening services may be limited and screening 
uptake rates remain suboptimal. Recent data from the European Centre for Disease 
Prevention and Control (ECDC) indicate that although cervical cancer incidence rates 
have been declining in most European countries, mortality rates remain a concern, 
particularly in regions with lower screening coverage and vaccination rates [32]. Despite 
these challenges, recent advancements in molecular biology and genetics offer promising 
avenues for improving cervical cancer prevention and treatment. Understanding the 
genetic determinants of cervical cancer susceptibility, progression, and treatment re-
sponse is crucial for developing targeted interventions and personalized treatment 
strategies. Emerging research is focused on further understanding the molecular mecha-
nisms underlying cervical cancer development and progression, as well as identifying 
novel biomarkers and therapeutic targets to improve patient outcomes. 

Previous studies have indicated that inherited polymorphisms are associated with 
specific tumor characteristics and subsequent outcomes in human cancer. Recognizing 
the potential impact of germline polymorphisms on disease pathomorphological features 
and disease progression, we examined five single nucleotide polymorphisms (SNPs) 
(rs2838342, rs7276633, rs2051407, rs9306160, and rs762400) within the RRP1B gene among 
cervical cancer patients. Our investigation aimed to elucidate their effect on the clinical 
manifestations and outcomes of the disease. 

2. Materials and Methods 
2.1. Study Subjects 

The retrospective cohort study of adult patients with cervical cancer was approved 
by the Kaunas Regional Biomedical Research Ethics Committee (No. BE-2-10 and 
P1-BE-2-10/2014). All the patients were investigated at the Hospital of Lithuanian 
University of Health Sciences Kaunas Clinics in Kaunas, Lithuania from October 2014 to 
August 2020. A total of 172 patients with Stages I–IV cervical cancer were consecutively 
enrolled, with their diagnoses confirmed through clinical (gynecological and radiological 
examinations) and histological (cervical biopsies) assessments. Inclusion criteria were the 
availability of complete data on clinicopathological characteristics and the patient’s 
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written consent to participate. Exclusion criteria encompassed the presence of other 
malignancies, significant comorbidities, and incomplete medical records, which were 
used to extract clinical and pathological features, as well as details about the disease 
course. The blood samples were collected from peripheral veins for further genetic 
testing. Cancer treatment was administered following institutional guidelines and in 
accordance with international standards. The follow-up period was extended until 
November 2020. 

2.2. SNP Selection 
Genotype information was derived from established online repositories, including 

The International HapMap Project (http://www.HapMap.org, accessed on 1 September 
2023) and the 1000 Genomes Project (http://www.1000genomes.org, accessed on 1 Sep-
tember 2023). The criteria employed for the selection of RRP1B Single Nucleotide Poly-
morphisms (SNPs) were comprehensive. These criteria involved the prerequisite that 
these SNPs had been previously identified in diverse populations, showcasing associa-
tions with the outcomes of various diseases as reported in scientific literature. Moreover, 
our analysis specifically targeted SNPs that had not been extensively investigated within 
the context of cervical cancer patients, thereby exploring new avenues of genetic inquiry. 
Additionally, SNPs under consideration were required to exhibit a minor allele fre-
quency (MAF) equal to or greater than 5% within the European population. This criterion 
was pivotal in ensuring that the selected SNPs had a sufficiently substantial presence to 
be statistically significant. Finally, we also considered the potential functional relevance 
of these SNPs, exploring whether they might be involved in regulating key biological 
processes. As a point of reference, Table 1 provides a comprehensive listing of the can-
didate SNPs (rs2838342, rs7276633, rs2051407, rs9306160, and rs762400), their locations, 
and MAF within the European population data from the 1000 Genomes Project Phase 3 
database. 

Table 1. SNP genomic region, minor allele frequency (MAF). 

Chromosome/
Gene 

SNP 
Genomic Position in 

Chromosome 
Region/Location 

Minor Allele 
Frequency 

(MAF) (1000 
Genomes) 

Highest 
Population MAF 

Chr21/ 
RRP1B 

Alias symbols: 
KIAA0179,  

Nnp1 
RRP1 

PPP1R136 

rs2838342 
43657984 (GRCh38) 
45077865 (GRCh37) 

Upstream transcript 
variant, intron variant 

0.42/(G) 0.50 

rs7276633 
43658919 (GRCh38) 
45078800 (GRCh37) 

Upstream variant 0.42/(C) 0.49 

rs2051407 
43659364 (GRCh38) 
45079245 (GRCh37) 

Upstream variant 0.37/(T) 0.42 

rs9306160 
43687681 (GRCh38) 
45107562 (GRCh37) 

Missense variant 0.38/(T) 0.44 

rs762400 
43693748 (GRCh38) 
45113629 (GRCh37) 

3′-UTR variant 0.37/(C) 0.50 

GRCh37 and GRCh38 are human genome assembly versions by the Genome Reference 
Consortium. 

2.3. Methods 
All carcinoma cases were staged according to the guidelines set forth by the 

International Federation of Gynecology and Obstetrics (FIGO). Tumor grading was 
determined based on architectural and cytologic (nuclear) criteria. This analysis 
incorporated clinicopathological features, including age at the time of diagnosis, tumor 
size (T), lymph node involvement (N), metastasis spread (M), stage, degree of 
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differentiation (G), response to treatment, presence of disease progression, and patient 
mortality. 

The DNA-extraction process involved the isolation of genetic material from leuko-
cytes in peripheral venous blood samples, which were initially collected in ethylenedia-
minetetraacetate (EDTA) vacuum tubes and subsequently stored in a laboratory biobank 
at −20 °C. Genomic DNA extraction was conducted utilizing a genomic DNA purification 
kit provided by Thermo Fisher Scientific Baltics, based in Vilnius, Lithuania. Genotyping 
of five selected SNPs within the RRP1B gene was conducted at the Institute of Oncology, 
Lithuanian University of Health Sciences. This was achieved using TaqMan® probe SNP 
genotyping assays, also sourced from Thermo Fisher Scientific in Lithuania. Molecular 
genetic analyses were performed employing the real-time polymerase chain reaction 
(RT-PCR) method, which is designed to amplify specific DNA segments as per the es-
tablished protocol. 

In our comprehensive investigation, we delved into the potential interconnections 
between SNPs in the genotype and allelic models, and the intricate landscape of tumor 
clinicopathological features. These attributes encompass the patient’s age (categorized 
into age ≤50 and age >50), the tumor’s size (distinguished as T1–T2 and T3–T4), the status 
of pathological regional lymph nodes (delineated as N0 and N1), the presence of distant 
metastasis (defined by M0 or M1), the tumor’s grade (G1 + G2 or G3), the disease stage 
(categorized as Stages I–II and Stages III–IV), and the overall disease prognosis 
(specifically, the worse prognosis: T3–T4 + G3 versus T1–T2 + G1–G2). Furthermore, the 
study extended its scrutiny to encompass clinical outcomes, specifically progression-free 
survival (PFS) and overall survival (OS). Within the patient cohort, PFS was computed 
commencing from the date of diagnosis until the point of local disease spread or the oc-
currence of distant metastasis/metastasis spread. In parallel, OS was calculated from the 
date of diagnosis to the date of the patient’s demise. Haploview v4.1 software was 
utilized to assess linkage disequilibrium (LD) among SNPs and generate LD plots 
(available at http://www.broad.mit.edu/mpg/haploview/, accessed on 5 January 2024). 
Haplotypes were inferred from the analyzed SNPs using Bayesian methods through the 
phase software v2.1 (Department of Statistics, University of Washington, Seattle, WA, 
USA). Finally, we analyzed the associations of haplotypes with clinical manifestations of 
the disease and survival outcomes. These findings are instrumental in our quest to 
elucidate the potential genetic factors that may exert influence over these pivotal facets of 
the disease’s clinical intricacies. 

2.4. Statistical Analysis 
The identified SNPs were subsequently integrated into a comprehensive statistical 

analysis, encompassing both genotype and allelic models. The statistical evaluation was 
conducted using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). To investigate the as-
sociations between genotypes, alleles, and tumor characteristics, statistical tests, includ-
ing Pearson’s Chi-square and Fisher’s Exact tests, were employed. In order to present a 
robust analysis, both univariate and multivariate models were adopted, with adjust-
ments for age at the time of diagnosis and various cancer clinicopathological features. 
These models enabled the calculation of odds ratios along with their corresponding 95% 
confidence intervals (CIs) and p-values, using logistic regression. The analysis of differ-
ences in PFS and OS involved the performing of hazard ratios (HRs) derived from uni-
variate and multivariate Cox proportional-hazard models. The survival curves were 
constructed and assessed employing the log-rank test, and the Kaplan–Meier method 
was used for generating these curves. Throughout the entirety of the analysis, a p-value 
less than 0.05 was deemed statistically significant. 
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3. Results 
3.1. Clinical Characteristics 

In the course of our investigation, the study cohort primarily comprised Lithuanian 
nationals, constituting 90.1% of the participants, with the remaining individuals 
originating from other European countries. The demographic profile of the subjects 
exhibited a broad spectrum of ages, spanning a considerable range from 22 to 83 years. 
When the participants were diagnosed, their mean age stood at 55.4 years, with a stand-
ard deviation of 13.5 years, indicating the spectrum of ages represented in this study. An 
in-depth analysis of the tumor size dimensions unveiled a noteworthy predominance of 
the T2 category, constituting 48.8% of the cases. Lymph node involvement was 
documented in 44.8% of the patient cohort. Furthermore, the study uncovered that me-
tastasis to paraaortic lymph nodes was documented in 5.2% of the cases. Distant 
metastasis was detected in 10 cases, constituting 5.8% of the total. Cancer staging 
indicated that IIB and IIIC1 were the prevailing stages, representing 32% and 31% of the 
cases, respectively. This stratification also revealed that lower stages (I–II) accounted for 
44.2% of the participants, while the more advanced stages (III–IV) encompassed 55.8% of 
the study population. Further scrutiny unveiled a distribution of tumor differentiation, 
with 7.6% classified as well-differentiated (G1), 65.7% as intermediate (G2), and 26.7% as 
poorly differentiated, thereby illustrating the heterogeneity of tumor grades within the 
study cohort. Regarding treatment, a significant majority of patients, amounting to 
69.2%, underwent standard chemoradiation therapy. The remaining participants 
underwent surgery followed by radiotherapy or systemic treatment. Importantly, a sub-
stantial 70.3% of the patients exhibited a complete response to treatment, while 21.5% 
showed a partial response. A smaller segment, comprising 8.2%, exhibited either stable 
disease or progressive disease. Within the context of progression, the median 
progression-free survival (PFS) was calculated at 13 months, exhibiting a range spanning 
from a minimum of 1 month to a maximum of 201 months. Over the course of the 
follow-up period, disease progression was confirmed in 52 cases, impacting 30.2% of the 
cohort. A substantial majority of those experiencing progression exhibited localized 
advancement and metastasis in regional lymph nodes, affecting 51 patients, while an 
additional 18 cases demonstrated progression in paraaortic lymph nodes. The disease 
also metastasized in 16 patients. Regrettably, 40 events of death occurred during the fol-
low-up period, accounting for 23.3% of the cohort. The median overall survival (OS) 
spanned from 1 to 201 months, with the midpoint recorded at 16.5 months. Notably, 
45.9% of the patients had concurrent chronic diseases, yet the underlying cause of death 
in all cases was the relentless progression of cancer. Chart 1 offers a comprehensive 
breakdown of clinicopathological features. 
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Chart 1. Patient and tumor data from 172 study participants (variables/subgroups/frequencies 
(%)). T1+T2—smaller tumor size; T3+T4—larger tumor size; N0—no regional lymph node metas-
tasis; N1—positive regional lymph node metastasis; M0—no distant metastasis; M1—positive dis-
tant metastasis; G1-G2—well and moderately differentiated tumor; G3—poorly differentiated tu-
mor, Stages I–II—lower stages; Stages III–IV—advanced stages. 

3.2. SNP Frequencies 
In our study, a total of 172 patients underwent genotyping for a set of five RRP1 

SNPs: rs2838342, rs7276633, rs2051407, rs9306160, and rs762400. Among these, rs9306160 
was identified in 169 cases, with three cases excluded due to non-amplification. It is 
noteworthy that all of the SNPs examined were found to be in accordance with the 
Hardy–Weinberg equilibrium, as indicated by p-values exceeding 0.05. Upon comparing 
the allele frequencies determined within our cohort to those of the European population 
data from the 1000 Genomes project, we detected slight yet statistically significant dis-
parities in the minor allele frequencies (MAF) for all of the SNPs, with p-values > 0.05. 
Comprehensive details regarding genotype and allele frequencies can be found in Table 
2. 

Table 2. The distribution of RRP1B genotypes and alleles. 

SNP 

Sample 
Size N 
(Study 
Cohort) 

Genotypes Genotypes Frequencies Alleles 

Alleles 
Frequencies 

(Study 
Cohort) 

Sample Size 
N (1000 

Genomes) 

Alleles 
Frequencies 

(1000 
Genomes) 

MAF 
p Value a 

rs2838342 
A>G 172 

AA 
AG 
GG 

58/33.7% 
85/49.4% 
29/16.9% 

0.337 
0.494 
0.169 

A 
G 

0.584 
0.416 1006 

0.589 
0.420 0.791 

rs7276633 
T>C 172 

TT 
TC 
CC 

59/34.3% 
84/48.8% 
29/16.9% 

0.343 
0.488 
0.169 

T 
C 

0.587 
0.413 1006 

0.581 
0.420 0.676 

rs2051407 
C>T 

172 
CC 
CT 
TT 

63/36.6% 
84/48.8% 
25/14.5% 

0.366 
0.489 
0.145 

C 
T 

0.610 
0.390 

1006 0.634 
0.366 

0.282 

No/76.7%

No/70.3%

G1 - G2/73.3%

I - II/44.2%

M0/94.2%

No/94.8%

N0/55.2%

T1 – T2/63.4%

Squamous/92.3%

≥50 years/71.5%

Yes/23.3%

Yes/30.2%

G3/26.7%

III - IV/55.8%

M1/ 
5.8%

Yes/ 
5.2%

N1/44.8%

T3 – T4/36.6%

Non-
squamos/

8.7%

<50 years/28.5%

Death

Disease progression

Grade

Stage

Distant metastasis

Paraaortic lymph node metastasis present

Pathological regional lymph nodes status

Tumor size

Histology

Age groups (years)
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rs9306160 * 
C>T 

169 
CC 
CT 
TT 

55/32.5% 
92/54.4% 
22/13.0% 

0.325 
0.545 
0.130 

C 
T 

0.598 
0.402 

1006 0.617 
0.383 

0.450 

rs762400 
G>C 172 

GG 
GC 
CC 

63/26.6% 
88/51.2% 
21/12.2% 

0.366 
0.512 
0.122 

G 
C 

0.622 
0.378 1006 

0.626 
0.374 0.804 

* Genotypes were determined among 169 patients due to non-amplification in three cases. a A 
chi-squared test for independence analysis for the number of each minor allele in cases and 
controls. 

3.3. Linkage Disequilibrium and Haplotypes Distribution 
In our analysis of linkage disequilibrium (LD) among the SNPs in the RRP1B gene, 

we calculated two commonly used measures: D’ and r2 (Figure 1). For D’, the mean value 
was approximately 0.949 ± 0.037, indicating a relatively strong LD on average. The range 
of D’ values varied from a minimum of 0.907 to a maximum of 0.987. Similarly, for r2, the 
mean value was approximately 0.802 ± 0.065, suggesting a moderate-to-high degree of 
LD on average. The range of r2 values spanned from a minimum of 0.761 to a maximum 
of 0.953. These findings provide insights into the patterns of LD within the RRP1B gene, 
highlighting regions of potential genetic linkage and association. Based on the calculated 
mean values and the range of D’ and r2 values, it appears that there is a significant level of 
linkage disequilibrium (LD) among the SNPs in the RRP1B gene. The mean values for 
both D’ and linkage disequilibrium r2 indicate a relatively strong LD on average, and the 
range of values suggests consistency in LD across the analyzed SNPs. Therefore, it would 
be reasonable to conclude that LD between these SNPs in the RRP1B gene is indeed 
strong. Due to the observed strong linkage disequilibrium (LD) among the SNPs within 
the RRP1B gene, it was decided to include all five SNPs in haplotype analysis. This 
decision was based on the premise that SNPs in strong LD tend to be inherited together 
as haplotype blocks, allowing for a more comprehensive understanding of the genetic 
variations within this genomic region. By analyzing haplotypes constructed from these 
SNPs, we aimed to capture the collective influence of genetic variations on phenotypic 
traits or disease susceptibility, thereby enhancing the depth of our genetic investigation. 

The results revealed a variety of haplotypes present among the tested individuals. 
Thirteen haplotypes were identified (Table 3). Among the identified haplotypes, the most 
prevalent was “ATCCG”, accounting for approximately 55% of the total haplotypes 
observed. Following closely behind, “GCTTC” constituted around 36% of the haplotypes. 
Other haplotypes, such as “ATCTG”, “ATCTC”, “GCCTG”, etc., were observed at lower 
frequencies, each comprising less than 10% of the total haplotypes. The diversity in 
haplotype composition suggests genetic variability within the RRP1B gene region among 
the studied population. Understanding the distribution of these haplotypes can provide 
valuable insights into genetic susceptibility, disease association, and population genetics 
within the context of our research objectives. 

For further analysis of associations, we focused on the two most common 
haplotypes observed in our study, namely “ATCCG” and “GCTTC”. 
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Figure 1. The LD data for RRP1B single-nucleotide polymorphisms include numerical values and 
color coding for both r-squared and D′, providing insights into the linkage disequilibrium. Pairwise 
linkage disequilibrium (LD) pattern for RRP1B polymorphisms in cervical cancer patients. (a) The 
color LD plot indicates the strength of D′, with dark red representing strong LD. (b) The color LD 
plot indicates the strength of r2, with dark grey representing strong LD. 

Table 3. Haplotypes and frequencies. 

Haplotype 
Number 

rs2838342 rs7276633 rs2051407 rs9306160 rs762400 
Haplotypes Chromosomes (Counts) Frequencies (%) 

1 ATCCG 190 55.23 
2 ATCTG 5 1.45 
3 ATCTC 2 0.58 
4 ATTCG 1 0.29 
5 ACCCG 2 0.58 
6 GTCCG 1 0.29 
7 GTTTC 1 0.29 
8 GCCCG 4 1.16 
9 GCCTG 5 1.45 

10 GCCTC 1 0.29 
11 GCTCG 6 1.74 
12 GCTCC 2 0.58 
13 GCTTC 124 36.05 

Thirteen haplotypes were generated from the analyzed SNPs through the Phase software v2.1. 

3.4. Association Analysis 
All the examined polymorphisms exhibited statistically significant associations with 

the clinical manifestations of cervical cancer. However, we did not find any statistically 
significant associations between SNPs and nodal involvement or tumor differentiation. 
On the other hand, all the polymorphisms were linked to tumor size or metastasis. 
Furthermore, some of them appeared to influence cancer stage and prognosis. The 
tabulated results furnish us with a trove of statistical insights. This meticulous analysis 
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Thirteen haplotypes were generated from the analyzed SNPs through the Phase software v2.1. 

3.4. Association Analysis 
All the examined polymorphisms exhibited statistically significant associations with 

the clinical manifestations of cervical cancer. However, we did not find any statistically 
significant associations between SNPs and nodal involvement or tumor differentiation. 
On the other hand, all the polymorphisms were linked to tumor size or metastasis. 
Furthermore, some of them appeared to influence cancer stage and prognosis. The 
tabulated results furnish us with a trove of statistical insights. This meticulous analysis 
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unveils the intriguing associations between specific SNPs and an array of vital tumor 
characteristics, offering a multifaceted perspective on the clinical attributes of cervical. 

3.4.1. Rs2838342 
The analysis of SNP rs2838342 yielded noteworthy results. According to the 

univariate logistic regression analysis, individuals with the presence of the A allele (A 
allele +) exhibited a significantly lower odds ratio (OR) of 0.281 (95% CI: 0.122–0.643, p = 
0.002) for advanced tumor size (T3–T4) when compared to those with its absence (A −), 
indicating a significantly reduced likelihood of advanced tumor size (T3–T4). In the 
multivariate logistic regression analyses across four models, the A allele was consistently 
associated with significantly lower odds of larger tumor size, with an OR of 0.280 (95% 
CI: 0.122–0.643, p = 0.003) in the presence of patient age at diagnosis (Model No. 1). Model 
No. 2 introduced additional covariates (age at diagnosis and tumor differentiation grade) 
and continued to demonstrate a consistent association between rs2838342 and the tumor 
size (OR = 0.299, 95% CI: 0.129–0.692, p = 0.005). However, a possible trend emerged 
where G3 was associated with higher odds of larger tumor size (OR = 1.991, 95% CI: 
0.978–4.051, p = 0.058). Model No. 3 expanded the analysis to include the presence of 
regional lymph node involvement (N1 versus N0). In this model, rs2838342 remained 
associated with tumor size (OR = 0.244, 95% CI: 0.096–0.619, p = 0.003), but the addition of 
N1 as a covariate substantially increased the odds of larger tumor size (OR = 7.367, 95% 
CI: 3.347–16.217, p < 0.001). Model No.4 further extended the analysis to consider the 
presence of distant metastasis (M1 versus M0), further supporting a significant 
relationship (OR = 0.266, 95% CI: 0.102–0.691, p = 0.007). Throughout all these models, the 
association between rs2838342 and tumor size persisted. In summary, these multivariate 
logistic regression analyses, while adjusting for covariates, reveal a robust and consistent 
association between the presence of at least one A allele and a lower risk of larger tumor 
size. In genotypic models, the GG genotype showed an increased odds ratio of 2.160 (95% 
CI: 0.867–5.380). Nevertheless, this difference did not reach statistical significance (p = 
0.098). 

The univariate logistic regression analysis revealed that the A allele significantly 
reduced the odds of having distant metastasis (OR = 0.274, 95% CI: 0.072–1.040, p = 0.044). 
Conversely, when comparing the presence of at least one G allele to having none (G allele 
+ vs. G −), the OR was 1.199, indicating slightly higher odds of having distant metastasis. 
However, this association was not statistically significant (p = 0.798). Across all 
multivariate models for the A allele + versus A − comparison, when adjusting for age, G, 
N, and tumor size, the OR suggests a potential protective effect of the A allele in reducing 
the risk of distant metastasis. Unfortunately, statistical significance was limited (all cases 
p-value > 0.05). These results provide preliminary evidence that the A allele of rs2838342 
might play a protective role against the development of distant metastasis. 

In the analysis, focused on a worse prognosis group, characterized by T3–T4 tumor 
stages and the G3 tumor grade, the A allele of rs2838342 significantly reduces the 
likelihood of a worse prognosis (T3–T4 + G3) compared to those with its absence (A −), 
with an OR of 0.182. The 95% CI spans from 0.061 to 0.538, and the p-value is a strikingly 
low 0.002. The GG genotype of rs2838342 presents a notably high OR (3.000) for a worse 
prognosis (T3–T4 + G3) when compared to the AA genotype. Although the p-value 
(0.071) suggests a potential association, it did not reach conventional significance levels. 
Similarly, the G allele of rs2838342 does not significantly impact the likelihood of a worse 
prognosis, as reflected in the wide 95% CI from 0.274 to 1.847 and a p-value of 0.485. 

While the genotypes did not show a significant association in the comparison of 
positive Stages III–IV versus Stages I–II, allelic comparisons provided additional insights. 
The A allele demonstrated a substantially lower odds ratio (OR = 0.341, 95% CI = 
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0.137–0.849, p-value = 0.017), suggesting a potential protective effect in the context of 
advanced cancer stages. Conversely, the G allele did not exhibit a statistically significant 
association (p-value = 0.239). 

When considering age as a dichotomous variable (≤50 vs. >50 years), those carrying 
the AG genotype had a reduced risk of developing cervical cancer before the age of 50 
(OR = 0.471, 95% CI: 0.226–0.983, p = 0.045). 

These findings underscore the potential relevance of the rs2838342 SNP in 
influencing the progression and severity of cervical cancer, particularly in the transition 
from early to advanced stages. The protective effect associated with specific genotypes 
and alleles implies a potential role for rs2838342 as a prognostic marker in cervical cancer 
patients. All the results are presented in Tables 4 and 5. 

Table 4. Univariate and multivariate logistic regression analyses were conducted for rs2838342, 
adjusting for alleles, and clinicopathological characteristics, with a focus on tumor size and 
metastasis. 

   Univariate Multivariate 

SN
P 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s    Model No. 1 Model No. 2 Model No. 3 Model No. 4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
28

38
34

2 

Po
si

tiv
e 

T3
-T

4 

A allele + 
vs. A - 

0.281 0.122–0.643 0.002 0.280 0.122–0.643 0.003 0.299 0.129–0.692 0.005 0.244 0.096–0.619 0.003 0.266 0.102–0.691 0.007 

Age (years)    1.001 0.978–1.025 0.909 1.002 0.979–1.027 0.842 1.028 1.000–1.057 0.054 1.027 0.999–1.056 0.059 
Positive G3 
vs. G1 + G2 

      1.991 0.978–4.051 0.058 1.798 0.826–3.914 0.140 1.687 0.762–3.732 0.197 

Positive N1 
vs. N0 

         7.367 
3.347–16.21

7 
<0.001 6.161 2.756–13.771 <0.001 

Positive 
M1 vs. M0 

            5.977 0.690–51.748 0.105 

rs
28

38
34

2 

Po
si

tiv
e 

M
 

A allele + 
vs. A - 

0.274 0.072–1.040 0.044 0.272 0.071–1.140 0.057 0.291 0.075–1.127 0.074 0.267 0.063–1.136 0.074 0.521 0.124–2.190 0.374 

Age (years)    0.979 0.932–1.028 0.395 0.980 0.933–1.029 0.417 1.009 0.960–1.061 0.714 0.978 0.927–1.031 0.401 
Positive G3 
vs. G1 + G2 

      1.603 0.416–6.170 0.493 1.293 0.315–5.308 0.721 1.130 0.276–4.633 0.865 

Positive N1 
vs. N0 

         0.000 0.000 0.996 0.000 0.000 0.996 

Positive 
T3–T4 

            
15.62

3 
1.853–131.722 0.012 

Table 5. Univariate logistic regression analysis: assessing odds ratios for the relationships between 
SNPs and patients’ age, cancer stage groups, and disease prognosis. 

  Age (Groups): ≤50 vs. >50 Positive Stage III–IV vs. Stage I–II Positive Worse Prognosis: 
T3–T4+G3 vs. T1–T2+G1–G2 

SNP Genotype, 
Alleles OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value 

rs2838342 AG vs. AA 0.471 0.226–0.983 0.045       
 GG vs. AA          
 A allele + vs. A −    0.341 0.137–0.849 0.017 0.182 0.061–0.538 0.002 
 G allele + vs. G −          

rs7276633 TC vs. TT          
 CC vs. TT          
 T allele + vs. T −    0.341 0.137–0.849 0.021 0.182 0.061–0.538 0.002 
 C allele + vs. C − 2.138 1.080–4.230 0.029       

rs2051407 CT vs. CC          
 TT vs. CC          
 C allele + vs. C −       0.267 0.087–0.823 0.021 
 T allele + vs. T −          
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3.4.2. Rs7276633 
The carriers of the T allele in rs7276633 were significantly associated with a 

decreased risk of falling into the higher tumor size category (T3–T4), with an odds ratio 
(OR) of 0.281 (95% CI = 0.122–0.643, p = 0.003). Moving on to the multivariate logistic 
regression analysis, the findings remain consistent across all four models. In multivariate 
Model No.1, the presence of the T allele (+) is significantly associated with a reduced risk 
of having a higher tumor size compared to the absence of the T allele (−). This association 
is statistically significant with an odds ratio (OR) of 0.280 and a 95% confidence interval 
(CI) of 0.122–0.643 (p = 0.003). This association persists in Model No.2, demonstrating a 
significant reduction in the odds of higher tumor size (OR = 0.299, 95% CI: 0.129–0.692, p 
= 0.005). Models Nos.3 and 4 also support this finding, with ORs of 0.277 and 0.264 (95% 
CI: 0.125–0.708, p = 0.003; 95% CI: 0.147–0.893, p = 0.007, respectively). Conversely, the C 
allele of rs7276633 did not exhibit a significant association with tumor size (p = 0.145). 
Otherwise, the trend of the CC genotype compared to the TT genotype showing an 
increased risk of higher tumor size remained consistent across all models, although this 
association was non-significant. 

Patients with the presence of the T allele (+) were significantly associated with a 
reduced risk of higher tumor stage (III–IV) (OR = 0.341, 95% CI: 0.137–0.849, p = 0.021) 
and worse prognosis (T3–T4 + G3) (OR = 0.182, 95% CI: 0.061–0.538, p = 0.002), while the C 
allele did not exhibit significant associations with the parameters studied. In conclusion, 
these findings imply that the T allele of rs7276633 might confer a protective effect against 
advanced tumor size and prognosis. Moreover, carriers of the C allele were at a higher 
risk of developing the disease at an age younger than 50 years (OR = 2.138, 95% CI: 
1.080–4.230, p = 0.029). The results are presented in Tables 5 and 6. 

Table 6. Univariate and multivariate logistic regression analyses were conducted for rs7276633, 
adjusting for alleles and clinicopathological characteristics, with a focus on tumor size. 

   Univariate Multivariate 

SN
P 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s    Model No.1 Model No.2 Model No.3 Model No.4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
72

76
63

3 

Po
si

tiv
e 

T3
–T

4 

T allele + 
vs. T − 

0.281 
0.122–0.6

43 
0.003 0.280 

0.122–0.6
43 

0.003 0.299 
0.129–0.6

92 
0.005 0.277 

0.125–0.7
08 

0.003 0.264 
0.147–0.8

93 
0.007 

Age (years)    1.001 
0.978–1.0

25 
0.909 1.002 

0.979–1.0
27 

0.842 1.028 
1.000–1.0

57 
0.054 1.027 

0.999–1.0
56 

0.059 

Positive G3 
vs. G1 + G2 

      1.991 
0.978–4.0

51 
0.058 1.798 

0.826–3.9
14 

0.140 1.687 
0.762–3.7

32 
0.197 

Positive N1 
vs. N0 

         7.367 
3.347–16.

217 
<0.001 6.161 

2.756–13.
771 

<0.001 

Positive M1 
vs. M0 

            5.977 
0.690–51.

748 
0.105 

3.4.3. Rs2051407 
There were no significant associations between genotypes and 

clinicopathomorphological features. However, the presence of the C allele (+) was 
associated with a decreased risk of having a larger tumor (T3–T4) compared to those 
without the C allele (C −) (OR 0.393, 95% CI of 0.166–0.929, p = 0.033). This association was 
consistent and statistically significant across three multivariate analysis models, when 
the adjustment of age and tumor clinicopthatological features was made (Model No. 1: 
OR 0.392, 95% CI: 0.166–0.928, p = 0.033; Model No.2: OR 0.414, 95% CI: 0.173–0.992, p = 
0.048; Model No. 3: OR 0.354, 95% CI: 0.134–0.930, p = 0.035, respectively). But Model 
No.4 shows that the association did not reach statistical significance (OR 0.409, 95% CI: 
0.149–1.123, p = 0.083). 
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In the univariate logistic regression analysis, investigating the association between 
alleles and metastasis, carrying the C allele significantly decreased the chance of having 
metastasis, with an OR of 0.223 (95% CI: 0.058–0.858) and a p-value of 0.019. These 
findings suggest that the presence of the C allele may serve as a protective factor against 
metastasis. In multivariate analysis, Models Nos. 1, 2, and 3, showed a consistent 
association between the presence of the C allele and a reduced risk of metastasis (p = 
0.030, p = 0.038, p = 0.037, respectively). However, Model No. 4 did not yield significant 
results for this polymorphism, when the adjustment of age, G, N, and T was made. 
Tumor stage (T3–T4) was consistently identified as a significant predictor of metastasis in 
all models. 

The presence of the C allele was associated with a significantly reduced risk of 
transitioning to a worse prognosis disease (T3–T4 + G3), as evidenced by an OR of 0.267 
(95% CI: 0.087–0.823, p = 0.021), suggesting that it may serve as a protective factor. These 
findings highlight the potential influence of this SNP on the expected prognosis of the 
disease. The results are presented in Tables 5 and 7. 

Table 7. Univariate and multivariate logistic regression analyses were conducted for rs2051407, 
adjusting for alleles and clinicopathological characteristics, with a focus on tumor size and 
metastasis. 

   Univariate Multivariate 

SN
P 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s 

   Model No. 1 Model No. 2 Model No. 3 Model No. 4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
20

51
40

7 

Po
si

tiv
e 

T3
–T

4 

C allele + vs. 
C − 

0.393 
0.166–0.9

29 
0.033 0.392 

0.166–0.9
28 

0.033 0.414 
0.173–0.9

92 
0.048 0.354 

0.134–0.9
30 

0.035 0.409 
0.149–1.1

23 
0.083 

Age (years)    1.002 
0.978–1.0

25 
0.890 1.003 

0.979–1.0
27 

0.820 1.028 
1.000–1.0

57 
0.052 1.027 

0.000–1.0
55 

0.060 

Positive G3 
vs. G1 + G2       2.067 

1.027–4.1
61 0.042 1.885 

0.877–4.0
50 0.104 1.803 

0.827–3.9
28 0.138 

Positive N1 
vs. N0 

         6.993 
3.233–15.

125 
<0.001 5.795 

2.639–12.
726 

<0.001 

Positive M1 
vs. M0 

            6.116 
0.713–52.

493 
0.099 

rs
20

51
40

7 

Po
si

tiv
e 

M
 

C allele + vs. 
C − 

0.223 
0.058–0.8

58 
0.019 0.223 

0.058–0.8
63 

0.030 0.236 
0.060–0.9

20 
0.038 0.209 

0.048–0.9
13 

0.037 0.355 
0.083–1.5

10 
0.355 

Age (years)    0.979 
0.931–1.0

29 
0.403 0.980 

0.932–1.0
31 

0.432 1.007 
0.957–1.0

59 
0.801 0.979 

0.926–1.0
34 

0.443 

Positive G3 
vs. G1 + G2 

      1.627 
0.421–6.2

85 
0.480 1.307 

0.315–5.4
29 

0.712 1.088 
0.262–4.5

14 
0.908 

Positive N1 
vs. N0 

         0.000 0.000 0.996 0.000 0.000 0.996 

Positive 
T3–T4 

            15.475 
1.852–12

9.314 
0.011 

3.4.4. Rs9306160 
The analysis suggests that the rs9306160 SNP may have a significant protective effect 

against metastasis, as indicated by the statistically significant result for the C allele (+) 
(OR = 0.179, 95% CI: 0.044–0.721, p = 0.008). There was no significant association between 
the CT genotype and the presence of metastasis. However, for the TT genotype compared 
to CC, the OR was 5.889 (95% CI: 0.993–34.906) with a p-value close to the significance 
threshold at 0.051. This implies a potential trend towards an increased risk of metastasis 
for the TT genotype. In the multivariate logistic regression analysis for metastasis (M), 
Model No.1 showed that the presence of the C allele (+) significantly reduced risk of 
metastasis (OR = 0.187, 95% CI: 0.046–0.760, p = 0.019). Model No. 2 continued to show a 
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protective effect the C allele (+) with an OR of 0.166 (95% CI: 0.039–0.702, p = 0.015). In 
Model No. 3 the C allele (+) still exhibited a protective effect (OR = 0.151, 95% CI: 
0.032–0.717, p = 0.017). This confirms the significantly reduced risk of metastasis 
associated with the C allele. However, in Model No.4, the protective effect is not 
statistically significant, while there is a protective trend. The results are presented in 
Table 8. 

Table 8. Univariate and multivariate logistic regression analyses were conducted for rs9306160, 
adjusting for alleles and clinicopathological characteristics, with a focus on metastasis. 

   Univariate Multivariate 

SN
P 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s    Model No. 1 Model No. 2 Model No. 3 Model No. 4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
93

06
16

0 

Po
si

tiv
e 

M
 

C allele + 
vs. C - 

0.179 0.044–0.721 0.008 0.187 0.046–0.760 0.019 0.166 0.039–0.702 0.015 0.151 0.032–0.717 0.017 0.262 0.059–1.170 0.079 

Age (years)    0.979 0.929–1.032 0.430 0.981 0.931–1.034 0.479 1.002 0.949–1.059 0.932 0.977 0.921–1.036 0.437 
Positive G3 
vs. G1 + G2 

      2.623 0.629–10.932 0.186 2.193 0.482–9.992 0.310 1.581 0.363–6.897 0.542 

Positive N1 
vs. N0 

         0.000 0.000 0.996 0.000 0.000 0.996 

Positive 
T3–T4 

            12.411 1.442–106.8
42 

0.002 

3.4.5. Rs762400 
This SNP also showed significant results. The G allele was significant for a reduced 

risk of advanced tumor size (T3–T4) compared to the absence of the G allele (G −) (OR = 
0.383, 95% CI: 0.151–0.967, p = 0.037). Based on multivariate logistic regression analysis, 
taking into account age, tumor grade, nodal involvement, and distant metastasis, the 
association maitains significance in the initial models: Model No. 1 (OR = 0.383, 95% CI: 
0.151–0.968, p = 0.042), Model No.2 (OR = 0.378, 95% CI: 0.148–0.970, p = 0.043), and Model 
No. 3 (OR = 0.330, 95% CI: 0.115–0.946, p = 0.039). However, in Model No. 4, the 
association was not statistically significant (p = 0.106). Thus, the results indicated that the 
role of other covariates is more important with regard to the impact of the G allele. 

Moreover, the univariate logistic regression suggests that individuals carrying the G 
allele (+) had a significantly lower risk of having metastasis (OR = 0.176, 95% CI: 
0.045–0.686, p = 0.006). The multivariate analyses reinforce this association, with the 
presence of the G allele consistently linked to a reduced risk of metastasis. This 
significance holds in Models Nos. 1, 2, and 3 (OR = 0.165, 95% CI: 0.042–0.659, p = 0.011; 
OR = 0.168, 95% CI: 0.042–0.673, p = 0.012; OR = 0.149, 95% CI: 0.032–0.703, p = 0.016, 
respectively). In Model No. 4, while the association between the G allele and metastasis 
does not reach conventional statistical significance, it still suggests a notable trend 
towards a reduced risk of metastasis associated with the G allele. Importantly, age and 
other clinical factors did not demonstrate significant associations with metastasis (Table 
9). 
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Table 9. Univariate and multivariate logistic regression analyses were conducted for rs762400, 
adjusting for alleles and clinicopathological characteristics, with a focus on tumor size and 
metastasis. 

   Univariate Multivariate 

SN
P 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s    Model No. 1 Model No. 2 Model No. 3 Model No. 4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
76

24
00

 

Po
si

tiv
e 

T3
–T

4 
 

G allele + 
vs. G − 

0.383 0.151–0.967 0.037 0.383 0.151–0.968 0.042 0.378 0.148–0.970 0.043 0.330 0.115–0.946 0.039 0.401 
0.132–1.2

16 
0.106 

Age (years)    1.001 0.977–1.024 0.963 1.002 0.978–1.026 0.884 1.026 0.998–1.055 0.064 1.025 
0.998–1.0

54 
0.072 

Positive G3 
vs. G1 + G2 

      2.173 1.080–4.372 0.029 2.008 0.933–4.320 0.074 1.906 
0.877–4.1

43 
0.103 

Positive N1 
vs. N0 

         6.875 
3.190–14.82

0 
<0.001 5.717 

2.612–12.
511 

<0.001 

Positive 
M1 vs. M0 

            5.895 
0.682–50.

958 
0.107 

rs
76

24
00

 

Po
si

tiv
e 

M
 

G allele + 
vs. G - 

0.176 0.045–0.686 0.006 0.165 0.042–0.659 0.011 0.168 0.042–0.673 0.012 0.149 0.032–0.703 0.016 0.265 
0.062–1.1

35 
0.074 

Age (years)    0.974 0.924–1.027 0.327 0.976 0.926–1.029 0.370 0.999 0.946–1.054 0.957 0.977 
0.924–1.0

34 
 

Positive G3 
vs. G1 + G2 

      1.796 0.460–7.017 0.400 1.332 0.314–5.647 0.697 1.196 
0.289–4.9

51 
0.805 

Positive N1 
vs. N0 

         0.000 0.000 0.996 0.000 0.000 0.996 

Positive 
T3–T4 

            14.735 
1.757–12

3.541 
0.013 

3.4.6. Haplotypes 
With the understanding that rs2838342, rs7276633, rs2051407, rs9306160, and 

rs762400 may not act independently, we opt to explore haplotypes. By analyzing 
haplotypes, we aim to capture the combined effect of multiple SNPs within the gene, thus 
providing a more comprehensive understanding of the genetic landscape and its 
potential implications in our study. We meticulously analyzed the associations between 
diplotypes and various clinical characteristics. Specifically, we examined the 
heterozygous diplotype (ATCCG/alternative haplotype) versus the homozygous 
diplotype (ATCCG/ATCCG), ATCCG haplotype non-carriers versus the homozygous 
diplotype (ATCCG/ATCCG), heterozygous diplotype (GCTTC/alternative haplotype) 
versus the homozygous diplotype (GCTTC/GCTTC), GCTTC haplotype non-carriers 
versus the homozygous diplotype (GCTTC/GCTTC), and heterozygous diplotype 
(ATCCG/GCTTC) carriers versus non-carriers. 

Significantly, GCTTC haplotype non-carriers exhibited a greater protective effect 
against advanced tumor size (T3–T4) and metastasis compared to those with the 
homozygous diplotype (GCTTC/GCTTC) (OR = 0.367, 95% CI: 0.136–0.992, p = 0.038; OR 
= 0.098, 95% CI: 0.016–0.578, p = 0.010, respectively). This finding suggests a potential role 
of genetic variations represented by the GCTTC haplotype in promoting aggressive 
tumor behavior. For patients with advanced tumor stages (III–IV versus I–II) and worse 
prognosis (T3–T4 + G3 versus T1–T2 + G1–G2), individuals lacking the ATCCG haplo-
type showed a significantly higher likelihood of exhibiting advanced tumor stages and 
being in the worse prognosis group compared to those with the homozygous diplotype 
(ATCCG/ATCCG) (OR = 1.250, 95% CI: 0.454–3.444, p = 0.032; OR = 2.100, 95% CI: 
0.638–6.916, p = 0.048, respectively) (Table 10). 

Table 11 presents the results of multivariate logistic regression analyses focusing on 
diplotypes, with adjustments made for clinicopathological characteristics, particularly 
emphasizing tumor size and metastasis. Model 1: In the initial model, we adjusted for age 
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(years) as an additional covariate. The association between GCTTC haplotype 
non-carriers and reduced odds of advanced tumor size remained significant (OR = 0.393, 
95% CI: 0.188–0.822, p = 0.039). This underscores the robustness of our initial findings, 
indicating that age did not substantially alter the observed relationship between 
haplotype status and tumor size. Model 2: Further adjustments were made by including 
tumor grade (G3 versus G1 + G2) in the analysis. Despite this additional adjustment, the 
association between GCTTC haplotype non-carriers and decreased odds of advanced 
tumor size remained statistically significant (OR = 0.392, 95% CI: 0.185–0.827, p = 0.041). 
This suggests that the observed association is independent of tumor grade, emphasizing 
the potential importance of genetic factors in influencing tumor progression. Model 3: 
Despite the inclusion of nodal status in the analysis, the association between GCTTC 
haplotype non-carriers and reduced odds of advanced tumor size remained statistically 
significant (OR = 0.391, 95% CI: 0.173–0.884, p = 0.041). Model 4: Finally, we included 
metastasis (M1 versus M0) as an additional covariate in the analysis. The association 
between GCTTC haplotype non-carriers and advanced tumor size showed a trend 
towards significance (OR = 0.380, 95% CI: 0.166–0.869, p = 0.046). On the focus on 
metastasis, in Model No.1, GCTTC haplotype non-carriers exhibit a substantial protective 
effect against metastasis (OR = 0.101, 95% CI 0.017–0.598, p = 0.012). This suggests a 
potential role of genetic variations represented by the GCTTC haplotype in influencing 
metastatic propensity, even after adjusting for age. In Model No.2, which includes 
additional adjustments for tumor grade (G3 versus G1 + G2), the protective effect against 
metastasis remains significant (OR = 0.095, 95% CI 0.016–0.577, p = 0.011), further 
emphasizing the independent nature of this association. Model No.3 incorporates 
adjustments for lymph node involvement (N1 versus N0) along with age and tumor 
grade. Despite these additional adjustments, the protective effect against metastasis 
among GCTTC haplotype non-carriers persists (OR = 0.075, 95% CI 0.011–0.534, p = 
0.010), highlighting the robustness of the observed association. Finally, in Model No.4, 
which includes adjustments for tumor stage (T3–T4), in addition to age, tumor grade, and 
lymph node involvement, the protective effect against metastasis remains significant (OR 
= 0.150, 95% CI 0.023–0.965, p = 0.048). This suggests that the influence of genetic 
variations represented by the GCTTC haplotype on metastatic propensity is independent 
of tumor size and other clinicopathological factors. 

Overall, the consistent significance of the protective effect across all models 
underscores the potential importance of genetic variations represented by diplotypes in 
predicting tumor size and metastasis in cervical cancer patients, irrespective of 
traditional clinicopathological factors. 

Table 10. Univariate logistic regression analysis: assessing odds ratios for the relationships 
between diplotypes and patients’ age and tumor characteristics. 

 Diplotypes 

C
in

ic
al

  
C

ha
ra

ct
er

is
tic

s Heterozygous Diplotype 
(ATCCG/Alternative 

Hap) vs. Homozygous 
Diplotype 

(ATCCG/ATCCG) 

ATCCG Haplotype 
Non-Carriers vs. 

Homozygous Diplotype 
(ATCCG/ATCCG) 

Heterozygous Diplotype 
(GCTTC/Alternative Hap) 

vs. Homozygous 
Diplotype 

(GCTTC/GCTTC) 

GCTTC Haplotype 
Non-Carriers vs. 

Homozygous Diplotype 
(GCTTC/GCTTC) 

Heterozygous 
Diplotype 

(ATCCG/GCTTC) 
Carriers vs. 

Non-Carriers 
OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value 

Positive T3–T4 
vs. T1–T2 

0.383 
0.183–0.8

00 
0.077 1.773 

0.703–4.4
71 

0.225 0.506 0.185–1.387 0.186 0.367 0.136–0.9
92 0.038 0.424 0.220–0.

817 0.090 

Positive N1 vs. 
N0 

* * * * * * 0.831 0.311–2.221 0.712 1.222 
0.449–3.3

26 
0.694 0.671 

0.364–1.
238 

0.202 

Positive M1 vs. 
M0 

1.022 
0.180–5.7

90 
0.980 3.538 

0.606–20.
653 

0.160 0.250 0.056–1.110 0.068 0.098 
0.016–0.5

78 
0.010 0.313 

0.064–1.
517 

0.149 

Positive G3 vs. 
G1 + G2 

0.699 
0.317–1.5

38 
0.373 1.406 

0.534–3.7
05 

0.491 1.271 0.417–3.876 0.673 0.923 
0.290–2.9

35 
0.892 0.908 

0.458–1.
801 

0.783 

Age (groups): 
≤50 vs. >50 

2.278 
1.070–4.8

46 
0.073 1.529 

0.578–4.0
40 

0.392 0.750 0.225–2.495 0.639 0.458 
0.138–1.5

27 
0.204 1.840 

0.919–3.
684 

0.085 
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Positive stage 
III–IV vs. stage 

I–II 
1.002 

0.169–1.7
33 

0.091 1.250 
0.454–3.4

44 
0.032 0.429 0.150–1.222 0.113 0.612 

0.210–1.7
87 

0.369 0.494 
0.267–0.

912 
0.084 

Positive worse 
prognosis: 

T3–T4 + G3 vs. 
T1–T2 + G1–G2 

0.212 
0.064–0.7

07 
0.162 2.100 

0.638–6.9
16 

0.048 0.465 0.117–1.855 0.278 0.354 
0.126–2.0

98 
0.354 0.305 

0.104–0.
895 

0.101 

* OR could not be estimated because of zero value within a cell. 

Table 11. Multivariate logistic regression analyses were conducted for diplotypes, adjusting for 
clinicopathological characteristics, with a focus on tumor size and metastasis. 

   Multivariate 

SN
Ps

 

D
ep

en
de

nt
 

C
ov

ar
ia

te
s Model No. 1 Model No. 2 Model No. 3 Model No. 4 

Odds 95% CI p Odds 95% CI p Odds 95% CI p Odds 95% CI p 

rs
28

38
34

2 
rs

72
76

63
3 

rs
20

51
40

7 
 

rs
93

06
16

0 
rs

76
24

00
 

Po
si

tiv
e 

T3
–T

4 
 

GCTTC haplotype 
non-carriers vs. homo-

zygous diplotype 
(GCTTC/GCTTC) 

0.393 0.188–0.8
22 

0.039 0.392 0.185–0.82
7 

0.041 0.391 0.173–0.8
84 

0.041 0.380  0.166–0.869 0.046 

Age (years) 1.004 0.981–1.0
32 0.614 1.006 0.983–1.03

4 0.567 1.031 1.002–1.0
63 0.131 1.032 1.002–1.064 0.132 

Positive G3 vs. G1 + G2    2.007 0.971–4.14
7 0.061 1.842 0.831–4.0

67 0.131 0.579 0.257–1.299 0.185 

Positive N1 vs. N0       0.000 0.000 0.996 0.000 0.000 0.996 
Positive M1 vs. M0          6.508 0.719–58.708 0.096 

rs
28

38
34

2 
rs

72
76

63
3 

rs
20

51
40

7 
rs

93
06

16
0 

rs
76

24
00

 

Po
si

tiv
e 

M
 

GCTTC haplotype 
non-carriers vs. homo-

zygous diplotype 
(GCTTC/GCTTC) 

0.101 0.017–0.5
98 0.012 0.095 0.016–0.57

7 0.011 0.075 0.011–0.5
34 0.010 0.150 0.023–0.965 0.048 

Age (years) 0.980 0.927–1.0
35 0.462 0.983 0.931–1.03

9 0.544 1.005 0.952–1.0
62 0.850 0.982 0.926–1.041 0.545 

Positive G3 vs. G1 + G2    2.051 0.515–8.17
0 0.309 1.657 0.377–7.2

94 0.504 1.324 0.312–5.579 0.702 

Positive N1 vs. N0       0.000 0.000 0.996 0.000 0.000 0.996 
  Positive T3–T4          8.404 0.915–77.157 0.060 

3.5. Survival Analysis 
The influence of the SNPs on survival, both progression-free survival (PFS) and 

overall survival (OS), was assessed using genotype and allelic models. In Cox’s 
univariate and multivariate models for PFS and OS, we assessed the impact of SNPs on 
survival outcomes. No significant link between SNP‘s genotypes or alleles and PFS was 
detected. In the case of SNP Rs9306160, the survival analysis did not yield differences for 
the genotypes and alleles. 

But the effect of four SNPs (rs2838342, rs7276633, rs2051407, rs762400) on OS has 
been identified as important. 

The results indicate that for SNP rs2838342, there were no statistically significant 
associations between genotypes and survival outcomes. However, the presence of the A 
allele displayed a considerably lower hazard, signifying a potential protective role. This 
observation is particularly noteworthy, as the p-value of 0.031 indicates that the A allele 
may significantly contribute to improved OS outcomes (HR = 0.465, 95% CI: 0.232–0.931). 
Utilizing Cox’s multivariate models, an effect of the A allele was sustained even after 
adjusting for age at diagnosis (HR = 0.462, 95% CI: 0.231–0.926, p = 0.030, Model No. 1). 
When scrutinizing the influence of age at diagnosis and broader tumor characteristics 
(tumor T, N, G) in Model No. 2, we observed that the impact of the A allele on OS has 
now become statistically insignificant. We must note that the effect of tumor size was 
significant on the survival outcome, revealing an HR of 7.463 (T3–T4 vs. T1–T2, p < 0.001), 
reflecting its substantial impact on OS. 
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Similarly, for SNP rs7276633, the TC and CC genotypes did not show significant 
differences in survival when compared to TT, but the presence of the T allele was 
associated with better OS (HR = 0.465, CI: 0.232–0.931, p = 0.031). The T allele’s protective 
effect persisted, with an adjusted HR of 0.462 (95% CI: 0.231–0.926, p = 0.030) after 
accounting for age-related factors (Model No. 1). These findings underscore the 
significance of allelic effects in influencing overall survival. Regrettably, Model No.2 did 
not produce statistically significant results when adjusting for tumor T, N, G, and 
patients’ age. The impact of tumor size on OS was significant, with an HR of 7.463 (95% 
CI: 3.195–17.432, p < 0.001). 

Next, our attention turned to SNP rs2051407. Like previous SNPs, the different 
genotypes showed no substantial differences in survival outcomes. However, the C allele 
was a factor in modulating Patient OS. The C allele carriers had a decreased risk of dying 
faster (HR = 0.418, CI: 0.204–0.858, p = 0.017). In multivariate Cox‘s regression analysis, 
the C allele remains a factor for longer overall survival (HR = 0.404, 95% CI: 0.196–0.832, p 
= 0.014), when adjusting for the age of patients (Model No. 1). Unfortunately, Model No.2 
did not yield statistically significant results, with a significant effect of tumor size on 
overall survival persisting (HR = 7.484, 95% CI: 3.227–17.355, p < 0.001). 

Finally, our analysis extended to SNP rs762400. In the univariate model, patients 
with the CC genotype, compared to the GG genotype, exhibited a significant impact on 
OS, with an HR of 2.550 (95% CI: 1.098–5.923, p = 0.030), indicating an elevated risk of 
adverse outcomes for individuals carrying this genotype. This result remained significant 
in multivariate Model No.1, controlling for patient age (HR = 2.476, 95% CI: 1.064–5.758, p 
= 0.035). Exploring the interplay of tumor characteristics and age at diagnosis in Model 
No. 2, advanced tumor size (T3–T4 versus T1–T2) once again emerged as a significant 
predictor, displaying a substantial HR of 7.546 (95% CI: 3.250–17.520, p < 0.001). In this 
model, the CC genotype still increases the risk for shorter OS, but the significance level 
(p) is >0.05. Moreover, the scrutiny of SNP rs762400 showcased that the allelic model does 
not contradict the results of the genotypic model. The presence of the G allele emerged as 
a significant protective factor. The holders of G allele were less likely to have shorter OS 
when compared to the non-carriers (HR = 0.374, CI: 0.177–0.788, p = 0.010). The presence 
of the G allele (+) was associated with an HR of 0.370 (95% CI: 0.176–0.781, p = 0.009) in 
Model No. 1, after adjusting for age, indicating a substantially reduced risk of adverse OS 
outcomes linked to this genetic variant. In multivariate Model No. 2, advanced tumor 
size (T3–T4) exhibited a significant HR of 7.496 (95% CI: 3.235–17.373, p < 0.001). These 
results underline the considerable impact of tumor characteristics on OS outcomes, and 
once again, the significant influence of the G allele for OS was not observed. 

In our analysis, using Cox’s univariate model for progression-free survival (PFS) 
and overall survival (OS), we observed interesting trends in the association between 
RRP1B haplotypes and patient outcomes. Specifically, the ATCCG haplotype 
non-carriers versus the homozygous diplotype (ATCCG/ATCCG) showed an elevated 
hazard ratio (HR) for both PFS and OS, indicating a potential link between this haplotype 
and poorer survival outcomes. However, statistical significance was not achieved in this 
comparison. 

Conversely, the heterozygous diplotype of GCTTC/alternative haplotype, compared 
to the homozygous diplotype (GCTTC/GCTTC), displayed a significantly decreased HR 
for OS (HR = 0.274, 95% CI: 0.120–0.626, p = 0.002), suggesting a possible protective effect 
associated with this haplotype. Similarly, GCTTC haplotype non-carriers compared to 
the homozygous diplotype (GCTTC/GCTTC) also exhibited a significantly decreased HR 
for OS (HR = 0.298, 95% CI: 0.128–0.695, p = 0.005), indicating a potentially favorable 
impact on survival outcomes. 

In our comprehensive analysis using Cox’s multivariate models for overall survival 
(OS), we meticulously examined the adjusted associations between diplotypes, age at 
diagnosis, and various tumor characteristics. Focusing on diplotypes, particularly the 
comparison between the heterozygous diplotype (GCTTC/alternative hap) and the 
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homozygous diplotype (GCTTC/GCTTC), our findings consistently demonstrated 
significantly decreased odds of overall survival (OS) across both Model Nos. 1 and 2 (OR 
= 0.259, 95% CI: 0.113–0.597, p = 0.002; OR = 0.372, 95% CI: 0.153–0.904, p = 0.029, 
respectively). This suggests a potential protective effect associated with certain 
diplotypes, indicating their relevance as prognostic indicators in cervical cancer. 
Similarly, when comparing GCTTC haplotype non-carriers to the homozygous diplotype 
(GCTTC/GCTTC), we observed notably reduced odds of OS in both Model Nos. 1 and 2 
(OR = 0.303, 95% CI: 0.130–0.708, p = 0.006; OR = 0.363, 95% CI: 0.151–0.871, p = 0.023, 
respectively). This reinforces the importance of haplotype status in predicting survival 
outcomes, further highlighting the potential clinical significance of genetic variations 
represented by diplotypes. 

In summary, our multivariate analysis within the Cox regression framework un-
raveled the intricate relationships between genetic variations, age at diagnosis, and tu-
mor characteristics, providing a nuanced understanding of their combined impact on 
overall survival in this particular context. Tumor characteristics played a significant role, 
unveiling HRs and reflecting their substantial impact on OS. 

All the results are presented in Tables 12–15. Kaplan–Meier analysis was performed 
to generate survival curves for genotypes, alleles, and haplotypes showing significant 
associations with overall survival (OS) (Figures 2–6). 

Table 12. Cox’s univariate model for PFS and OS. 

  Progression-Free 
Survival 

  Overall Survival  

SNP Genotype/Allele HR 95% CI p-Value HR 95% CI p-Value 
rs2838342 AG vs. AA 0.560 0.303–1.036 0.065 0.742 0.358–1.539 0.423 

 GG vs. AA 1.155 0.545–2.447 0.706 1.824 0.827–4.025 0.137 
 A allele + vs. A − 1.572 0.784–3.151 0.202 0.465 0.232–0.931 0.031 
 G allele + vs. G − 0.682 0.391–1.187 0.176 0.990 0.516–1.899 0.977 

rs7276633 TC vs. TT 0.577 0.312–1.066 0.079 0.763 0.368–1.582 0.467 
 CC vs. TT 1.176 0.555–2.490 0.673 1.854 0.840–4.090 0.126 
 T allele + vs. T − 0.636 0.317–1.275 0.202 0.465 0.232–0.931 0.031 
 C allele + vs. C − 0.700 0.402–1.219 0.208 1.015 0.529–1.946 0.964 

rs2051407 CT vs. CC 0.556 0.302–1.026 0.060 0.813 0.397–1.667 0.573 
 TT vs. CC 1.314 0.604–2.842 0.488 2.144 0.959–4.793 0.063 
 C allele + vs. C − 0.568 0.275–1.175 0.127 0.418 0.204–0.858 0.017 
 T allele + vs. T − 0.689 0.397–1.194 0.184 1.081 0.568–2.056 0.812 

rs9306160 CT vs. CC 0.647 0.352–1.187 0.160 0.856 0.418–1.751 0.669 
 TT vs. CC 1.357 0.595–3.092 0.468 2.213 0.943–5.193 0.068 
 C allele + vs. C − 0.613 0.286–1.314 0.208 0.498 0.229–1.084 0.079 
 T allele + vs. T − 0.705 0.399–1.245 0.228 0.915 0.476–1.758 0.789 

rs762400 GC vs. GG 0.613 0.336–1.117 0.110 0.917 0.451–1.866 0.811 
 CC vs. GG 1.443 0.642–3.240 0.375 2.550 1.098–5.923 0.030 
 G allele + vs. G − 0.537 0.251–1.147 0.108 0.374 0.177–0.788 0.010 
 C allele + vs. C − 0.734 0.422–1.275 0.272 1.178 0.613–2.263 0.624 
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Table 13. Cox’s multivariate models for overall survival: adjusted ratios for associations between 
SNPs, age at diagnosis, and tumor characteristics. 

 Variables Overall Survival 
  HR 95% CI p-Value 

rs2838342 A allele + vs. A − 0.462 0.231–0.926 0.030 
Model No. 1 Age at diagnosis 1.011 0.987–1.037 0.366 

 A allele + vs. A − 0.802 0.382–1.686 0.561 
rs2838342 Age at diagnosis 1.020 0.995–1.046 0.110 

Model No. 2 T3–T4 vs. T1–T2 7.463 3.195–17.432 <0.001 
 N1 vs. N0 1.874 0.907–3.872 0.090 
 G3 vs. G1–G2 0.710 0.346–1.457 0.350 

rs7276633 T allele + vs. T − 0.462 0.231–0.926 0.030 
Model No. 1 Age at diagnosis 1.011 0.987–1.037 0.366 

rs7276633  T allele + vs. T − 0.802 0.382–1.686 0.561 
Model No. 2 Age at diagnosis 1.029 0.995–1.046 0.110 

 T3–T4 vs. T1–T2 7.463 3.195–17.432 <0.001 
 N1 vs. N0 1.874 0.907–3.872 0.090 
 G3 vs. G1–G2 0.710 0.346–1.457 0.350 

rs2051407 C allele + vs. C − 0.404 0.196–0.832 0.014 
Model No. 1 Age at diagnosis 1.013 0.988–1.039 0.297 
Rs2051407 C allele + vs. C − 0.604 0.285–1.281 0.189 

Model No. 2 Age at diagnosis 1.022 0.997–1.048 0.082 
 T3–T4 vs. T1–T2 7.484 3.227–17.355 <0.001 
 N1 vs. N0 1.824 0.892–3.732 0.100 
 G3 vs. G1–G2 0.698 0.346–1.405 0.313 

rs762400 GC vs. GG 0.858 0.416–1.767 0.677 
Model No. 1 CC vs. GG 2.476 1.064–5.758 0.035 

 Age at diagnosis 1.013 0.987–1.040 0.325 
rs762400 GC vs. GG 1.083 0.521–2.248 0.831 

Model No.2 CC vs. GG 1.865 0.785–4.431 0.158 
 Age at diagnosis 1.021 0.996–1.047 0.100 
 T3–T4 vs. T1–T2 7.546 3.250–17.520 <0.001 
 N1 vs. N0 1.814 0.882–3.731 0.105 
 G3 vs. G1–G2 0.719 0.358–1.448 0.356 

rs762400 G allele + vs. G − 0.370 0.176–0.781 0.009 
Model No. 1 Age at diagnosis 1.012 0.987–1.038 0.356 

rs762400 G allele + vs. G − 0.560 0.261–1.203 0.137 
Model No. 2 Age at diagnosis 1.021 0.996–1.047 0.100 

 T3–T4 vs. T1–T2 7.496 3.235–17.373 <0.001 
 N1 vs. N0 1.798 0.879–3.677 0.108 
 G3 vs. G1–G2 0.728 0.365–1.452 0.367 
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Table 14. Cox’s univariate model for PFS and OS. 

  Progression-Free Survival   Overall Survival  
RRP1B 

Haplotypes 
HR 95% CI p-Value HR 95% CI p-Value 

Heterozygous diplotype 
(ATCCG/alternative haplotype) vs. 

homozygous diplotype (ATCCG/ATCCG) 
0.990 0.523–1.873 0.975 0.843 0.397–1.790 0.656 

ATCCG haplotype non-carriers vs. 
homozygous diplotype (ATCCG/ATCCG) 

2.244 0.991–5.080 0.052 2.121 0.910–4.943 0.081 

Heterozygous diplotype 
(GCTTC/alternative haplotype) vs. 

homozygous diplotype (GCTTC/GCTTC) 
0.485 0.208–1.132 0.094 0.274 0.120–0.626 0.002 

GCTTC haplotype non-carriers vs. 
homozygous diplotype (GCTTC/GCTTC) 0.434 0.190–0.993 0.051 0.298 0.128–0.695 0.005 

Heterozygous diplotype 
(ATCCG/GCTTC) carriers vs. non-carriers 

0.872 0.479–1.588 0.655 0.694 0.362–1.331 0.271 

Table 15. Cox’s multivariate models for overall survival: adjusted ratios for associations between 
diplotypes, age at diagnosis, and tumor characteristics. 

SN
Ps

 

Covariates 
Model No. 1 Model No.2  
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Figure 3. Kaplan–Meier survival curves for OS in patients with cervical cancer, according to 
rs7276633 polymorphism (n = 169). Carrying the T allele in rs7276633 increased the possibility for 
longer OS (HR = 0.465, CI: 0.232–0.931, p = 0.031). 

 
Figure 4. Kaplan–Meier survival curves for OS in patients with cervical cancer, according to 
rs2051407 polymorphism (n = 172). Carriers of the rs2051407 C allele had an increased chance of 
longer OS in comparison with non-carriers (HR = 0.418, CI: 0.204–0.858, p = 0.017). 
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Figure 5. Kaplan–Meier survival curves for OS in patients with cervical cancer, according to 
rs762400 polymorphism (n = 172). Rs762400 CC genotype increased the risk for shorter OS com-
pared to patients with the GG genotype (HR = 2.550, 95% CI: 1.098–5.923, p = 0.030). Individuals 
carrying the G allele exhibited a heightened likelihood of longer OS compared to those without the 
G allele (HR = 0.374, CI: 0.177–0.788, p = 0.010). 

 
Figure 6. Kaplan–Meier survival curves for OS in patients with cervical cancer stratified by 
diplotypes at rs2838342, rs7276633, rs2051407, rs9306160, and rs762400, with a focus on the GCTTC 
haplotype (n = 172). The heterozygous diplotype (GCTTC/alternative haplotype), compared to the 
homozygous diplotype (GCTTC/GCTTC), displayed a significantly decreased hazard ratio (HR = 
0.274, 95% CI: 0.120–0.626, p = 0.002), suggesting a possible protective effect associated with this 
haplotype. Similarly, GCTTC haplotype non-carriers compared to the homozygous diplotype 
(GCTTC/GCTTC) also exhibited a significantly decreased hazard ratio for OS (HR = 0.298, 95% CI: 
0.128–0.695, p = 0.005). 

4. Discussion 
Despite prevention programs and vaccination efforts, cervical cancer continues to 

pose a significant global public health challenge. Mortality rates vary across different 
regions of the world, with the majority of deaths occurring in low- and middle-income 
countries [27,33]. With various risk factors such as human papillomavirus, sexual 
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activity, oral contraceptives, immunosuppression, family history, and various molecular 
factors (including HOX, PI3K/AKT/mTOR, EGFR, PDGFR, VEGF genes) influencing 
cervical cancer progression and metastasis [34], a comprehensive understanding of 
genome variations and biological characteristics, set against the backdrop of 
environmental modifications, will enhance the accuracy of disease diagnosis and 
treatment. This knowledge will pave the way for more precise, personalized, and 
effective therapeutic protocols tailored to individual patients. 

In our study, all examined SNPs exhibited significant associations with 
clinicopathological features of cervical cancer. Rs2838342, rs2051407, and rs762400 were 
linked to tumor size (T) and metastasis (M), while rs7276633 was associated with tumor 
size and rs9306160 was associated with metastasis. When analyzing the prognosis of the 
disease, considering tumor size and differentiation, significant results were observed in 
cases involving rs2838342, rs7276633, and rs2051407. Additionally, rs2838342 and 
rs7276633 were associated with the stage of the disease and patients’ age groups. Based 
on these abundant and trending findings, it can be anticipated that RRP1B SNPs play a 
role in influencing the aggressiveness of cervical cancer and and the risk of metastasis. 

Regrettably, our data could not be compared with that of other researchers, as we 
were unable to find publications specifically investigating and analyzing RRP1B 
polymorphisms in cervical cancer cases. Evaluating the results of rs2838342, rs7276633, 
rs2051407, and rs762400 polymorphisms poses particular difficulties. In some cases, 
explaining the lack of correspondence between the genotypic model and the allelic model 
in the associations with the clinical characteristics of the tumor is challenging, especially 
due to the absence of published results from studies analyzing these SNPs. The analysis 
of these four polymorphisms clearly delineated the tendency of the more common allele 
to enhance overall survival. However, further replication of these findings is still needed. 

A review of the global literature focused on the expression levels of RRP1B. 
Crawford et al. conducted research on breast cancer. Expression of RRP1B, and the 

activity of RRP1B expression, was investigated to be higher in low-metastatic mice inbred 
strains with mammary cancer compared to high-metastatic strains. Additionally, the 
variation in RRP1B expression within a highly metastatic mouse mammary tumor cell 
line was found to modify progression. Ectopic Expression of RRP1B reduced tumor 
growth and metastatic potential. Expression of this gene also predicted survival in 
human breast cancer. A significant difference in overall survival for the groups with 
good and poor prognosis, predicted by the RRP1B activation signature, was observed 
across various datasets [8,12]. RRP1B has been represented as a likely biomarker for early 
gastric cancer. The expression level of RRP1B was significantly reduced in 76 early gastric 
cancer tissues compared with normal cases in the Chinese study [35]. The other study 
involved the analysis of 54 pairs of laryngeal tumor and adjacent normal tissues, it was 
revealed that RRP1B is significantly downexpressed in laryngeal squamous cell 
carcinoma [36]. There is a potential link between ALY (Aly/REF export factor), RRP1B, 
and metastasis in oral squamous cell carcinoma (OSCC). A knockdown of ALY reduces 
invasiveness and migration in OSCC cells, accompanied by an increase in RRP1B 
expression. Elevated RRP1B, alongside CD82, in ALY knockdown cells indicates that 
RRP1B may play a key role in regulating OSCC cellular invasiveness and migration [37]. 

Several studies have been conducted to evaluate the influence of RRP1B in 
non-oncological diseases. RRP1B is one of the genes regulating AREG (Amphiregulin) in 
endothelial cells, with HIF-1⍺ playing a role in their upregulation in hypoxia. Silencing 
RRP1B reduces inflammation and apoptosis, highlighting its potential significance in 
pulmonary hypertension pathology [38]. It has been identified that RRP1B participates in 
the pathogenetic process of sepsis by regulating the activation and differentiation of 
lymphocytes. [39]. Based on a large-scale genome-wide association study, RRP1B is 
associated with a significant signal of blood pressure regulation [40]. The RRP1B gene 
was associated with blood pressure response to specific antihypertensive drugs, 
particularly atenolol [41]. The expression of RRP1B was analyzed in leucocytes of 
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individuals with Down’s syndrome (DS). The results indicated that RRP1B showed 
significant upregulation in DS patients compared to the normal population [42]. 

It is interesting that data from the Cancer Genome Atlas (TCGA) project suggest the 
expression level of RRP1B is not a prognostic factor in cervical cancer survival analysis 
(https://tcga-data.nci.nih.gov/docs/publications/cesc_2016/, accessed on 15 December 
2023). 

There are few studies evaluating the associations of RRP1B rs9306160 
polymorphisms with cancer risk or clinical data. 

In our study, we found that the C allele of rs9306160 is more common and may have 
a significant protective effect against metastasis (p = 0.008). The variant T allele did not 
show statistically significant results, but the TT genotype increased the risk for metastasis 
(p-value close to the significance at 0.051). Unfortunately, we did not obtain significant 
associations between rs9306160 and clinical features such as lymph node metastasis, 
tumor differentiation, or survival rates. But if we consider that a frequent allele is a sign 
of a better prognosis, then when analyzing the results of other authors’ studies, the data 
differ. 

Crawford et al.‘s study with breast cancer outcomes was conducted in two cohorts: 
one from Orange County and another from the Greater Baltimore Area. Consistent 
findings were observed between the cohorts, although some differences could be at-
tributed to cohort characteristics. They found a significant association between the 
variant A allele of rs9306160 and disease stage in a Caucasian cohort. The A allele was 
more prevalent in patients with localized disease compared to those with advanced 
regional or metastatic disease. The variant allele showed significant associations with 
various tumor characteristics, including estrogen receptor (ER) and progesterone recep-
tor (PR) status, the presence of lymph node disease, and tumor grade. It was more fre-
quent in patients with ER-positive and PR-positive tumors, as well as in those with 
well-to-moderately differentiated tumors. Carriers of the variant allele had better breast 
cancer-specific survival compared to homozygous carriers of the common allele (G/G). 
This survival advantage was more pronounced in patients with ER-positive tumors [8]. 

Another study involved 1863 Dutch patients with operable primary breast cancer 
from Rotterdam, The Netherlands. The investigation identified a significant association 
of variants in rs9306160 with metastasis-free survival (MFS) (p = 0.012). Specifically, the 
study revealed a connection between the T allele of the RRP1B SNP (rs9306160) and a 
more favorable prognosis in MFS among breast cancer patients. Carrying the T allele (CT 
or TT genotypes) of rs9306160 was associated with a positive outcome in terms of MFS. 
Remarkably, this association maintained significance even in multivariate analysis, 
indicating that the T allele functions as an independent prognostic factor. Notably, the 
association with patients’ survival was confined to estrogen receptor-positive, lymph 
node-negative (ER+/LN−) patients (p = 0.011). Furthermore, combining the genotypes of 
two genes (SIPA1 and RRP1B) demonstrated a significant ability to discriminate patients 
with poor metastasis-free survival (HR: 0.40, 95% CI: 0.24 to 0.68, p = 0.001). It is 
important to acknowledge the study’s limitations, as the observed association was 
significant only for a specific subgroup (ER+/LN− patients) and not for other patient 
subgroups (ER+/LN+, ER−/LN+, ER−/LN−). The study was conducted within a Dutch 
patient population, and to establish broader applicability, the results may require 
validation in diverse populations [43]. 

On the other hand, the study of Nanchari et al., which included 493 breast cancer 
cases and 558 age-matched healthy female controls, could reflect a guideline for the 
results we obtained. The TT genotype and T allele frequencies of the RRP1B rs9306160 
(1307T>C) polymorphism were significantly elevated in breast cancer cases compared to 
controls. The presence of the T allele conferred a 1.75-fold increased risk for breast cancer 
development. The TT genotype was associated with a higher risk under codominant and 
recessive models. Moreover, the TT genotype frequency was significantly elevated in 
obese patients, patients with advanced disease, and those with increased tumor size. The 



310

Cancers 2024, 16, 1250 26 of 29 
 

 

T allele was associated with positive lymph node status and Her2-negative receptor sta-
tus. In silico analysis of RNA secondary structures near the SNP site indicated that the T 
allele may result in a less stable mRNA structure compared to the C allele, potentially 
affecting functional interactions. The study suggests that the TT genotype may increase 
the risk for both breast cancer development and progression. It acknowledges deviations 
from the Hardy–Weinberg equilibrium and suggests the possibility of selective forces 
influencing genotype frequencies over generations. Additionally, the study highlights 
discrepancies in results compared to other cohorts, possibly due to ethnic variations. The 
C allele was more frequent in both controls and breast cancer cases, indicating that the C 
allele was more prevalent in both groups. However, there were differences in allele fre-
quencies between controls and breast cancer cases. It is important to note that the find-
ings are specific to the population studied (Southern Indian) and may not be directly 
applicable to other populations [44]. 

Earlier research from Lithuania characterized a group of young Lithuanian patients 
with breast cancer. Consistent with our findings, the prevalence of the C allele of 
rs9306160 (c.436T4C) was higher, constituting 59.5% in the allelic model. The study 
revealed a statistically significant association between rs9306160 and tumor grade (G). 
Specifically, the T allele was significantly linked to G3 tumor grade (high-grade tumors), 
indicating a higher probability of G3 grade in carriers of the T allele. This association 
remained significant after adjustments, including age at diagnosis, tumor receptor status, 
tumor size, and lymph node involvement, suggesting an independent effect of the 
polymorphism on this breast cancer characteristic. The C allele was associated with 
ER-positive status, implying a higher likelihood of positive ER in individuals with the CC 
genotype or carriers of the C allele. Therefore, these findings support the notion of the T 
allele as a worse prognostic factor [45]. 

Moreover, a case-control study involving 100 Iraqi women (75 with confirmed breast 
cancer and 25 with normal breast tissue) could also corroborate the observed trend in our 
results. The results indicated a higher frequency of the CC genotype in the control group. 
The homozygous TT genotype was associated with histologic grade, and this association 
remained significant across all grades. Among cancer patients with a high-grade variant, 
T alleles were more prevalent compared to those in low-grade conditions. Furthermore, 
the (TT) genotype was more frequently observed in breast cancer cases with metastatic 
lymph node involvement compared to cases without lymph node involvement [46]. 

Our extended haplotype analysis of the investigated SNPs revealed that GCTTC 
haplotype non-carriers, predominantly consisting of ATCCG haplotypes, were less likely 
to exhibit advanced tumor size and metastasis. These findings were consistent with the 
results obtained from allelic models. The same trend was also noted in survival 
assessments. Consequently, we posit that these haplotypes could serve as independent 
markers. 

In the present study, we examined the associations between five functional SNPs in 
the RRP1B gene and the clinicopathological profiles and survival rates in a cohort of 
Lithuanian women with cervical cancer. Our study is the first to analyze RRP1B SNPs for 
assessing the clinicopathological features and progression of CC. It establishes a link 
between SNPs in RRP1B and CC, suggesting these genetic variants as predictive 
biomarkers for prognosticating the development of the disease in the future. The study 
boasts several strengths, including a comprehensive dataset comprising genetic data, 
tumor phenotype information, and survival data. However, certain limitations warrant 
consideration. Notably, the absence of comparable studies on associations between these 
polymorphisms and clinicopathological characteristics of CC prevents a direct 
comparison of our results. Additionally, the limited sample size may have influenced the 
robustness of our findings. Furthermore, a notable weakness is the absence of a control 
group, hindering the assessment of CC risk. 

Our investigation indicates a potential link between RRP1B polymorphisms and the 
pathomorphological features of cervical cancer, as well as disease outcomes. The 
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association of these genetic variations with the aggressiveness of cervical cancer 
underlines the importance of considering germline factors in understanding cancer 
behavior. This observation opens avenues for further research to elucidate the 
mechanistic basis of RRP1B’s involvement in metastatic processes and its clinical 
implications. While RRP1B may not traditionally be classified as an oncogene, we believe 
that its inclusion in our investigation offers a unique opportunity to uncover novel facets 
of the disease’s molecular underpinnings. Importantly, our decision to study RRP1B 
stems from a comprehensive approach aimed at elucidating the full spectrum of genetic 
factors contributing to cervical cancer development and progression. We recognize that 
the complexity of cancer biology extends beyond well-established oncogenes, and ex-
ploring genes like RRP1B allows us to broaden our understanding of the disease. 

5. Conclusions 
All investigated RRP1B polymorphisms (rs2838342, rs7276633, rs2051407, rs9306160, 

and rs762400) in our study have the potential to serve as markers for clinical 
characteristics and prognosis in cervical cancer. Among these, three (rs2051407, 
rs9306160, and rs762400) were found to be significant in relation to metastasis, while 
rs2838342 showed potential association with metastasis. Rs2838342, rs7276633, rs2051407, 
and rs762400 showed the assotiations with survival outcomes. Haplotypes analysis was 
in line with the allelic models. These results highlight the intricate interplay between 
genetic factors and clinical dynamics in the progression of tumors. Nevertheless, it is 
crucial to acknowledge that certain comparisons did not attain statistical significance, 
possibly owing to the relatively small sample size. Considering the clinical context is 
imperative, it is essential to interpret the results cautiously, especially for genotypes or 
alleles with borderline significance levels. Our results offer insights for subsequent 
studies on cervical cancer and other cancer types, examining these polymorphisms to 
ascertain their functionality. In the future, SNP detection in RRP1B may serve as a 
predictive tool for assessing the clinical manifestations and prognoses of cervical cancer. 
While evidence is accumulating regarding the significance of genetic variation in the 
etiology and development of cervical cancer, research exploring the role of 
metastasis-related gene variants in cervical cancer is still in its early stages. Further 
investigations are required to validate these observations and gain a comprehensive 
understanding of the underlying biological mechanisms. 

Author Contributions: Conceptualization, E.B., A.I., R.U. and E.J.; Methodology, R.U. and A.I.; 
Formal analysis, E.B., A.I., R.U. and E.J.; Investigation, E.B. and R.U.; Resources, E.B. and A.I.; Data 
Curation, E.B; Writing—Original draft preparation, E.B.; Writing—Review and Editing, A.I., R.U., 
and E.J.; Visualization, E.B.; Supervision, A.I., R.U. and E.J.; Project Administration, Supervision, 
A.I., R.U. and E.J.; Funding Acquisition, E.B. and R.U. All authors have read and agreed to the 
published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The retrospective cohort study of adult patients with cer-
vical cancer was approved by the Kaunas Regional Biomedical Research Ethics Committee (No. 
BE-2-10 and P1-BE-2-10/2014), approved on 7 May 2014. 

Informed Consent Statement: All subjects participating in the study provided informed consent. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Acknowledgments: The authors express their gratitude to the patients, nurses, and colleagues who 
collaborated in the laboratory, employing the real-time PCR technique for this study. 

Conflicts of Interest: The authors report no declaration of interest. 

  



312

Cancers 2024, 16, 1250 28 of 29 
 

 

References 
1. Lifsted, T.; Voyer, T.L.; Williams, M.; Muller, W.J.; Klein-Szanto, A.J.; Buetow, K.H.; Hunter, K.W. Identification of inbred 

mouse strains harboring genetic modifiers of mammary tumor age of onset and metastatic progression. Int. J. Cancer 1998, 77, 
640–644. https://doi.org/10.1002/(sici)1097-0215(19980812)77:4. 

2. Hunter, K.W.; Welch, D.R.; Liu, E.T. Genetic background is an important determinant of metastatic potential. Nat. Genet. 2003, 
34, 23–24. https://doi.org/10.1038/ng0503-23b. 

3. Steeg, P.S. Metastasis suppressors alter the signal transduction of cancer cells. Nat. Rev. Cancer 2003, 3, 55–63. 
https://doi.org/10.1038/nrc967. 

4. Hunter, K.W. Allelic diversity in the host genetic background may be an important determinant in tumor metastatic dissemi-
nation. Cancer Lett. 2003, 200, 97–105. https://doi.org/10.1016/s0304-3835(03)00420-8. 

5. Schadt, E.E.; Monks, S.A.; Drake, T.A.; Lusis, A.J.; Che, N.; Colinayo, V.; Ruff, T.G.; Milligan, S.B.; Lamb, J.; Cavet, G.; et al. 
Genetics of gene expression surveyed in maize, mouse and man. Nature 2003, 422, 297–302. https://doi.org/10.1038/nature01434. 

6. Yang, H.; Crawford, N.P.; Lukes, L.; Finney, R.; Lancaster, M.; Hunter, K.W. Metastasis predictive signature profiles pre-exist in 
normal tissues. Clin. Exp. Metastasis 2005, 22, 593–603. https://doi.org/10.1007/s10585-005-6244-6. 

7. Lancaster, M.; Rouse, J.; Hunter, K.W. Modifiers of mammary tumor progression and metastasis on mouse Chromosomes 7, 9, 
and 17. Mamm. Genome 2005, 16, 120–126. https://doi.org/10.1007/s00335-004-2432-y. 

8. Crawford, N.P.; Qian, X.; Ziogas, A.; Papageorge, A.G.; Boersma, B.J.; Walker, R.C.; Lukes, L.; Rowe, W.; Zhang, J.; Ambs, S.; et 
al. RRP1B, a new candidate susceptibility gene for breast cancer progression and metastasis. PLOS Genet. 2007, 3, e214. 
https://doi.org/10.1371/journal.pgen.0030214. 

9. Crawford, N.P.; Walker, R.C.; Lukes, L.; Officewala, J.S.; Williams, R.W.; Hunter, K.W. The Diasporin Pathway: A tumor pro-
gression-related transcriptional network that predicts breast cancer survival. Clin. Exp. Metastasis 2008, 25, 357–369. 
https://doi.org/10.1007/s10585-008-9146-6. 

10. Park, Y.; Zhao, X.; Lesueur, F.; Lowy, D.R.; Lancaster, M.; Pharoah, P.D.; Qian, X.; Hunter, K.W. Sipa1 is a candidate for un-
derlying the metastasis efficiency modifier locus Mtes1. Nat. Genet. 2005, 37, 1055–1062. https://doi.org/10.1038/ng1635. 

11. Crawford, N.P.; Ziogas, A.; Peel, D.; Hess, J.; Anton-Culver, H.; Hunter, K.W. Germline polymorphisms in SIPA1 are associated 
with metastasis and other indicators of poor prognosis in breast cancer. Breast Cancer Res. 2006, 8, R16. 
https://doi.org/10.1186/bcr1389. 

12. Crawford, N.P.; Yang, H.; Mattaini, K.; Hunter, K.W. The metastasis efficiency modifier ribosomal RNA processing 1 Homolog 
B (RRP1B) is a chromatin-associated factor. J. Biol. Chem. 2009, 284, 28660–28673. https://doi.org/10.1074/jbc.m109.023457. 

13. Lee, M.; Dworkin, A.M.; Lichtenberg, J.; Patel, S.J.; Trivedi, N.; Gildea, D.; Bodine, D.M.; Crawford, N.P. Metastasis-Associated 
Protein Ribosomal RNA Processing 1 Homolog B (RRP1B) Modulates Metastasis through Regulation of Histone Methylation. 
Mol. Cancer Res. 2014, 12, 1818–1828. https://doi.org/10.1158/1541-7786.mcr-14-0167. 

14. Lee, M.; Dworkin, A.M.; Gildea, D.; Trivedi, N.; Moorhead, G.B.G.; Crawford, N.P. RRP1B is a metastasis modifier that regu-
lates the expression of alternative mRNA isoforms through interactions with SRSF1. Oncogene 2013, 33, 1818–1827. 
https://doi.org/10.1038/onc.2013.133. 

15. Felgueiras, J.; Jerónimo, C.; Fardilha, M. Protein phosphatase 1 in tumorigenesis: Is it worth a closer look? Biochim. Biophys. Acta 
(BBA)-Rev. Cancer 2020, 1874, 188433. https://doi.org/10.1016/j.bbcan.2020.188433. 

16. Srivastava, G.; Bajaj, R.; Kumar, G.S.; Gaudreau-Lapierre, A.; Nicolas, H.; Chamousset, D.; Kreitler, D.; Peti, W.; Trin-
kle-Mulcahy, L.; Page, R. The ribosomal RNA processing 1B:protein phosphatase 1 holoenzyme reveals non-canonical PP1 
interaction motifs. Cell Rep. 2022, 41, 111726. https://doi.org/10.1016/j.celrep.2022.111726. 

17. Chamousset, D.; De Wever, V.; Moorhead, G.B.G.; Chen, Y.; Boisvert, F.; Lamond, A.I.; Trinkle-Mulcahy, L. RRP1B Targets PP1 
to Mammalian Cell Nucleoli and Is Associated with Pre-60S Ribosomal Subunits. Mol. Biol. Cell 2010, 21, 4212–4226. 
https://doi.org/10.1091/mbc.e10-04-0287. 

18. Paik, J.C.; Wang, B.; Liu, K.; Lue, J.K.; Lin, W. Regulation of E2F1-induced apoptosis by the nucleolar protein RRP1B. J. Biol. 
Chem. 2010, 285, 6348–6363. https://doi.org/10.1074/jbc.m109.072074. 

19. Grisendi, S.; Mecucci, C.; Falini, B.; Pandolfi, P.P. Nucleophosmin and cancer. Nat. Rev. Cancer 2006, 6, 493–505. 
https://doi.org/10.1038/nrc1885. 

20. Okuwaki, M.; Saito, S.; Hirawake-Mogi, H.; Nagata, K. The interaction between nucleophosmin/NPM1 and the large ribosomal 
subunit precursors contribute to maintaining the nucleolar structure. Biochim. Biophys. Acta (BBA)-Mol. Cell Res. 2021, 1868, 
118879. https://doi.org/10.1016/j.bbamcr.2020.118879. 

21. Crawford, N.P.; Alsarraj, J.; Lukes, L.; Walker, R.C.; Officewala, J.S.; Yang, H.H.; Lee, M.P.; Ozato, K.; Hunter, K.W. Bromo-
domain 4 activation predicts breast cancer survival. Proc. Natl. Acad. Sci. USA 2008, 105, 6380–6385. 
https://doi.org/10.1073/pnas.0710331105. 

22. Alsarraj, J.; Faraji, F.; Geiger, T.; Mattaini, K.; Williams, M.; Wu, J.J.; Ha, N.; Merlino, T.; Walker, R.C.; Bosley, A.D.; et al. BRD4 
Short Isoform Interacts with RRP1B, SIPA1 and Components of the LINC Complex at the Inner Face of the Nuclear Membrane. 
PLoS ONE 2013, 8, e80746. https://doi.org/10.1371/journal.pone.0080746. 

23. Donati, B.; Lorenzini, E.; Ciarrocchi, A. BRD4 and Cancer: Going beyond transcriptional regulation. Mol. Cancer 2018, 17, 164. 
https://doi.org/10.1186/s12943-018-0915-9. 

24. Chiang, S.K.; Chang, W.C.; Chen, S.; Chang, L. DOCK1 Regulates Growth and Motility through the RRP1B-Claudin-1 Pathway 
in Claudin-Low Breast Cancer Cells. Cancers 2019, 11, 1762. https://doi.org/10.3390/cancers11111762. 



313

Cancers 2024, 16, 1250 29 of 29 
 

 

25. Chang, J.; Wang, F.; Chapin, W.; Huang, R.S. Identification of MicroRNAs as Breast Cancer Prognosis Markers through the 
Cancer Genome Atlas. PLoS ONE 2016, 11, e0168284. https://doi.org/10.1371/journal.pone.0168284. 

26. World Health Organization (WHO). Cervical Cancer. 2023. Available online: 
https://www.who.int/news-room/fact-sheets/detail/cervical-cancer (accessed on 7 January 2024). 

27. Arbyn, M.; Weiderpass, E.; Bruni, L.; de Sanjosé, S.; Saraiya, M.; Ferlay, J.; Bray, F. Estimates of incidence and mortality of 
cervical cancer in 2018: A worldwide analysis. Lancet Glob. Health 2020, 8, e191–e203. 

28. Pappa, K.; Kontostathi, G.; Lygirou, V.; Zoidakis, J.; Anagnou, N. Novel structural approaches concerning HPV proteins: In-
sight into targeted therapies for cervical cancer (Review). Oncol. Rep. 2018, 39, 1547–1554. https://doi.org/10.3892/or.2018.6257. 

29. De Sanjosé, S.; Brotons, M.; Pavón, M.Á. The natural history of human papillomavirus infection. Best Pract. Res. Clin. Obstet. 
Gynaecol. 2018, 47, 2–13. https://doi.org/10.1016/j.bpobgyn.2017.08.015. 

30. Drolet, M.; Bénard, É.; Pérez, N.; Brisson, M.; Ali, H.; Boily, M.; Baldo, V.; Brassard, P.; Brotherton, J.; Callander, D.; et al. Pop-
ulation-level impact and herd effects following the introduction of human papillomavirus vaccination programmes: Updated 
systematic review and meta-analysis. Lancet 2019, 394, 497–509. https://doi.org/10.1016/s0140-6736(19)30298-3. 

31. Small, W.; Bacon, M.; Bajaj, A.; Chuang, L.; Fisher, B.J.; Harkenrider, M.M.; Jhingran, A.; Kitchener, H.C.; Mileshkin, L.; 
Viswanathan, A.N.; et al. Cervical cancer: A global health crisis. Cancer 2017, 123, 2404–2412. https://doi.org/10.1002/cncr.30667. 

32. European Centre for Disease Prevention and Control (ECDC). Cervical Cancer Screening in the EU/EEA: Quality Assurance 
and Organization. 2021. Available online: 
https://www.ecdc.europa.eu/en/publications-data/cervical-cancer-screening-eueea-quality-assurance-and-organization (ac-
cessed on 8 January 2024). 

33. Gültekin, M.; Ramírez, P.T.; Broutet, N.; Hutubessy, R. World Health Organization call for action to eliminate cervical cancer 
globally. Int. J. Gynecol. Cancer 2020, 30, 426–427. https://doi.org/10.1136/ijgc-2020-001285. 

34. Aziz, S.Q.; Aziz, M. Cervical cancer metastasis. In Introduction to Cancer Metastasis; Elsevier: Amsterdam, The Netherlands, 
2017; pp. 77–94. https://doi.org/10.1016/b978-0-12-804003-4.00005-0. 

35. Lu, Q.; Takata, Y.; Ou, X.; Cao, D.; Xie, T.; Chen, X. Potential lncRNA diagnostic biomarkers for early gastric cancer. Mol. Med. 
Rep. 2017, 16, 9545–9552. https://doi.org/10.3892/mmr.2017.7770. 

36. Chen, H.; Yuan, X.; Zhou, L.; Huang, J.; Tao, L.; Cheng, L.; Tian, J. Cisplatin and paclitaxel target significant long noncoding 
RNAs in laryngeal squamous cell carcinoma. Med. Oncol. 2014, 31, 246. https://doi.org/10.1007/s12032-014-0246-7. 

37. Saito, Y.; Kasamatsu, A.; Yamamoto, A.; Shimizu, T.; Yokoe, H.; Sakamoto, Y.; Ogawara, K.; Shiiba, M.; Tanzawa, H.; Uzawa, K. 
ALY as a potential contributor to metastasis in human oral squamous cell carcinoma. J. Cancer Res. Clin. Oncol. 2012, 139, 
585–594. https://doi.org/10.1007/s00432-012-1361-5. 

38. Florentin, J.; Zhao, J.; Tai, Y.; Sun, W.; Ohayon, L.; O’Neil, S.; Arunkumar, A.; Zhang, X.; Zhu, J.; Aaraj, Y.A.; et al. Loss of 
Amphiregulin drives inflammation and endothelial apoptosis in pulmonary hypertension. Life Sci. Alliance 2022, 5, e202101264. 
https://doi.org/10.26508/lsa.202101264. 

39. Li, H.; Yang, L. Identification of novel immune infiltration-related biomarkers of sepsis based on bioinformatics analysis. Cell. 
Mol. Biol. 2023, 69, 205–209. https://doi.org/10.14715/cmb/2023.69.12.33. 

40. Wain, L.V.; Vaez, A.; Jansen, R.C.; Joehanes, R.; Van Der Most, P.J.; Erzurumluoglu, A.M.; O’Reilly, P.F.; Cabrera, C.; Warren, 
H.R.; Rose, L.M.; et al. Novel blood pressure locus and gene discovery using Genome-Wide association study and expression 
data sets from blood and the kidney. Hypertension 2017, 70, e4–e19. https://doi.org/10.1161/hypertensionaha.117.09438. 

41. Iniesta, R.; Campbell, D.; Venturini, C.; Faconti, L.; Singh, S.; Irvin, M.R.; Cooper-DeHoff, R.M.; Johnson, J.A.; Turner, S.T.; 
Arnett, D.K.; et al. Gene variants at LOCI related to blood pressure account for variation in response to antihypertensive drugs 
between black and white individuals. Hypertension 2019, 74, 614–622. https://doi.org/10.1161/hypertensionaha.118.12177. 

42. Salemi, M.; Barone, C.; Romano, C.; Zolezzi, F.; Romano, C.; Scavuzzo, C.; Salluzzo, R.; Scillato, F.; Signorelli, M.; Kapetis, D.; et 
al. Gene expression profiling and qRT-PCR expression of RRP1B, PCNT, KIF21A and ADRB2 in leucocytes of Down’s syn-
drome subjects. J. Genet. 2012, 93 (Suppl. S1), 18–23. https://doi.org/10.1007/s12041-012-0132-z. 

43. Hsieh, S.; Look, M.P.; Sieuwerts, A.M.; Foekens, J.A.; Hunter, K.W. Distinct inherited metastasis susceptibility exists for dif-
ferent breast cancer subtypes: A prognosis study. Breast Cancer Res. 2009, 11. https://doi.org/10.1186/bcr2412. 

44. Nanchari, S.R.; Cingeetham, A.; Meka, P.; Surekha, D.; Tipirisetti, N.; Padala, C.; Annamaneni, S.; Hanumanth, S.R.; Digu-
marthi, R.R.; Satti, V. Rrp1B gene polymorphism (1307T>C) in metastatic progression of breast cancer. Tumor Biol. 2014, 36, 
615–621. https://doi.org/10.1007/s13277-014-2613-6. 

45. Ugenskienė, R.; Myrzaliyeva, D.; Jankauskaitė, R.; Gedminaitė, J.; Jančiauskienė, R.; Šepetauskienė, E.; Juozaitytė, E. The con-
tribution of SIPA1 and RRP1B germline polymorphisms to breast cancer phenotype, lymph node status and survival in a group 
of Lithuanian young breast cancer patients. Biomarkers 2016, 21, 363–370. https://doi.org/10.3109/1354750x.2016.1141989. 

46. Al-Husseini RM, A.; Hussain, R.A.; Abed, A.M. Assess the contribution of ribosomal RNA processing 1B gene polymorphisms 
in breast cancer in Iraqi patients. Ann. Biol. 2020, 36, 26–33. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 



314 314 

SUPPLEMENTS 

Supplementary Picture 1. Ethics Committee Approval. 

  



315 314 

SUPPLEMENTS 

Supplementary Picture 1. Ethics Committee Approval. 

  

 315 

Supplementary Figure 1. Cervical cancer questionnaire. 

 

KLAUSIMYNAS 

GIMDOS KAKLELIO VĖŽYS

1)	 Gydytojo	vardas,	pavardė,	parašas:

...........................................................................................................................................................

2)	 Data:

DOKUMENTINĖ DALIS

3)	 Paciento	vardas,	pavardė:	  ............................................................................................

4)	 Adresas:	  ............................................................................................

   ............................................................................................

5)	 Telefonas:

6) Gyvenamoji aplinka  Kaimas  Miestas
(pažymėti ):

7)	 Svoris	(kg):

8)	 Ūgis	(cm):

9)	 Paciento	kortelės	numeris:

10)	Asmens	kodas:

11)	Paciento	numeris 
(pateiktas atskirame lape):

12)	Gimimo	data:

13) Lytis (pažymėti ):	  Vyras  Moteris

14)	Paciento	tautybė	(pažymėti ):	  Lietuvių	  Baltarusų
  Latvių	  Suomių
  Lenkų	  Žydų/Izraelitų
  Estų	  Totorių
  Rusų	  Vokiečių
  Ukrainiečių	  Kita......................................................

15)	Tėvo	tautybė	(pažymėti ):	  Lietuvių	  Baltarusų
  Latvių	  Suomių
  Lenkų	  Žydų/Izraelitų
  Estų	  Totorių
  Rusų	  Vokiečių
  Ukrainiečių	  Kita......................................................

metai mėnuo diena

metai mėnuo diena

KLAUSIMYNAS 

GIMDOS KAKLELIO VĖŽYS

1)	 Gydytojo	vardas,	pavardė,	parašas:

...........................................................................................................................................................

2)	 Data:

DOKUMENTINĖ DALIS

3)	 Paciento	vardas,	pavardė:	  ............................................................................................

4)	 Adresas:	  ............................................................................................

   ............................................................................................

5)	 Telefonas:

6) Gyvenamoji aplinka  Kaimas  Miestas
(pažymėti ):

7)	 Svoris	(kg):

8)	 Ūgis	(cm):

9)	 Paciento	kortelės	numeris:

10)	Asmens	kodas:

11)	Paciento	numeris 
(pateiktas atskirame lape):

12)	Gimimo	data:

13) Lytis (pažymėti ):	  Vyras  Moteris

14)	Paciento	tautybė	(pažymėti ):	  Lietuvių	  Baltarusų
  Latvių	  Suomių
  Lenkų	  Žydų/Izraelitų
  Estų	  Totorių
  Rusų	  Vokiečių
  Ukrainiečių	  Kita......................................................

15)	Tėvo	tautybė	(pažymėti ):	  Lietuvių	  Baltarusų
  Latvių	  Suomių
  Lenkų	  Žydų/Izraelitų
  Estų	  Totorių
  Rusų	  Vokiečių
  Ukrainiečių	  Kita......................................................

metai mėnuo diena

metai mėnuo diena
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16)	Motinos	tautybė	(pažymėti ):	  Lietuvių	  Baltarusų
  Latvių	  Suomių
  Lenkų	  Žydų/Izraelitų
  Estų	  Totorių
  Rusų	  Vokiečių
  Ukrainiečių	  Kita......................................................

KLINIKINIAI DUOMENYS

17)	Diagnozė	nustatyta	pirmą	kartą:

18)		Gimdos	kaklelio	vėžio		 T	kategorija 
klasifikacija pagal TNM   
sistemą	(įrašyti klinikinis (c)  N kategorija
ar patologinis (p) TNM)  
 M kategorija 
 

19)	Naviko	histologinė	forma		  Plokščialąstelinė	karcinoma 
(pažymėti ):	  Adenokarcinoma 
  Kita (patikslinti) .............................................................

20) Naviko diferenciacijos  G1  G3
laipsnis (pažymėti ):  G2  G4

21)	Naviko	invazija	į	  V0 
kraujagysles	(V)	(pažymėti ):	  V1

22)	Naviko	invazija	į	  L0 
limfagysles (L) (pažymėti ):	  L1

23)	Ar	vėžys	išplitęs	į	kitus	  TAIP  NE
organus	(pažymėti )?   Kepenis   Lokalus
   Plaučius	 	  Kita .............................

    Pilvo	ertmės	organus
    .......................................................................................
    .......................................................................................
    Kitus	organus.............................................................
24)	Kiti	onkologiniai	susirgimai	  TAIP  NE 

(pažymėti ):

 Jei TAIP, nurodykite 	Kraujo	vėžys 	Storosios	žarnos	vėžys 
(pažymėti ): 	Stemplės	vėžys 	Skrandžio	vėžys 
 	Kepenų	vėžys 	Kiaušidžių	vėžys 
 	Šlapimo	pūslės	vėžys 	Gimdos	vėžys 
 	Krūties	vėžys 	Prostatos	vėžys 
 	Plaučių	vėžys  Kita ..................................

metai mėnuo diena
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25)	Chirurginis	gydymas		  TAIP  NE 
(pažymėti ):

	 Data:

	 arba	amžius	(metais):

26) Operacija (pažymėti ):		  Radikali  Neradikali
	 Operacijos	tipas:	  ............................................................................................
 pTNM  ............................................................................................

27)	Ar	sergate	lėtinėmis	ligomis			  TAIP  NE 
(pažymėti ):

 Jei TAIP, nurodykite kokiomis  ............................................................................................
  ............................................................................................

 Kada ši liga buvo diagnozuota?

28)	Rūkymas	(pažymėti ):		 	Rūkantis	 	Nerūkantis	 	Rūkęs	anksčiau

 Jei rūkote/rūkėte anksčiau:	 Kiek	metų:		nuo....................	iki	.................... 
	 Kiek	cigarečių	per	dieną:	....................

29) Alkoholio vartojimas  Vartojantis kasdien 
(pažymėti ):	 	Vartojantis,	bet	nereguliariai 
  Negeriantis

 Jei vartojate:	 Kiek	metų:		nuo....................	iki	....................

Jūs	išgeriate	–	2	taures	(200	ml)	vyno	arba	1	butelį	alaus	
arba	100	ml	stipriųjų	gėrimų	(degtinės,	konjako,	romo	ar	
kt.) (pažymėti ):

   Kiekvieną	dieną	  1	kartą	per	3	mėnesius 
  1	kartą	per	savaitę	  1	kartą	per	6	mėnesius 
  1	kartą	per	mėnesį	  1	kartą	per	1	metus

30)	Adjuvantinis	ar	neoadjuvantinis		 Gydymo	rūšis Gydymo laikotarpis 
gydymas  .............................  ..............................

31)	Gydomoji	chemoterapija	 Gydymo	rūšis Gydymo laikotarpis Atsakas 
(chemoterapijos	rūšis)	  (PA, DA, SL, PL)

	 I	eilė	  .............................  ..............................   ...........................
II	eilė	  .............................  ..............................   ...........................
III	eilė	  .............................  ..............................   ...........................

32)	Biologinė	terapija	 Biologinės	 Gydymo laikotarpis Atsakas 
	 terapijos	rušis  (PA, DA, SL, PL)

   .............................  ..............................   ...........................

33)	Spindulinė	terapija	 Biologinės	 Gydymo laikotarpis Atsakas 
	 terapijos	rušis  (PA, DA, SL, PL)

   .............................  ..............................   ...........................

metai mėnuo diena

metai mėnuo diena
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Supplementary Figure 2. Patient informed consent form. 

Informuotojo asmens sutikimo forma 
Protokolo numeris, versija: Nr. 02 BB, versija II, 2015.10.10 

Planuojamo tyrimo pavadinimas: „Onkologinių ligų tiriamosios medžiagos biobankas“ 
 
Tiriamojo vardas, pavardė: ...................................................................................................  

Adresas: ...................................................................................................................................  
 
Perskaičiau pateiktą informaciją apie tyrimą „Onkologinių ligų tiriamosios medžiagos 
biobankas“, kurio užsakovas yra LSMU MA MF Onkologijos institutas. Gavau šių 
dokumentų po vieną kopiją: tiriamųjų informavimo lapą ir šią informuotojo asmens sutikimo 
formą. Turėjau galimybę aptarti tyrimą su tyrėju ir užduoti jam klausimus.  
 
Suprantu, kad šiuo biomedicininio tyrimo metu bus kaupiamas biobankas t.y. pacientų 
biologinė medžiaga ir medicininė informacija, ji tiriama analizuojama ir panaudojama 
moksliniams tyrimams. Šio biomedicininiu tyrimu siekiama gerinti vėžio biologijos žinias, 
kurias tikimasi ateityje pritaikyti klinikinėje praktikoje. Suprantu, kad iš paimtos medžiagos 
bus atliekami specialūs tyrimai, apie kuriuos man buvo paaiškinta. Taip pat buvau 
supažindintas (-a) su visais galimais šalutiniais reiškiniais ar komplikacijomis. 
 
Suprantu, kad mano dalyvavimas tyrime ir mano individualūs tyrimo duomenys liks 
paslaptyje. Pasinaudoti šiais duomenimis galės tik tyrėjas, arba (kai reikės) tyrimą finansavęs 
rėmėjas. 
Esu informuotas/-a, kad už dalyvavimą tyrime ir su tyrimu susijusios išlaidos nebus 
apmokamos. 
Sąmoningai ir laisva valia sutinku dalyvauti tyrime, kuris man buvo išaiškintas. 
 
Tiriamasis (arba atsakingas asmuo): 
 ..................................................................................................................................................  
 (Vardas, pavardė) (Parašas) (Data) 
 
Aš, tyrėjas, atsakingas už šį tyrimą, patvirtinu, kad paaiškinau anksčiau minėtam asmeniui 
būsimojo tyrimo esmę ir tikslą. 
 
Tyrėjas: 

 ..................................................................................................................................................  
 (Vardas, pavardė) (Parašas) (Data) 
 
 
Jeigu Jums iškilo problemų dėl šio tyrimo, prašome pranešti: 
Tyrėjui med. dr. Rasai Ugenskienei Tel.: 8 37 787317 
arba  
Kauno regioniniam biomedicininių tyrimų etikos komitetui Tel.: 8 37 326889  



319 318 

Supplementary Figure 2. Patient informed consent form. 

Informuotojo asmens sutikimo forma 
Protokolo numeris, versija: Nr. 02 BB, versija II, 2015.10.10 

Planuojamo tyrimo pavadinimas: „Onkologinių ligų tiriamosios medžiagos biobankas“ 
 
Tiriamojo vardas, pavardė: ...................................................................................................  

Adresas: ...................................................................................................................................  
 
Perskaičiau pateiktą informaciją apie tyrimą „Onkologinių ligų tiriamosios medžiagos 
biobankas“, kurio užsakovas yra LSMU MA MF Onkologijos institutas. Gavau šių 
dokumentų po vieną kopiją: tiriamųjų informavimo lapą ir šią informuotojo asmens sutikimo 
formą. Turėjau galimybę aptarti tyrimą su tyrėju ir užduoti jam klausimus.  
 
Suprantu, kad šiuo biomedicininio tyrimo metu bus kaupiamas biobankas t.y. pacientų 
biologinė medžiaga ir medicininė informacija, ji tiriama analizuojama ir panaudojama 
moksliniams tyrimams. Šio biomedicininiu tyrimu siekiama gerinti vėžio biologijos žinias, 
kurias tikimasi ateityje pritaikyti klinikinėje praktikoje. Suprantu, kad iš paimtos medžiagos 
bus atliekami specialūs tyrimai, apie kuriuos man buvo paaiškinta. Taip pat buvau 
supažindintas (-a) su visais galimais šalutiniais reiškiniais ar komplikacijomis. 
 
Suprantu, kad mano dalyvavimas tyrime ir mano individualūs tyrimo duomenys liks 
paslaptyje. Pasinaudoti šiais duomenimis galės tik tyrėjas, arba (kai reikės) tyrimą finansavęs 
rėmėjas. 
Esu informuotas/-a, kad už dalyvavimą tyrime ir su tyrimu susijusios išlaidos nebus 
apmokamos. 
Sąmoningai ir laisva valia sutinku dalyvauti tyrime, kuris man buvo išaiškintas. 
 
Tiriamasis (arba atsakingas asmuo): 
 ..................................................................................................................................................  
 (Vardas, pavardė) (Parašas) (Data) 
 
Aš, tyrėjas, atsakingas už šį tyrimą, patvirtinu, kad paaiškinau anksčiau minėtam asmeniui 
būsimojo tyrimo esmę ir tikslą. 
 
Tyrėjas: 

 ..................................................................................................................................................  
 (Vardas, pavardė) (Parašas) (Data) 
 
 
Jeigu Jums iškilo problemų dėl šio tyrimo, prašome pranešti: 
Tyrėjui med. dr. Rasai Ugenskienei Tel.: 8 37 787317 
arba  
Kauno regioniniam biomedicininių tyrimų etikos komitetui Tel.: 8 37 326889  
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Supplementary Table 13. Cox’s univariate muodel: TLR4 genotypes and 
alleles for PFS and OS. 

SNP Genotype/allele 
Progression-free survival Overall survival 

HR 95% CI p-value HR 95% CI p-value 

rs10759932 

TC vs. TT 0.884 0.472–1.653 0.699 0.818 0.382–1.752 0.606 
CC vs. TT 2.918 0.894–9.530 0.049 3.340 1.006–11.095 0.048 
T allele+ vs. T– 0.331 0.103–1.067 0.048 0.284 0.087–0.928 0.037 
C allele+ vs. C– 1.012 0.564–1.816 0.967 1.012 0.509–2.010 0.973 

rs1927906 

TC vs. TT 0.975 0.498–1.910 0.975 0.695 0.306–1.576 0.383 
CC vs. TT 2.584 0.352–18.949 0.350 3.081 0.417–22.761 0.383 
T allele+ vs. T– 0.385 0.053–2.807 0.346 0.301 0.041–2.216 0.239 
C allele+ vs. C– 1.028 0.537–1.971 0.933 0.770 0.354–1.673 0.509 

rs11536898 

CA vs. CC 1.103 0.586–2.073 0.762 1.294 0.636–2.633 0.476 
AA vs. CC 3.926 1.201–12.837 0.024 5.057 1.522–16.802 0.008 
C allele+ vs. C– 0.261 0.081–0.844 0.025 0.212 0.065–0.691 0.010 
A allele+ vs. A– 1.274 0.707–2.295 0.420 1.545 0.803–2.971 0.193 

rs10983755 

AG vs. GG 0.508 0.123–2.097 0.349 0.341 0.043–2.290 0.253 
AA vs. GG * * * * * * 
G allele+ vs. G– 0.000 0.000 1.000 0.000 0.000 1.000 
A allele+ vs. A– 0.508 0.123–2.097 0.349 0.341 0.043–2.290 0.253 

rs4986790 

AG vs. AA 1.482 0.716–3.069 0.290 1.062 0.444–2.542 0.892 
GG vs. AA 2.767 0.378–20.275 0.316 3.346 0.453–24.696 0.236 
A allele+ vs. A– 0.385 0.053–2.807 0.346 0.301 0.041–2.216 0.239 
G allele+ vs. G– 1.554 0.774–3.123 0.215 1.178 0.520–2.669 0.695 

rs4986791 

TC vs. CC 1.426 0.689–2.952 0.339 1.029 0.430–2.461 0.950 
TT vs. CC 2.752 0.376–20.165 0.319 3.331 0.451–24.582 0.238 
C allele+ vs. C– 1.499 0.746–3.010 0.256 0.301 0.041–2.216 0.239 
T allele+ vs. T– 0.385 0.053–2.807 0.346 1.142 0.504–2.587 0.750 

rs11536897 

AG vs. GG 0.425 0.058–3.084 0.397 1.314 0.316–5.454 0.707 
AA vs. GG * * * * * * 
G allele+ vs. G– 0.000 0.000 1.000 0.000 0.000 1.000 
A allele+ vs. A– 0.425 0.058–3.084 0.397 1.314 0.316–5.454 0.707 

*OR could not be estimated because of zero value within a cell. 
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Supplementary Table 14. Cox’s univariate model for TLR4, SRSF1, and 
HOTAIR haplotypes in PFS and OS. 

Gene/ 
haplotype Diplolotypes 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

TLR4/ACT 

ACT haplotype non-carriers 
vs. homozygous diplotype 
(ACT/ACT) 

0.632 0.086–
4.649 

0.652 3.020 0.409–
22.320 

0.279 

Heterozygous diplotype 
(ACT/alternative hap) vs. 
homozygous diplotype 
(ACT/ACT) 

1.183 0.600–
2.333 

0.627 0.705 0.311–
1.599 

0.403 

SRSF1/ 
CTGA 

CTGA haplotype non-carriers 
vs. homozygous diplotype 
(CTGA/CTGA) 

1.836 0.245–
13.733 

0.554 0.000 0.000 0.972 

Heterozygous diplotype 
(CTGA/alternative hap) vs. 
homozygous diplotype 
(CTGA/CTGA) 

0.686 0.364–
1.295 

0.245 0.744 0.354–
1.566 

0.436 

HOTAIR/ 
CGG 

CGG haplotype non-carriers 
vs. (Heterozygous diplotype 
(CGG/alternative hap) 

1.171 0.665–
2.062 

0.585 1.231 0.661–
2.290 

0.512 

HOTAIR/ 
CGA 

CGA haplotype non-carriers 
vs. homozygous diplotype 
(CGA/CGA) 

0.691 0.386-
1.240 

0.215 0.593 0.317–
1.110 

0.102 

Heterozygous diplotype 
(CGA/alternative hap) vs. 
homozygous diplotype 
(CGA/CGA) 

* * * 0.000 0.000 0.976 

HOTAIR/ 
TCA 

TCA haplotype non-carriers 
vs. (Heterozygous diplotype 
(TCA /alternative hap) 

1.077 0.614–
1.888 

0.795 1.119 0.594–
2.107 

0.728 

*OR could not be estimated because of zero value within a cell. 
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Supplementary Table 14. Cox’s univariate model for TLR4, SRSF1, and 
HOTAIR haplotypes in PFS and OS. 

Gene/ 
haplotype Diplolotypes 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 
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*OR could not be estimated because of zero value within a cell. 
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Supplementary Table 15. Cox’s univariate model for RRP1B rs2838342, 
rs7276633, rs2051407, rs9306160, and rs762400 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

rs2838342 

AG vs. AA 0.560 0.303–1.036 0.065 0.742 0.358–1.539 0.423 
GG vs. AA 1.155 0.545–2.447 0.706 1.824 0.827–4.025 0.137 
A allele+ vs. A– 1.572 0.784–3.151 0.202 0.465 0.232–0.931 0.031 
G allele+ vs. G– 0.682 0.391–1.187 0.176 0.990 0.516–1.899 0.977 

rs7276633 

TC vs. TT 0.577 0.312–1.066 0.079 0.763 0.368–1.582 0.467 
CC vs. TT 1.176 0.555–2.490 0.673 1.854 0.840–4.090 0.126 
T allele+ vs. T– 0.636 0.317–1.275 0.202 0.465 0.232–0.931 0.031 
C allele+ vs. C– 0.700 0.402–1.219 0.208 1.015 0.529–1.946 0.964 

rs2051407 

CT vs. CC 0.556 0.302–1.026 0.060 0.813 0.397–1.667 0.573 
TT vs. CC 1.314 0.604–2.842 0.488 2.144 0.959–4.793 0.063 
C allele+ vs. C– 0.568 0.275–1.175 0.127 0.418 0.204–0.858 0.017 
T allele+ vs. T– 0.689 0.397–1.194 0.184 1.081 0.568–2.056 0.812 

rs9306160 

CT vs. CC 0.647 0.352–1.187 0.160 0.856 0.418–1.751 0.669 
TT vs. CC 1.357 0.595–3.092 0.468 2.213 0.943–5.193 0.068 
C allele+ vs. C– 0.613 0.286–1.314 0.208 0.498 0.229–1.084 0.079 
T allele+ vs. T– 0.705 0.399–1.245 0.228 0.915 0.476–1.758 0.789 

rs762400 

GC vs. GG 0.613 0.336–1.117 0.110 0.917 0.451–1.866 0.811 
CC vs. GG 1.443 0.642–3.240 0.375 2.550 1.098–5.923 0.030 
G allele+ vs. G– 0.537 0.251–1.147 0.108 0.374 0.177–0.788 0.010 
C allele+ vs. C– 0.734 0.422–1.275 0.272 1.178 0.613–2.263 0.624 

Supplementary Table 16. Cox’s univariate model for SIPA1 rs746429, 
rs931127, and rs3741378 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

rs746429 

GA vs. GG 1.103 0.568–2.144 0.771 1.460 0.678–3.147 0.334 
AA vs. GG 0.876 0.374–2.056 0.762 1.076 0.399–2.897 0.886 
G allele+ vs. G– 1.219 0.591–2.512 0.592 1.208 0.533–2.735 0.651 
A allele+ vs. A– 1.037 0.548–1.961 0.912 1.352 0.642–2.846 0.427 

rs931127 

AG vs. AA 1.068 0.574–1.988 0.835 0.975 0.497–1.911 0.940 
GG vs. AA 1.313 0.539–3.197 0.548 0.823 0.271–2.505 0.732 
A allele+ vs. A– 0.793 0.355–1.768 0.570 1.196 0.425–3.365 0.735 
G allele+ vs. G– 1.112 0.612–2.018 0.728 0.947 0.494–1.819 0.871 

rs3741378 

CT vs. CC 0.735 0.329–1.640 0.452 0.955 0.422–2.160 0.912 
TT vs. CC 0.907 0.125–6.603 0.923 0.000 0.000 0.976 
C allele+ vs. C– 1.049 0.145–7.610 0.963 21.233 0.003–152176.036 0.500 
T allele+ vs. T– 0.801 0.375–1.711 0.567 0.895 0.396–2.024 0.790 
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Supplementary Table 17. Cox’s univariate model for SRSF1 rs8819, 
rs34592492, rs11654058, rs2233908, and rs2585828 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

rs8819 

CT vs. CC 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
TT vs. CC 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
C allele+ vs. C– 1.542 0.212–11.189 0.669 21.204 0.010–46672.572 0.437 
T allele+ vs. T– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

rs34592492 

GC vs. GG 0.576 0.243–1.364 0.210 0.772 0.237–2.515 0.667 
CC vs. GG 2.869 0.378–21.759 0.308 19.947 2.489–159.836 0.005 
G allele+ vs. G– 0.328 0.043–2.483 0.022 0.043 0.005–0.348 0.003 
C allele+ vs. C– 1.649 0.760–3.578 0.206 0.977 0.346–2.755 0.965 

rs11654058 

TC vs. TT 1.001 0.469–2.137 0.998 0.687 0.269–1.757 0.434 
CC vs. TT 0.000 0.000 0.974 0.000 0.000 0.977 

T allele+ vs. T– 20.978 0.006–
72840.189 0.464 20.977 0.003–161440.498 0.505 

C allele+ vs. C– 0.869 0.407–1.855 0.716 0.600 0.235–1.533 0.286 

rs2233908 

GA vs. GG 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
AA vs. GG 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
G allele+ vs. G– 1.542 0.212–11.189 0.669 21.204 0.020–46672.572 0.437 
A allele+ vs. A– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

rs2585828 

AG vs. AA 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
GG vs. AA 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
A allele+ vs. A– 1.542 0.212–11.189 0.669 21.204 0.010–46672.572 0.437 
G allele+ vs. G– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

Supplementary Table 18. Cox’s univariate model for HOTAIR rs12826786, 
rs7958904, and rs920778 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

rs12826786 

CT vs. CC 0.848 0.480–1.498 0.570 0.708 0.369–1.358 0.299 
TT vs. CC 0.410 0.093–1.797 0.237 0.477 0.142–1.605 0.232 
C allele+ vs. C– 2.260 0.525–9.726 0.274 1.777 0.546–5.779 0.339 
T allele+ vs. T– 0.785 0.451–1.367 0.393 0.658 0.354–1.226 0.188 

rs7958904 

CG vs. GG 0.726 0.403–1.307 0.286 0.668 0.350–1.275 0.221 
CC vs. GG 0.350 0.076–1.606 0.177 0.405 0.119–1.383 0.149 
G allele+ vs. G– 2.260 0.525–9.726 0.274 1.958 0.602–6.372 0.264 
C allele+ vs. C– 0.691 0.386–1.240 0.215 0.615 0.329–1.150 0.128 

rs920778 

AG vs. GG 2.071 0.474–9.060 0.333 1.648 0.487–5.581 0.422 
AA vs. GG 2.854 0.623–13.077 0.177 2.468 0.723–8.423 0.149 
G allele+ vs. G– 0.691 0.386–1.240 0.215 0.615 0.329–1.150 0.128 
A allele+ vs. A– 2.260 0.525–9.726 0.274 1.958 0.602–6.372 0.264 
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Supplementary Table 17. Cox’s univariate model for SRSF1 rs8819, 
rs34592492, rs11654058, rs2233908, and rs2585828 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 
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CT vs. CC 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
TT vs. CC 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
C allele+ vs. C– 1.542 0.212–11.189 0.669 21.204 0.010–46672.572 0.437 
T allele+ vs. T– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

rs34592492 

GC vs. GG 0.576 0.243–1.364 0.210 0.772 0.237–2.515 0.667 
CC vs. GG 2.869 0.378–21.759 0.308 19.947 2.489–159.836 0.005 
G allele+ vs. G– 0.328 0.043–2.483 0.022 0.043 0.005–0.348 0.003 
C allele+ vs. C– 1.649 0.760–3.578 0.206 0.977 0.346–2.755 0.965 

rs11654058 

TC vs. TT 1.001 0.469–2.137 0.998 0.687 0.269–1.757 0.434 
CC vs. TT 0.000 0.000 0.974 0.000 0.000 0.977 

T allele+ vs. T– 20.978 0.006–
72840.189 0.464 20.977 0.003–161440.498 0.505 

C allele+ vs. C– 0.869 0.407–1.855 0.716 0.600 0.235–1.533 0.286 
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GA vs. GG 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
AA vs. GG 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
G allele+ vs. G– 1.542 0.212–11.189 0.669 21.204 0.020–46672.572 0.437 
A allele+ vs. A– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

rs2585828 

AG vs. AA 1.070 0.577–1.984 0.831 0.774 0.368–1.629 0.500 
GG vs. AA 0.660 0.090–4.827 0.683 0.000 0.000 0.973 
A allele+ vs. A– 1.542 0.212–11.189 0.669 21.204 0.010–46672.572 0.437 
G allele+ vs. G– 1.027 0.562–1.876 0.931 0.687 0.326–1.446 0.323 

Supplementary Table 18. Cox’s univariate model for HOTAIR rs12826786, 
rs7958904, and rs920778 in PFS and OS. 

SNP Genotype/ 
allele 

Progression-free survival Overall survival 
HR 95% CI p-value HR 95% CI p-value 

rs12826786 

CT vs. CC 0.848 0.480–1.498 0.570 0.708 0.369–1.358 0.299 
TT vs. CC 0.410 0.093–1.797 0.237 0.477 0.142–1.605 0.232 
C allele+ vs. C– 2.260 0.525–9.726 0.274 1.777 0.546–5.779 0.339 
T allele+ vs. T– 0.785 0.451–1.367 0.393 0.658 0.354–1.226 0.188 

rs7958904 

CG vs. GG 0.726 0.403–1.307 0.286 0.668 0.350–1.275 0.221 
CC vs. GG 0.350 0.076–1.606 0.177 0.405 0.119–1.383 0.149 
G allele+ vs. G– 2.260 0.525–9.726 0.274 1.958 0.602–6.372 0.264 
C allele+ vs. C– 0.691 0.386–1.240 0.215 0.615 0.329–1.150 0.128 

rs920778 

AG vs. GG 2.071 0.474–9.060 0.333 1.648 0.487–5.581 0.422 
AA vs. GG 2.854 0.623–13.077 0.177 2.468 0.723–8.423 0.149 
G allele+ vs. G– 0.691 0.386–1.240 0.215 0.615 0.329–1.150 0.128 
A allele+ vs. A– 2.260 0.525–9.726 0.274 1.958 0.602–6.372 0.264 
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Supplementary Table 19. Cox’s univariate model for MALAT1 rs619586, 
rs664589, and rs3200401 in PFS and OS. 

SNP Genotype/Allele 
Progression-free survival Overall survival 

HR 95% CI p-value HR 95% CI p-value 

rs619586 

AG vs. AA 0.696 0.215–2.257 0.546 1.401 0.431–4.558 0.575 
GG vs. AA * * * * * * 
A allele+ vs. A– * * * * * * 
G allele+ vs. G– 0.696 0.215–2.257 0.546 1.401 0.431–4.558 0.575 

rs664589 

GC vs. CC 1.318 0.316–5.489 0.705 1.368 0.328–5.701 0.667 
GG vs. CC 3.093 0.408–23.462 0.275 12.212 1.594–93.558 0.016 
C allele+ vs. C– 0.328 0.043–2.483 0.280 0.083 0.11–0.637 0.017 
G allele+ vs. G– 1.624 0.497–5.304 0.422 1.936 0.594–6.316 0.273 

rs3200401 

TC vs. CC 1.638 0.757–3.542 0.210 0.786 0.347–1.778 0.563 
TT vs. CC * * * 0.000 0.000 0.977 

C allele+ vs. C– * * * 20.553 0.000–
16524928.940 0.663 

T allele+ vs. T– 1.638 0.757–3.542 0.210 0.748 0.331–1.694 0.487 

*OR could not be estimated because of zero value within a cell. 
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