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2. SUMMARY 

Author: Sania Brintha Smith  

Research Title: CDKN gene family variants and their association with cervical cancer prognosis 

Research Aim: To investigate single nucleotide polymorphisms (SNPs) in the CDKN gene family and 

their association with cervical cancer prognosis. 

Research Objectives:  

1.​ To determine the distribution of genotypes and alleles of CDKN1A rs1059234, CDKN2A 

rs3088440, CDKN2B rs3217986, and CDKN2C rs12855 in a cervical cancer cohort. 

2.​ To investigate associations between analysed SNPs and clinicopathological features of cervical 

cancer. 

3.​ To evaluate the prognostic significance of these SNPs for patient survival.  

Study Participants: 165 patients with cervical cancer treated at the Hospital of Lithuanian University 

of Health Sciences Kaunas Clinics between 2014 and 2020. Peripheral blood-derived genomic DNA 

was extracted and stored in the biobank of the Institute of Oncology, LSMU.  

Methodology: CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, and CDKN2C 

rs12855 were genotyped using the TaqMan SNP Genotyping Assay on a Quant Studio 3 Real-Time 

PCR System. Associations with clinicopathological features and outcomes were assessed by Pearson 

chi-square, Fisher exact test, and binary logistic regression. Survival was analysed using Kaplan-Meier 

with log-rank test and Cox proportional hazards regression (univariate and multivariate models). A 

p-value <0.05 was considered statistically significant. Analysis was performed using IBM SPSS 

Statistics 30.0.0.0. 

Results: No significant associations were identified between any SNP and clinicopathological features, 

except CDKN2C rs12855, the CT genotype was associated with lower mortality risk versus CC (OR 

0.120, p=0.045), confirmed on multivariate logistic regression (OR 0.086, p=0.032). rs12855 CT 

demonstrated significantly longer OS by Kaplan-Meier (log-rank p=0.020), lower hazard of death in 

univariate Cox regression (HR 0.134, p=0.048), and remained independently protective after age 

adjustment (HR 0.126, p=0.042). 

Conclusion: Major alleles predominated across all four polymorphisms. CDKN1A rs1059234 was not 

a prognostic factor. Under combined genotype models, CDKN2A rs3088440 (GA+AA vs GG) and 

CDKN2B rs3217986 (TG+GG vs TT) did not reach statistical significance in any survival analysis. 

CDKN2C rs12855 CT genotype was the sole independent prognostic finding, demonstrating a 

consistent protective association with OS. 
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SANTRAUKA 

Autorė: Sania Brintha Smith  

Tyrimo pavadinimas: CDKN genų šeimos variantų sąsajos su gimdos kaklelio vėžio prognoze 

Tyrimo tikslas: Ištirti vieno nukleotida polimorfizmus (SNP) CDKN genų šeimoje ir jų sąsają su 

gimdos kaklelio vėžio prognoze.  

Tyrimo uždaviniai: 

1.​ Nustatyti CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986 ir CDKN2C 

rs12855 genotipų ir alelių pasiskirstymą gimdos kaklelio vėžio kohortoje. 

2.​ Ištirti analizuotų SNP ir gimdos kaklelio vėžio klinikopatologinių požymių sąsajas. 

3.​ Įvertinti šių SNP prognostinę reikšmę pacientų išgyvenamumui. 

Tyrimo dalyviai: 165 pacientės, sergančios gimdos kaklelio vėžiu, gydytos Lietuvos sveikatos mokslų 

universiteto Kauno klinikų ligoninėje 2014–2020 m. Iš periferinio kraujo išskirta genominė DNR 

saugoma LSMU Onkologijos instituto biobankuose. 

Metodika: CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986 ir CDKN2C rs12855 

genotipai nustatyti taikant TaqMan SNP Genotyping Assay metodą QuantStudio 3 realaus laiko PGR 

sistemoje. Sąsajos su klinikopatologiniais požymiais ir rezultatais vertintos Pirsono chi-kvadrato, 

Fišerio tikslus testas ir dvinarės logistinės regresijos metodu. Išgyvenamumas analizuotas 

Kaplan–Meier metodu su log-rank testu ir Kokso proporcingų pavojų regresija (vienmatė ir 

daugiamatė modeliai). Statistinio reikšmingumo riba – p<0,05. Analizė atlikta naudojant IBM SPSS 

Statistics 30.0.0.0. 

Rezultatai: Nenustatyta reikšmingų sąsajų tarp jokio SNP ir klinika patologinių požymių, išskyrus 

CDKN2C rs12855: CT genotipas buvo susijęs su mažesne mirties rizika, palyginti su CC (SS 0,120, 

p=0,045), tai patvirtino daugiamatė logistinė regresija (SS 0,086, p=0,032). rs12855 CT genotipas 

parodė reikšmingai ilgesnį bendrą išgyvenamumą pagal Kaplano–Mejerio analizę (log-rank p=0,020), 

mažesnę mirties riziką vienmatėje Kokso regresijoje (PPS 0,134, p=0,048) ir išliko nepriklausomai 

apsauginis po amžiaus koregavimo (PPS 0,126, p=0,042). 

Išvada: Visose keturiose polimorfizmų grupėse vyravo pagrindiniai aleliai. CDKN1A rs1059234 

nebuvo prognostinis veiksnys. Taikant kombinuotus genotipo modelius, CDKN2A rs3088440 (GA+AA 

vs GG) ir CDKN2B rs3217986 (TG+GG vs TT) nepasiekė statistinio reikšmingumo nė vienoje 

išgyvenamumo analizėje. CDKN2C rs12855 CT genotipas buvo vienintelis nepriklausomas 

prognostinis radinys, pasižymintis nuosekliu apsauginiu ryšiu su bendru išgyvenamumu logistinės 

regresijos, Kaplano–Mejerio ir Kokso proporcingų pavojų analizėse. 
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6. ABBREVIATIONS 

 
3′UTR – 3′ Untranslated Region  

CDK – Cyclin Dependent Kinase 

CDKN1A – Cyclin Dependent Kinase Inhibitor 1A (gene encoding p21) 

CDKN2A – Cyclin Dependent Kinase Inhibitor 2A (gene encoding p16 and p14) 

CDKN2B – Cyclin Dependent Kinase Inhibitor 2B (gene encoding p15) 

CDKN2C – Cyclin Dependent Kinase Inhibitor 2C (gene encoding p18) 

CI – Confidence Interval 

CIN – Cervical Intraepithelial Neoplasia 

CIP – CDK Interacting Protein 

KIP – Kinase Inhibitory Protein (CDK inhibitor family) 

DNA – Deoxyribonucleic Acid 

E2F – E2F Transcription Factor Family 

E6 – Human Papillomavirus Oncoprotein E6 

E7 – Human Papillomavirus Oncoprotein E7 

EDTA – Ethylenediaminetetraacetic Acid 

FIGO – International Federation of Gynaecology and Obstetrics 

G – Tumour Differentiation Grade 

HPV – Human Papillomavirus 

HR – Hazard Ratio 

HWE – Hardy Weinberg Equilibrium 

INK4 – Inhibitor of CDK4 (INK4 family of CDK inhibitors) 

M – Distant Metastasis (TNM staging) 

miRNA – microRNA 

N – Regional Lymph Node Metastasis (TNM staging) 

NC – Not Calculable 

OR – Odds Ratio 

OS – Overall Survival 

P21 – Protein 21 (Waf1/Cip1), encoded by CDKN1A; CDK2 inhibitor, p53 downstream effector 

P53 – Tumour Protein p53, encoded by TP53; principal tumour suppressor 

PCR – Polymerase Chain Reaction 

PFS – Progression Free Survival 

pRb – Retinoblastoma Protein (encoded by RB1) 

SNP – Single Nucleotide Polymorphism 
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SPSS – IBM Statistical Package for the Social Sciences 

T – Primary Tumour Size (TNM staging) 

TGF-β – Transforming Growth Factor Beta 

TNM – Tumour Node Metastasis (staging system) 

TP53 – Tumour Protein p53 gene 

WHO – World Health Organisation 
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7. TERMS 

 

Allele 
One of two or more alternative forms of a gene that arise by mutation and are 

found at the same chromosomal locus.  

Apoptosis 

Programmed cell death; a genetically regulated process of cellular 

self-destruction that eliminates damaged, infected, or superfluous cells without 

triggering an inflammatory response. 

Biomarker 

A measurable biological characteristic that can be used as an indicator of a 

normal or pathological biological process, or as a response to therapeutic 

intervention. In oncology, biomarkers may be prognostic (predicting disease 

course) or predictive (predicting treatment response). 

Carcinogenesis 

The process by which normal cells undergo malignant transformation to become 

cancer cells, involving the accumulation of genetic and epigenetic alterations 

over time. 

Cell cycle 

The ordered sequence of events by which a cell grows, replicates its DNA, and 

divides into two daughter cells. Key phases include G1 (growth), S (DNA 

synthesis), G2 (preparation for division), and M (mitosis). Progression is 

regulated by cyclin–CDK complexes and CDK inhibitors. 

Cervical 

intraepithelial 

neoplasia (CIN) 

A pre-malignant condition of the cervical epithelium characterised by cellular 

abnormalities caused by high-risk HPV infection, graded from CIN1 (mild 

dysplasia) to CIN3 (severe dysplasia/carcinoma in situ). 

Cox proportional 

hazards regression 

A statistical method for analysing the effect of one or more predictor variables on 

the time until an event occurs (e.g. death or disease progression). Produces 

hazard ratios (HR) that quantify the relative risk of the event associated with each 

predictor. 

Genotype 

The specific combination of alleles at a given genetic locus in an individual. For 

a biallelic SNP, possible genotypes are homozygous wild-type (e.g. CC), 

heterozygous (CT), or homozygous variant (TT). 

Hardy Weinberg 

Equilibrium 

(HWE) 

Theoretical expectation that genotype frequencies in a large, randomly mating 

population with no selection, mutation, or migration will remain constant across 

generations according to the relationship p² + 2pq + q² = 1. Significant deviation 

from HWE in a study cohort may indicate genotyping error or selection effects. 
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Hazard ratio (HR) 

A measure of relative risk used in survival analysis. An HR > 1 indicates an 

increased hazard (risk of event) in the study group relative to the reference group, 

while an HR < 1 indicates a reduced hazard (protective association). 

Heterozygous 

genotype 

A genotype in which two different alleles are present at a given locus (e.g. CT). 

The individual has inherited different alleles from each parent. 

Homozygous 

genotype 

A genotype in which two identical alleles are present at a given locus (e.g. CC or 

TT). The individual has inherited the same allele from both parents. 

Kaplan– Meier 

method 

A non-parametric statistical technique for estimating the survival function from 

observed survival times, accounting for censored observations. Survival curves 

are compared between groups using the log-rank test. 

Minor allele 

frequency (MAF) 

The frequency of the less common allele at a given SNP locus in a studied 

population. SNPs with MAF ≥1% are considered common variants. 

Oncogene 

A gene that, when mutated or overexpressed, contributes to the transformation of 

a normal cell into a cancer cell by promoting cell proliferation, survival, or 

invasion. 

Overall survival 

(OS) 

The time from the date of diagnosis (or treatment initiation) to the date of death 

from any cause. Patients alive at the end of the study period are treated as 

censored observations. 

Polymorphism 

A naturally occurring variation in a DNA sequence that is present in at least 1% 

of the population. Polymorphisms may occur in coding or non-coding regions 

and may or may not affect gene function. 

Prognostic factor 
A variable that is associated with the clinical outcome of a disease (e.g. survival) 

independently of the treatment administered. 

Progression-free 

survival (PFS) 

The time from diagnosis to first documented disease progression, recurrence, or 

death from any cause, whichever occurs first. Patients without an event are 

censored at last follow-up. 

Retinoblastoma 

protein (pRb) 

A tumour suppressor protein encoded by the RB1 gene that controls cell cycle 

entry into S phase by binding and inhibiting E2F transcription factors.  

Single nucleotide 

polymorphism 

(SNP) 

The most common form of genetic variation in the human genome consisting of a 

single nucleotide substitution at a specific position in the DNA sequence. SNPs 

may influence gene expression, protein function, or disease susceptibility and 

prognosis. 

Tumour 

suppressor gene 

A gene whose protein product normally inhibits cell proliferation, promotes DNA 

repair, or triggers apoptosis.  
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8. INTRODUCTION 
 

Cervical cancer remains a significant public health challenge in Lithuania, where 

age-standardised incidence rates are approximately twice the European Union average, highlighting the 

continued clinical relevance of prognostic research in this population [1,2]. Globally, it ranks as the 

fourth most common malignancy in women, with an estimated 604,127 new cases and 341,831 deaths 

recorded in 2020 [3,4]. The World Health Organization identifies cervical cancer as preventable 

through effective HPV vaccination and screening, yet incidence and mortality remain 

disproportionately high in many countries, particularly those with limited access to organised 

prevention programmes [2]. 

High-risk human papillomavirus (HPV), particularly types 16 and 18, is the established 

necessary aetiological agent, accounting for approximately 70% of all invasive cervical carcinomas 

[9]. The HPV E6 oncoprotein promotes degradation of the tumour suppressor p53, abrogating 

downstream CDKN1A (p21) induction, while E7 targets the retinoblastoma protein (pRb) for 

degradation, bypassing CDK4/6 inhibitory control [12,13]. Despite the central role of HPV, only a 

minority of infected women develop invasive cancer, indicating that host genetic factors modulate 

disease susceptibility and clinical course. 

Single nucleotide polymorphisms (SNPs) represent the most common form of germline 

genetic variation and are established modulators of cancer susceptibility and prognosis [16,17]. The 

CDKN gene family is particularly relevant in cervical cancer, as the pathways they regulate are directly 

targeted by HPV oncoproteins: CDKN1A (p21) acts downstream of the E6-compromised p53 axis, 

while CDKN2A, CDKN2B, and CDKN2C inhibit CDK4/6, the direct effectors of E7-mediated pRb 

degradation [16,17]. Germline variation in these genes may therefore establish constitutional 

differences in the efficiency of tumour suppression that persist in tumour cells and influence clinical 

outcomes [20]. 

The aim of this study is to analyse DNA sequence variation in CDK inhibitor gene variants 

rs1059234 (CDKN1A), rs3088440 (CDKN2A), rs3217986 (CDKN2B), and rs12855 (CDKN2C) and to 

determine their relationship with the prognosis of cervical cancer, analysing associations with 

clinicopathological features, progression-free survival, and overall survival in a retrospective cohort of 

165 histologically confirmed patients, with the goal of identifying germline variants with potential 

utility as prognostic biomarkers in clinical practice. 
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9. AIMS AND OBJECTIVES 

 

 

Aim: To investigate single nucleotide polymorphisms (SNPs) in the CDKN gene family and their 

association with cervical cancer prognosis. 

 

Objectives:  

1.​ To determine the distribution of genotypes and alleles of CDKN1A rs1059234, CDKN2A 

rs3088440, CDKN2B rs3217986, and CDKN2C rs12855 in a cervical cancer cohort. 

2.​ To investigate associations between analysed SNPs and clinicopathological features of cervical 

cancer. 

3.​ To evaluate the prognostic significance of these SNPs for patient survival.  
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10. LITERATURE REVIEW 

 
10.1 Cervical Cancer 
 

Studies conducted in Lithuania have examined HPV-related risk factors and their implications 

for cervical cancer burden. Zitkute and Bumbuliene (2016) investigated risk factors affecting HPV 

infection, persistence and lesion progression in women and men, identifying key behavioural and 

biological cofactors influencing HPV-associated disease progression in Lithuanian patients [1]. Their 

work highlights the public health significance of cervical cancer research in the Lithuanian setting, 

where incidence rates have historically exceeded the European Union average [2]. The broader 

international evidence is reviewed below. 

 
 
10.1.1 Epidemiology 

 

Cervical cancer remains the only cancer that can be eliminated worldwide through effective 

HPV vaccination, screening, and timely treatment. Nevertheless, it remains a major health problem: 

globally, it is the second most common cancer in terms of both incidence and mortality in women of 

reproductive age [3] with a particularly high burden in many countries with the lowest Human 

Development Index (HDI) [4]. In 2022 cervical cancer was the fourth most common cancer in women, 

with 660 000 new cases. In the same year, about 94% of the 350 000 deaths caused by cervical cancer 

occurred in low and middle income countries [2]. These marked geographic inequities reflect the 

unequal access to HPV vaccination, high-performance screening, timely diagnosis, and effective 

treatment, compounded by broader social and economic determinants such as poverty and gender 

inequality. In Lithuania specifically, cervical cancer incidence rates have historically exceeded the 

European Union average, emphasising the continued clinical and public health relevance of prognostic 

research in this population [2,4]. 

 

 

10.1.2 Classification of cervical cancer and its stages  

 

Cervical cancers are classified according to their histological type, which reflects the cell of 

origin within the cervical epithelium and carries significant implications for biological behaviour, 

treatment response, and prognosis. The two principal histological types are squamous cell carcinoma 

(SCC) and adenocarcinoma, which together account for approximately 80-90% of all cervical 

malignancies. The remaining 10-20% include adenosquamous carcinoma, small cell neuroendocrine 
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carcinoma, and rare mesenchymal tumours [5]. However the proportion of adenocarcinoma has 

increased in recent decades in screened populations, attributed in part to the superior sensitivity of 

cytology-based screening for squamous lesions relative to glandular precursors.  

The diagnosis of Cervical Cancer is made after performing a biopsy and receiving the result 

of the histopathological examination. To further confirm the diagnosis it is necessary to assess the 

stage of the disease which is crucial for the risk stratification of the disease. Clinical staging of cervical 

cancer follows the International Federation of Gynecology and Obstetrics (FIGO) classification 

system, most recently revised in 2018 to incorporate radiological and pathological findings alongside 

clinical examination [5]. FIGO stage at diagnosis is the single most powerful determinant of cervical 

cancer prognosis. Five-year survival rates decrease markedly with advancing stage, from over 95% for 

Stage IA disease to approximately 15% for Stage IVB [5]. The identification of molecular prognostic 

biomarkers such as CDKN1A gene polymorphisms that operate independently of these established 

clinical variables therefore represents an important objective for refining prognostic stratification in 

cervical cancer.  

 

 

10.1.3 Risk Factors 

 

While persistent high-risk HPV infection is necessary for cervical carcinogenesis, it is not 

sufficient: most infected women do not develop invasive cancer, indicating that additional cofactors 

determine disease progression. Risk factors operate across two broad categories: those increasing 

susceptibility to HPV infection, and those promoting progression of established infection. 

The factors that constitute the first group include certain sexual behaviour characteristics such 

as: a higher number of lifetime or recent sexual partners, early age of first sexual intercourse 

(particularly < 18 years), unsafe sex practices and presence of other Sexually Transmitted Infections 

(STI) like Chlamydia [6]. 

Long-term oral contraceptive use (≥10 years) approximately doubles cervical cancer risk [7]. 

Immunosuppression, particularly HIV infection, substantially elevates the risk of persistent HPV 

infection and accelerated progression to invasive disease. 

 

 

10.1.4 Etiopathogenesis  

 

The main cause of cervical cancer is persistent chronic human papillomavirus (HPV) 

infection. HPVs are small, non-enveloped viruses with an 8-kb circular double-stranded DNA 
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contained in a 55 nm icosahedral capsid. The HPV genome is organised into three functional regions: 

the upstream regulatory region (URR), the early region encoding proteins E1, E2, E4, E5, E6, and E7, 

and the late region encoding the structural capsid proteins L1 and L2. Currently there are more than 

200 types of HPV that have been found, which are differentiated by their genomic sequence [9]. All 

HPV infection types are divided into two groups based on their carcinogenic properties; these are high 

risk and low risk [10]. Currently, it is well known and proven that HPV16 and 18 are the most virulent 

high-risk genotypes, causing about 70% of all invasive cervical cancer in the world [11]. 

The natural history of HPV-associated cervical cancer involves a well-defined progression 

from initial viral infection of the cervical epithelium through a series of premalignant intraepithelial 

lesions to invasive carcinoma. Initial HPV infection occurs at the squamocolumnar junction of the 

cervix, where metaplastic transformation zone epithelium provides the cell types most susceptible to 

viral integration. Malignant transformation requires persistent high-risk HPV infection typically 

defined as detection of the same HPV type on >2 occasions separated by at least 12 months during 

which progressive viral genome integration into the host chromosomal DNA leads to dysregulated E6 

and E7 expression [2]. 

 

 

 
Fig.1. Progression of cervical cancerogenesis which involves HPV gene integration, leading to sustained expression of 
E6 and E7, impacting and dysregulating the various pathways including the inactivation and degradation of p53 and 

pRB. 
The early proteins E6 and E7 are the principal oncoproteins responsible for cellular 

transformation. The E6 protein of high-risk HPV types forms a complex with the cellular E6AP 

ubiquitin ligase leading to a structural change in E6, thereby targeting the tumour suppressor protein 

p53 for proteasomal degradation to form a trimeric complex E6/E6AP/p53 as shown in Fig.1. This 
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E6-mediated destruction of p53 abrogates the p53-dependent transcriptional programme, including 

induction of p21 (CDKN1A) and BAX, effectively disabling the host cell’s primary DNA damage 

response and apoptotic machinery. The E7 oncoprotein directly binds and targets the retinoblastoma 

protein (pRb) for proteasomal degradation, releasing E2F transcription factors that drive uncontrolled 

entry into S phase [12]. Both the low-risk and high-risk E7 protein has been shown to target the pRB 

family members including p107 (RBL1) and p130 (RBL2) for degradation [13]. The coordinated 

actions of E6 and E7 thus create a cellular environment characterised by impaired cell cycle 

checkpoint function, resistance to apoptosis, and genomic instability which are the prerequisite 

conditions for malignant transformation.  

 

 

10.2 CDKN Inhibitors and Cervical Cancer 
 
10.2.1 CDKN gene family 

Proteins that negatively regulate cyclin-dependent kinases (CDKs) are known as CDK 

inhibitors (CDKNs) and are strong candidate tumour suppressor genes. They prevent uncontrolled cell 

proliferation by inhibiting CDK activity, which is crucial for arresting cell division in response to stress 

or damage [14]. CDKNs are divided into two major families. The CDKN1 (CIP/KIP) family comprises 

three members: CDKN1A (p21ᶜᶠᵐ), CDKN1B (p27ᴾᴵᴾ¹), and CDKN1C (p57ᴾᴵᴾ²). The CDKN2 (INK4) 

family includes CDKN2A (p16INK4a and p14ARF), CDKN2B (p15INK4b), CDKN2C (p18INK4c), 

and CDKN2D (p19INK4d) [15]. Each member functions as a stoichiometric inhibitor of specific CDK 

complexes; CIP/KIP members broadly inhibit CDK2, CDK4, and CDK6, while INK4 members 

specifically target CDK4 and CDK6. Together, these proteins enforce cell cycle arrest in the G1 phase 

and maintain the tumour suppressor protein pRb in its hypophosphorylated, growth-suppressive state 

[15]. 

 

  

10.2.2 CDKN in the pathogenesis of cervical cancer 
 

The CDKN gene family occupies a central position in cervical carcinogenesis because its two 

principal tumour suppressor pathways; the p53–p21 axis and the pRb–CDK4/6 axis, are the direct 

molecular targets of HPV oncoproteins E6 and E7 [12]. E6-mediated proteasomal degradation of p53 

abrogates the downstream induction of CDKN1A (p21), disabling the host cell's primary DNA damage 

checkpoint and apoptotic response [14]. Concurrently, E7-mediated degradation of pRb releases E2F 

transcription factors and drives uncontrolled S-phase entry, simultaneously eliminating the effector 
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target of the INK4 family inhibitors p16INK4a (CDKN2A), p15INK4b (CDKN2B), and p18INK4c 

(CDKN2C) [16].  

The consequence is a coordinated collapse of G1 checkpoint control: even where residual 

CDKN expression persists, the proteins cannot exert growth suppression because their effectors have 

been eliminated [14]. This is further compounded by epigenetic silencing of CDKN2A and CDKN2B 

through promoter hypermethylation documented in cervical tumours [17], and by p53-independent 

modulation of CDKN1A through TGF-β and interferon signalling pathways that are also disrupted 

during HPV-driven transformation [14].  

Clinically, low CDKN1A nuclear expression has been associated with advanced FIGO stage, 

lymph node metastasis, and reduced overall survival [18], while p16INK4a overexpression a 

paradoxical consequence of pRb loss, is an established biomarker for high-risk HPV infection in 

cervical epithelium [19]. Together, these observations confirm that CDKN genes are not passive 

bystanders but active determinants of the biological behaviour and clinical course of cervical cancer. 

However, the function and activity of these genes may vary between individuals due to underlying 

germline genetic variation [13,14], raising the question of whether constitutional differences in CDKN 

regulatory capacity encoded in single nucleotide polymorphisms contribute to the heterogeneity in 

cervical cancer prognosis observed between patients. 

 

 

10.3 Single Nucleotide Polymorphisms 
 

Among the forms of genomic variation, single nucleotide polymorphisms (SNPs) are the most 

common, defined as positions within the DNA sequence at which a single nucleotide base differs 

between individuals within a population, with the less common variant present at a frequency of at 

least 1% [8]. The human genome contains an estimated 4 - 5 million SNPs, occurring on average once 

every 1,000 base pairs, and collectively accounting for the majority of heritable variation in complex 

traits including disease susceptibility, drug metabolism, and clinical outcomes [10].  

SNPs are classified according to their genomic location and their consequent potential to 

influence gene function. Coding SNPs fall within the protein-coding exons of a gene and are further 

distinguished as synonymous (silent) SNPs, where the nucleotide change does not alter the encoded 

amino acid, and non-synonymous (missense) SNPs, where the substitution results in an amino acid 

change. Non-synonymous SNPs may alter protein structure, stability, enzymatic activity, or 

protein–protein interaction interfaces, and therefore represent the class most likely to produce a 

discernible phenotypic effect [20]. SNPs in non-coding regions; including promoters, introns, and 
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untranslated regions (UTRs), can influence gene expression by modifying transcription factor binding 

sites, splicing signals, or microRNA target sites. 

SNPs in TP53 (particularly rs1042522), BRCA1/2, and mismatch repair genes have been 

most studied [20], with growing evidence implicating CDK inhibitor genes as prognostic determinants 

in multiple tumour types. 

 

 

10.3.1 SNPs in CDKN gene family 

 

SNPs within CDKN genes have been investigated across a range of malignancies, with the 

depth of evidence varying considerably between family members. CDKN1A is the most extensively 

studied, reflecting its central role in the p53 pathway. The rs1801270 SNP has been examined in 

multiple meta-analyses encompassing breast, lung, colorectal, and hepatocellular cancers, with pooled 

analyses suggesting a modest but consistent association with cancer susceptibility in certain ethnic 

populations [15,21]. In cervical cancer specifically, Vargas-Torres et al. demonstrated that rs1801270 

allele status was associated with susceptibility to high-grade cervical intraepithelial neoplasia in a 

Brazilian cohort [23], while Zhang et al. reported that the rs1801270 AA genotype conferred a reduced 

risk of cervical cancer development in Chinese women [24], though findings remain inconsistent 

across populations. 

Evidence for CDKN2A SNPs is predominantly derived from studies of melanoma, glioma, 

and lung cancer, where rs3731249 and rs11515 have been associated with altered cancer risk, and 

rs3088440 has been linked to differential prognosis in haematological malignancies [28,36]. For 

CDKN2B, population-based studies have identified rs3217986 and neighbouring variants in association 

with risk of osteosarcoma and thyroid carcinoma, though functional validation of the underlying 

mechanisms remains incomplete [32,37]. CDKN2C is the least characterised of the four, with 

pan-cancer transcriptomic analyses demonstrating that low CDKN2C expression correlates with poor 

prognosis across multiple tumour types, suggesting that germline variants modulating its expression 

may have prognostic relevance [25]. Notably, none of the four SNPs investigated in the present study 

have previously been examined in the context of cervical cancer survival, representing a clear gap in 

the literature that this study addresses. 

 
 
10.3.2 CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, and CDKN2C rs12855  
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The four polymorphisms investigated in this study span both the CIP/KIP and INK4 CDK 

inhibitor families and collectively cover the principal molecular targets of HPV E6 and E7 

oncoproteins in the p53–p21 and pRb–CDK4/6 axes [13,26]. 

The rs1059234  polymorphism is located in the 3’UTR of CDKN1A, a region that contains 

binding sites for regulatory microRNAs controlling p21 mRNA stability and translational efficiency. 

The C>T substitution at this position may alter microRNA binding affinity, thereby modifying the 

post-transcriptional regulation of p21 expression [26,15]. Given that E6-mediated destruction of p53 

already suppresses transcriptional induction of CDKN1A, a constitutional variant that further reduces 

p21 availability through impaired 3’UTR regulation could amplify the functional consequences of 

HPV infection in cervical epithelium [29]. 

The rs3088440  polymorphism is located in the 3’UTR of CDKN2A, the gene encoding both 

p16INK4a, an INK4 inhibitor of CDK4/6 and p14ARF, which stabilises p53 by sequestering its 

negative regulator MDM2 [19]. The rs3088440 SNP lies within a miR-663b binding site; the G>A 

substitution impairs miR-663b binding, leading to dysregulated upregulation of CDKN2A transcripts 

[27]. In the context of HPV-driven cervical carcinogenesis, where E7 degrades pRb and renders 

p16INK4a functionally inert despite its overexpression. 

The rs3217986 polymorphism resides in the coding region of CDKN2B, which encodes 

p15INK4b, an INK4 inhibitor originally characterised as a key effector of TGF-β-induced cell cycle 

arrest [19]. CDKN2B is located immediately adjacent to CDKN2A on chromosome 9p21.3, and both 

genes are subject to co-deletion and epigenetic silencing through promoter hypermethylation in 

cervical and uterine tumours [28]. The T>G substitution may affect protein structure or splicing 

efficiency, potentially modifying p15INK4b-mediated CDK4/6 inhibition in a setting where TGF-β 

signalling is already disrupted by HPV integration. 

The rs12855 polymorphism is located in a regulatory region of CDKN2C, which encodes 

p18INK4c on chromosome 1p32. CDKN2C resides on a distinct chromosomal arm and provides a 

non-redundant layer of CDK4/6 inhibition. Pan-cancer analyses have demonstrated that low CDKN2C 

expression correlates with poor prognosis across multiple tumour types [30], supporting the hypothesis 

that germline variants at this locus carry prognostic relevance. 

Together, these four polymorphisms offer complementary and non-overlapping coverage of 

CDKN-mediated cell cycle regulation, providing a well-justified and mechanistically coherent basis 

for their simultaneous investigation as germline prognostic determinants in cervical cancer. 
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11. RESEARCH METHODOLOGY AND METHODS 

 
11.1 Research Planning 

 

Literature searches were conducted in the electronic databases PubMed, Google Scholar, and 

ScienceDirect prior to commencement of laboratory work, using the search terms: “cervical cancer”, 

“human papillomavirus”, “CDK inhibitor genes”, “single nucleotide polymorphisms”, “prognostic 

biomarkers”, and “cervical cancer survival”. The collected literature informed the study rationale, the 

selection of polymorphisms for analysis, and the statistical framework applied. 

This study was designed as a retrospective cohort investigation to evaluate the prognostic 

significance of four single nucleotide polymorphisms of the CDKN gene family variants: CDKN1A 

rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, and CDKN2C rs12855, in a cohort of cervical 

cancer patients. The study was conducted within the Institute of Oncology, Lithuanian University of 

Health Sciences, under the supervision of Justina Jurevičė and with scientific consultation from Prof. 

Dr. Rasa Ugenskienė. Research ethics approval was obtained from the LUHS Bioethics Centre 

(Protocol No. 2025-BEC2-1409) and the Kaunas Regional Biomedical Research Ethics Committee 

(Protocols BE-2-10 and P1-BE-2-10/2014).  

 

 

11.2 Object of the Study 

 

The object of this study was CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, 

and CDKN2C rs12855 polymorphisms. These SNPs were selected from the NCBI dbSNP database 

based on their location in 3'unstranslated regions (3’UTRs) and minor allele frequencies (MAF) 

according to the 1000Genomes (European) of approximately 5–10% in the general population.  

 

Table 1. Summary of CDK Inhibitor Gene Polymorphisms Investigated 

Gene (Protein) SNP Genomic Region Change 
MAF 1000Genomes 

(European) 

CDKN1A (p21) rs1059234 3′UTR C>T 6.46% 

CDKN2A (p16INK4a/p14ARF) rs3088440 3′UTR G>A 7.85% 

CDKN2B (p15INK4b) rs3217986 3′UTR T>G 7.85% 

CDKN2C (p18INK4c) rs12855 3′UTR C>T 9.74% 

3′UTR - 3′ untranslated region. MAF: minor allele frequency according to 1000Genomes (European) 
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11.3 Participant selection 
 

A total of 165 patients with cervical cancer were included in the study. All patients were treated 

at the Hospital of Lithuanian University of Health Sciences Kauno Klinikos (LSMUL KK), Kaunas, 

Lithuania, between 2014 and 2020. Peripheral blood samples, as well as clinical and 

pathomorphological data, were collected during routine clinical care and subsequently stored in the 

biobank of the Oncology Research Laboratory, Institute of Oncology, LSMU. The present study was 

conducted using previously collected and stored biological material and patient data; no additional 

samples were collected. 

 

Inclusion criteria. Patients were eligible for inclusion if they met all of the following criteria: 

●​ Histologically confirmed diagnosis of cervical cancer; 

●​ Availability of sufficient peripheral blood-derived genomic DNA;  

●​ Complete clinicopathological data, including age at diagnosis, primary tumour size (T), tumour 

differentiation grade (G), regional lymph node metastasis status (N), and clinical outcomes 

(disease progression, distant metastasis, and death); 

●​ Available follow up data permitting assessment of disease progression and survival outcomes. 

 

Exclusion criteria. Patients were excluded if any of the following applied: 

●​ Presence of a concurrent or prior invasive malignancy other than cervical cancer that could 

confound clinical outcome data; 

●​ Significant comorbid conditions that independently influenced survival outcomes; 

●​ Incomplete clinicopathological documentation, where one or more required variables were 

unavailable; 

●​ Insufficient or degraded DNA yielding failed or ambiguous genotyping results after repeat 

analysis. 

 

 

11.4 Research Methods 

 

DNA Extraction. Genomic DNA was extracted from peripheral blood samples collected in 

EDTA containing tubes and stored in the biobank of the Institute of Oncology, LSMU. This extraction 

and storage were performed by the Institute of Oncology laboratory as part of routine biobanking 

procedures; the author did not perform the DNA extraction. DNA extraction was performed using the 
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GeneJET Genomic DNA Purification Kit according to the manufacturer’s instructions. DNA 

concentration and purity were assessed spectrophotometrically using the Multiskan SkyHigh 

Microplate Spectrophotometer (Thermo Scientific), with sample purity confirmed by an A260/A280 

absorbance ratio of 1.7-2.0. Extracted DNA samples were stored at -20°C until genotyping analysis. 

All samples were prepared at a uniform concentration of 5 ng/µL prior to PCR setup. 

SNP Genotyping. Genotyping of CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B 

rs3217986, and CDKN2C rs12855 polymorphisms was performed using TaqMan SNP Genotyping 

Assays (Applied Biosystems; assay IDs: C_7514111_10, C_16008027_30, C_31289028_10, 

C_8847082_10, respectively). Each assay includes allele-specific probes labelled with VIC and FAM 

dyes and unlabeled PCR primers in a closed-tube real-time PCR, eliminating the need for post-PCR 

processing. Reactions were prepared in accordance with the manufacturer's recommended protocol. 

The composition of each reaction is detailed in Table 2. 

 

Table 2. PCR Reaction Mixture Composition 

Reagent Volume (µL) Catalogue No. 

TaqMan Universal Master Mix II, with UNG (Applied 

Biosystems) 
6.125 4440038 

TaqMan™ SNP Genotyping Assay, human (Applied 

Biosystems) 
0.625 4351379 

Nuclease-free H₂O 4.25 - 

Genomic DNA (5 ng/µL) 2 - 

Total reaction volume 13  

 

Thermal cycling was performed on a QuantStudio 3 Real-Time PCR System (Applied 

Biosystems) using the cycling programme detailed in Table 3. 

 

Table 3. Thermal Cycling Programme 

Temperature (°C) Duration Cycles 

60 30 sec - 

95 10 min - 

95 15 sec 
40 

60 1 min 

60 30 sec - 
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Allelic discrimination was performed by endpoint fluorescence analysis using QuantStudio 

Design and Analysis Software. Genotypes were assigned based on VIC and FAM fluorescence 

clustering patterns in the allelic discrimination plot. Homozygous genotypes were identified when a 

single fluorescence signal predominated, whereas heterozygous genotypes were identified by the 

presence of both signals forming a distinct intermediate cluster.  

 

 

11.5 Methods of Data Analysis 

 

All statistical analyses were performed using IBM SPSS Statistics software (Version 30.0.0.0, 

IBM Corp). A p-value < 0.05 was considered statistically significant throughout all analyses.  

Descriptive statistics. Continuous variables were summarised as mean ± standard deviation 

(SD), while categorical variables were presented as counts (n) and percentages (%). The distribution of 

patient age was assessed for normality using the Kolmogorov-Smirnov test and histogram inspection. 

For the purposes of analysis, clinicopathological features and clinical outcomes were dichotomised 

into the following categories: primary tumour size (T1–T2 and T3–T4), tumour differentiation grade 

(G1–G2 and G3–G4), regional lymph node metastasis (N0 and N1), disease progression (present and 

absent), distant metastasis (present and absent), and death (present and absent).  

Hardy-Weinberg Equilibrium. Conformity of observed genotype frequencies to 

Hardy-Weinberg Equilibrium (HWE) expectations was assessed for each polymorphism using the 

chi-square test. Deviation from HWE was considered statistically significant at p < 0.05. 

Pearson’s chi-square test. The distributions of genotypes and alleles of analysed SNPs were 

compared across clinicopathological features and clinical outcomes using Pearson's chi-square test. 

Fisher's exact test was applied when expected cell counts were < 5.  

Binary logistic regression. Univariate binary logistic regression analysis was performed to 

estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between SNPs and 

dichotomised variables. Only associations that were statistically significant in univariate analysis were 

further evaluated in multivariate models. Two multivariate models were constructed: Model 1 was 

adjusted for age at diagnosis as a continuous variable, while Model 2 was additionally adjusted for T, 

G, and N.  

Kaplan–Meier method. Progression-free survival (PFS) and overall survival (OS) were 

estimated using the Kaplan–Meier method, and survival curves were generated for each SNP according 

to genotype and allele groups. Differences in survival distributions between groups were evaluated 

using the log-rank test.  
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Cox proportional hazards regression. Univariate Cox regression analysis was performed to 

estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for associations between SNPs and 

PFS and OS. Two multivariate adjustment models were then applied exclusively to associations that 

achieved statistical significance in univariate analysis: Model 1 was adjusted for age at diagnosis as a 

continuous variable; Model 2 additionally adjusted for T, G, and N. Due to the very small number of 

minor-allele homozygotes in several genotype groups, allelic model results demonstrated test 

instability and are therefore not reported in the Results section. 
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12. RESULTS 
 
12.1 Distribution of clinical and morphological data among patients with cervical cancer patients 
 

In the study cohort, the mean age at diagnosis was 55.45 years (SD 13.6). The age distribution 

was non-normal, with most patients (69.1%) concentrated in the 40–70-year age group, while 15.2% of 

patients were aged ≤40 years and 15.8% were aged ≥70 years.  

 

Figure.2. Histogram Analysis of the Age 

 

The majority of patients presented with smaller primary tumours (T1–T2) and without 

regional lymph node metastasis. Distant metastasis was uncommon, identified in only 4.8% of patients. 

Most tumours were well or moderately differentiated (G1–G2). During the follow-up period, disease 

progression occurred in 37.0% of patients and death from any cause in 40.6%. The full distribution of 

clinical and morphological variables is summarised in Table 4. 

 

Table 4. Distribution of Clinical and Morphological Data among Cervical Cancer Patients (n=165) 

Features Group n (%) 

Age at diagnosis ≤40 years 
40–70 years 
≥70 years 

25 (15.2) 
114 (69.1) 
26 (15.8) 

Primary Tumour Size (T) T1–T2 106 (64.2) 
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T3–T4 59 (35.8) 

Tumour Differentiation Grade (G) G1–G2 
G3–G4 

121 (73.3) 
44 (26.7) 

Regional Lymph Node Metastases (N) Yes 
No 

74 (44.8) 
91 (55.2) 

Disease Progression Yes 
No 

61 (37.0) 
104 (63.0) 

Distant Metastases (M) Yes 
No 

8 (4.8) 
157 (95.2) 

Death Yes 
No 

67 (40.6) 
98 (59.4) 

T1–T2 smaller tumours; T3–T4 larger tumours; G1–G2 well and moderately differentiated; G3–G4 

poorly differentiated and undifferentiated; n- sample size. 

 

 

12.2 The distribution of genotypes and alleles of CDKN1A rs1059234, CDKN2A rs3088440, 

CDKN2B rs3217986, and CDKN2C rs12855 among cervical cancer patients 

 

Genotyping was successfully completed for all four polymorphisms across all 165 patients. 

Genotype and allele frequency distributions, together with results of Hardy Weinberg Equilibrium 

(HWE) testing, are presented in Table 5. 

 

Table 5. Genotype, allele distribution and Hardy Weinberg Equilibrium testing of CDKN1A 

rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, and CDKN2C rs12855  

 
Polymorphism Genotypes n (%) Alleles n (%) HWE (p) 

CDKN1A 
rs1059234  

CC 
132 (80.0) 

CT 
33 (20.0) 

TT 
   0 (0.00) 

C 
297 (90.0) 

T 
33 (10.0) 0.154 

CDKN2A 
rs3088440 

GG 
141 (85.5) 

GA 
22 (13.3) 

AA 
2 (1.2) 

G 
304 (92.1) 

A 
26 (7.9) 0.295 

CDKN2B 
rs3217986 

TT 
146 (88.5) 

TG 
16 (9.7) 

GG 
3 (1.8) 

T 
308 (93.3) 

G 
22 (6.7) 0.005 

CDKN2C 
rs12855  

CC 
153 (92.7) 

CT 
12 (7.3) 

C 
318 (96.4) 

T 
12 (3.6) 0.628 

HWE – Hardy Weinberg Equilibrium; statistically significant departure from HWE (p<0.05) is 

highlighted in bold; n – number of chromosomes for allele counts.  
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All four polymorphisms showed predominance of the major allele genotype. The TT genotype 

was absent for CDKN1A rs1059234 and CDKN2C rs12855, and the AA genotype was rare for 

CDKN2A rs3088440, reflecting the low minor allele frequencies expected in European populations. 

Genotype distributions for CDKN1A rs1059234, CDKN2A rs3088440, and CDKN2C rs12855 

conformed to Hardy Weinberg Equilibrium. A statistically significant departure from HWE was 

observed for CDKN2B rs3217986 as highlighted, indicating an excess of homozygous genotypes 

relative to theoretical expectations; this is addressed in the Discussion. Full genotype and allele 

frequencies are presented in Table 5. For subsequent statistical analyses, the following genotypic 

models were applied: CDKN1A rs1059234 (CT vs CC), CDKN2A rs3088440 (GA+AA vs GG), 

CDKN2B rs3217986 (TG+GG vs TT), and CDKN2C rs12855 (CT vs CC). Combined models were 

used for rs3088440 and rs3217986 due to the low frequency of the rare homozygous genotypes (AA, n 

= 2; GG, n = 3). Allelic models were not applied due to the limited sample size and the low frequency 

of the minor alleles.  

 

 

12.3 Associations of SNP Genotypes and Alleles with Clinicopathological Features and Clinical 

outcomes 
 

Chi-square and Fisher's exact tests revealed no statistically significant associations between 

the analysed SNPs and age group, primary tumour size and grade, lymph node metastasis, disease 

progression, and distant metastasis (Table 6). A statistically significant association was identified 

between CDKN2C rs12855 and death: among 153 patients with the CC genotype, 66 (43.1%) died 

during follow-up, compared with 1 of 12 patients with the CT genotype (8.3%) (p = 0.029). 
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Table 6. Genotype distributions and tumour characteristics crosstab of CDKN1A rs1059234, CDKN2A rs3088440, CDKN2B rs3217986, and 
CDKN2C rs12855  

Characteristic  CDKN1A rs1059234  CDKN2A rs3088440 CDKN2B rs3217986 CDKN2C rs12855 

  CC CT GG GA AA TT TG GG CC CT 

Total N (%) 132 (80.0) 33 (20.0) 141 (85.5) 22 (13.3) 2 (1.2) 146 (88.5) 16 (9.7) 3 (1.8) 153 (92.7) 12 (7.3) 

Age at diagnosis ≤40 yrs 20 (15.2) 5 (15.2) 20 (14.2) 5 (22.7) 0 (0.0) 22 (15.1) 3 (18.8) 0 (0.0) 23 (15.0) 2 (16.7) 

 40–70 yrs 90 (68.2) 24 (72.7) 98 (69.5) 14 (63.6) 2 (100.0) 100 (68.5) 11 (68.8) 3 (100.0) 105 (68.6) 9 (75.0) 

 ≥70 yrs 22 (16.7) 4 (12.1) 23 (16.3) 3 (13.6) 0 (0.0) 24 (16.4) 2 (12.5) 0 (0.0) 25 (16.3) 1 (8.3) 

 p 0.809 0.793 0.951 0.764 

Tumour size (T) T1+T2 86 (65.2) 20 (60.6) 92 (65.2) 13 (59.1) 1 (50.0) 92 (63.0) 12 (75.0) 2 (66.7) 97 (63.4) 9 (75.0) 

 T3+T4 46 (34.8) 13 (39.4) 49 (34.8) 9 (40.9) 1 (50.0) 54 (37.0) 4 (25.0) 1 (33.3) 56 (36.6) 3 (25.0) 

 p 0.776 0.754 0.741 0.541 

Lymph nodes (N) Yes 62 (47.0) 12 (36.4) 63 (44.7) 10 (45.5) 1 (50.0) 66 (45.2) 7 (43.8) 1 (33.3) 66 (43.1) 8 (66.7) 

 No 70 (53.0) 21 (63.6) 78 (55.3) 12 (54.5) 1 (50.0) 80 (54.8) 9 (56.3) 2 (66.7) 87 (56.9) 4 (33.3) 

 p 0.368 1.000 1.000 0.202 

Distant metastasis (M) Yes 7 (5.3) 1 (3.0) 7 (5.0) 1 (4.5) 0 (0.0) 7 (4.8) 1 (6.3) 0 (0.0) 8 (5.2) 0 (0.0) 

 No 125 (94.7) 32 (97.0) 134 (95.0) 21 (95.5) 2 (100.0) 139 (95.2) 15 (93.8) 3 (100.0) 145 (94.8) 12 (100.0) 

 p 0.928 1.000 0.633 1.000 

Tumour grade (G) G1+G2  97 (73.5) 24 (72.7) 100 (70.9) 19 (86.4) 2 (100.0) 105 (71.9) 13 (81.3) 3 (100.0) 113 (73.9) 8 (66.7) 

 G3+G4  35 (26.5) 9 (27.3) 41 (29.1) 3 (13.6) 0 (0.0) 41 (28.1) 3 (18.8) 0 (0.0) 40 (26.1) 4 (33.3) 

 p 1.000 0.252 0.554 0.735 

Progression Yes 48 (36.4) 13 (39.4) 50 (35.5) 9 (40.9) 2 (100.0) 53 (36.3) 5 (31.3) 3 (100.0) 59 (38.6) 2 (16.7) 

 No 84 (63.6) 20 (60.6) 91 (64.5) 13 (59.1) 0 (0.0) 93 (63.7) 11 (68.8) 0 (0.0) 94 (61.4) 10 (83.3) 

 p 0.904 0.169 0.089 0.213 

Death Yes 53 (40.2) 14 (42.4) 54 (38.3) 11 (50.0) 2 (100.0) 57 (39.0) 8 (50.0) 2 (66.7) 66 (43.1) 1 (8.3) 

 No 79 (59.8) 19 (57.6) 87 (61.7) 11 (50.0) 0 (0.0) 89 (61.0) 8 (50.0) 1 (33.3) 87 (56.9) 11 (91.7) 

 p 0.968 0.142 0.521 0.029 

T1+T2 – smaller tumor size, T3+T4 – larger tumor size, G1+G2 – well or moderately differentiated tumour, G3+G4 – poor differentiated or undifferentiated tumour,  N 
– counts, % - percentage, p – p value of Pearson chi-square or Fisher's exact test. Green highlighting denotes statistically significant associations (p < 0.05). 
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Univariate logistic regression confirmed a significant association of CDKN2C rs12855 with 

death. The CT genotype was associated with significantly lower odds of death compared with the CC 

genotype (OR 0.120; 95% CI: 0.015–0.952; p = 0.045). No other statistically significant associations 

were identified in logistic regression analyses for any of the four polymorphisms across the analysed 

clinicopathological features and clinical outcomes (Table 7). 

 

Table 7. Univariate logistic regression: association of SNPs with clinicopathological outcomes 
(n=165). 

Clinical 
Outcome Gene/ SNP Comparison OR 95% CI p 

Primary tumour 
size (T3+T4 vs 

T1+T2) 

CDKN1A 
rs1059234 CT vs CC 1.215 0.554–2.663 0.626 

CDKN2A 
rs3088440 GA+AA vs GG 1.341 0.555-3.241 0.514 

CDKN2B 
rs3217986 TG+GG vs TT 0.608 0.208-1.783 0.365 

CDKN2C 
rs12855 CT vs CC 0.577 0.150–2.221 0.424 

Lymph node 
metastasis (Yes 

vs No) 

CDKN1A 
rs1059234 CT vs CC 0.645 0.294–1.418 0.275 

CDKN2A 
rs3088440 GA+AA vs GG 1.048 0.439-2.498 0.916 

CDKN2B 
rs3217986 TG+GG vs TT 0.882 0.335-2.319 0.798 

CDKN2C 
rs12855 CT vs CC 2.636 0.761–9.130 0.126 

Tumour grade  
(G3+G4 vs 

G1+G2) 

CDKN1A 
rs1059234 CT vs CC 1.039 0.441–2.451 0.930 

CDKN2A 
rs3088440 GA+AA vs GG 0.348 0.099-1.232 0.102 

CDKN2B 
rs3217986 TG+GG vs TT 0.480 0.133-1.735 0.263 

CDKN2C 
rs12855 CT vs CC 1.413 0.403–4.946 0.589 

Disease 
progression  
(Yes vs No) 

CDKN1A 
rs1059234 CT vs CC 1.137 0.520–2.489 0.747 

CDKN2A 
rs3088440 GA+AA vs GG 1.540 0.643-3.690 0.333 

CDKN2B 
rs3217986 TG+GG vs TT 1.276 0.483-3.370 0.623 

CDKN2C 
rs12855 CT vs CC 0.319 0.067–1.505 0.149 
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Clinical 
Outcome Gene/ SNP Comparison OR 95% CI p 

Death  
(Yes vs No) 

CDKN1A 
rs1059234 CT vs CC 1.098 0.507–2.379 0.812 

CDKN2A 
rs3088440 GA+AA vs GG 1.904 0.796-4.553 0.148 

CDKN2B 
rs3217986 TG+GG vs TT 1.735 0.664-4.531 0.261 

CDKN2C 
rs12855 CT vs CC 0.120 0.015–0.952 0.045 

OR: odds ratio; 95% CI: 95% confidence interval; p: p-value. Statistically significant associations 
(p<0.05) are highlighted in green.  

 

Of all associations examined, only the CDKN2C rs12855 CT genotype reached statistical 

significance in relation to death. Given this significant finding, multivariate logistic regression was 

performed for this association. Model 1, adjusted for age, confirmed the protective association (OR 

0.120, 95% CI 0.015–0.961, p = 0.046). Model 2, additionally adjusted for tumour size (T), lymph 

node status (N), and tumour grade (G), demonstrated that the CT genotype remained an independent 

protective factor for death (OR 0.086, 95% CI 0.009–0.814, p = 0.032), with an effect that 

strengthened after adjustment for established clinical prognostic variables (Table 8). 

Table 8. Multivariate logistic regression: association of CDKN2C rs12855 CT genotype with death 
(n=165). 

Model Comparison OR 95% CI p 

Model 1 (adjusted 
for age) CT vs CC 0.120 0.015–0.961 0.046 

Model 2 (+ age, T, 
N, G) CT vs CC 0.086 0.009–0.814 0.032 

OR, odds ratio; CI, confidence interval; T, primary tumour size; N, lymph node status; G, tumour 
differentiation grade. Reference genotype: CC. Statistically significant results (p<0.05) are 
highlighted.  
 

 

12.4 Survival Analysis 
 
12.4.1 Kaplan Meier Analysis and Log-Rank Test 
 

Progression-free survival (PFS) and overall survival (OS) were assessed using the 

Kaplan–Meier method with log-rank testing for all established clinicopathological prognostic variables 

and all four CDK inhibitor gene polymorphisms. The median follow-up was 50 months for PFS and 54 
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months for OS (range: 1–245 months). During the follow-up period, 78 PFS events (progression or 

death) and 67 OS events (death) were recorded. All log-rank p values for PFS and OS are presented in 

Table 9. 

 

Table 9. Kaplan-Meier log-rank p-values for PFS and OS by CDKN gene family polymorphism and 

clinicopathological characteristics (n=165). 

Variable PFS  Log-rank p OS  Log-rank p 

CDKN1A rs1059234 0.890 0.617 

CDKN2A rs3088440 0.197 0.103 

CDKN2B rs3217986 0.492 0.291 

CDKN2C rs12855 0.087 0.020 

PFS: progression-free survival; OS: overall survival. Statistically significant log-rank p-values (p < 

0.05) are highlighted in green.  

 

In the analysis, only CDKN2C rs12855 demonstrated a statistically significant difference in 

OS (log-rank p = 0.020) (Fig 7). No more statistically significant associations were observed.  

 

 

Fig. 7. Kaplan Meier curves for Overall Survival (OS) by rs12855 genotype (CT vs CC).  
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12.4.2 Univariate Cox Proportional Hazards Regression 
 

Univariate Cox proportional hazards regression was performed for all polymorphisms (Table 

10). The SNPs CDKN1A rs1059234, CDKN2A rs3088440, and CDKN2B rs3217986 did not reach statistical 

significance in any Cox model for either PFS or OS and were not entered into multivariate analysis.  

A statistically significant association was identified for CDKN2C rs12855 and OS, where The 

CT genotype was associated with significantly lower hazard of death (HR 0.134, 95% CI 0.076 - 

1.285, p = 0.048), compared to the CC genotype.  

  

Table 10. Univariate Cox proportional hazards regression: PFS and OS for SNPs (n=165). 

Gene/ SNP Comparison 
PFS  OS  

HR 95% CI p HR 95% CI p 

CDKN1A rs1059234 CT vs CC  0.861 0.484–1.532 0.610 0.856 0.460–1.592 0.624 

CDKN2A rs3088440 GA+AA vs GG  1.531 0.794-2.951 0.203 1.651 0.896-3.042 0.108 

CDKN2B rs3217986 TG+GG vs TT  1.296 0.614-2.736 0.496 1.435 0.729-2.823 0.296 

CDKN2C rs12855 CT vs CC  0.312 0.076–1.285 0.107 0.134 0.018–0.979 0.048 

HR:  hazard ratio; 95% CI — 95% confidence interval; p — p-value; ref — reference category. 

Statistically significant associations (p < 0.05) are highlighted in green.  

 

 

12.4.3 Multivariate Cox Proportional Hazards Regression 

 

Multivariate Cox regression was applied exclusively to associations that reached statistical 

significance (p < 0.05) in univariate analysis.  

In the association between CDKN2C rs12855 and OS (Table 11), CT genotype remained 

significant in Model 1 (HR 0.126, 95% CI 0.017–0.928, p = 0.042), but reached only borderline 

significance in the fully adjusted Model 2 (HR 0.140, 95% CI 0.019–1.015, p = 0.052), suggesting that 

the association may be partially dependent on other covariates included in the fully adjusted model. 

Nevertheless, the consistent effect estimates across models suggest a potentially protective association 

of the CDKN2C rs12855 CT genotype.  

 

Table 11. Multivariate Cox proportional hazards regression 
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Gene/ SNP Comparison 

Overall Survival (OS) 

M1  M2  

HR 95%CI p HR 95%CI p 

CDKN2C rs12855 CT vs CC 0.126 0.017–0.928 0.042 0.140 0.02-1.015 0.052 

M1: Model 1: adjusted for age (continuous). M2: Model 2: adjusted for age + tumour size (T) + lymph 
node status (N) + grade (G). HR: hazard ratio; 95% CI: 95% confidence interval. Statistically 
significant associations (p<0.05) are highlighted in green.  
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13.  DISCUSSION OF RESULTS 

 

This study investigated the prognostic significance of four CDK inhibitor gene 

polymorphisms rs1059234, rs3088440, rs3217986, and rs12855 in 165 cervical cancer patients. To our 

knowledge, this is the first study to evaluate all four polymorphisms for prognostic significance in 

cervical cancer; rs3217986 and rs12855 appear to have no published prognostic data in any cancer 

type. Under the genotypic models applied; including combined models for rs3088440 (GA+AA vs 

GG) and rs3217986 (TG+GG vs TT) to ensure statistical stability given the low frequency of rare 

homozygous genotypes, CDKN2C rs12855 CT genotype emerged as the sole independent prognostic 

factor, demonstrating a consistent protective association with overall survival. rs1059234 showed no 

prognostic associations. 

Genotype distributions across all four loci were consistent with European population data, 

with major alleles predominating [21,25]. A notable exception was significant departure from 

Hardy-Weinberg Equilibrium for rs3217986 (p 0.005), most likely attributable to heterozygote 

miscalling at a low minor allele frequency in the small GG subgroup (n=3), though a biological 

explanation involving selection pressure in an HPV-exposed cohort cannot be excluded [28]. This 

deviation limits the interpretability of rs3217986 findings and mandates replication. 

rs1059234 was not associated with any clinical or survival outcome. This is consistent with 

the literature: Vargas-Torres et al. demonstrated that rs1059234 modulates susceptibility to high-grade 

cervical lesions rather than prognosis once invasion is established [24], and a meta-analysis of 16 

studies confirmed no association with overall cancer risk in dominant or recessive models [29]. These 

data collectively position rs1059234 as a susceptibility rather than prognostic modifier. 

rs3088440 AA did not reach statistical significance under the combined GA+AA vs GG 

model applied in this study (KM OS p 0.103; Cox OS p 0.108). A combined model was required due to 

the very low frequency of the AA homozygous genotype (n = 2), which precluded reliable independent 

analysis. The SNP lies within the 3'UTR of CDKN2A at a miR-663b binding site; the G>A 

substitution impairs miR-663b binding, potentially causing dysregulated upregulation of p16INK4a 

and p14ARF [30]. While this mechanism remains biologically plausible as a prognostic modifier, the 

low minor allele frequency in this cohort limited statistical power for detecting an effect at the 

combined model level. Larger studies with adequate numbers of rare genotype carriers are needed to 

evaluate this SNP’s prognostic role with precision. 

rs3217986 GG also did not reach statistical significance under the combined TG+GG vs TT 

model (KM OS p 0.291; Cox PFS p 0.492). As with rs3088440, the rarity of the homozygous GG 

genotype (n=3) necessitated a combined model, which reduced the biological specificity of the 
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comparison. No prior study has reported a prognostic association for this variant in any cancer type; 

Chen et al. examined rs3217986 in osteosarcoma but found no independent significance [27]. The 

intronic location of the SNP could influence p15INK4b expression through effects on splicing or 

regulatory elements [28]; however, within the constraints of the current sample, no detectable 

prognostic signal was identified. The deviation from Hardy Weinberg Equilibrium observed for this 

SNP (p 0.005) further limits interpretability and warrants cautious handling in future studies. 

rs12855 CT demonstrated a consistent protective association with overall survival, remaining 

an independent prognostic factor after adjustment for age (multivariate Cox Model 1: HR 0.126, p 

0.042) with a consistent protective direction in the fully adjusted model (Model 2: HR 0.140, p 0.052). 

This is, to our knowledge, the first prognostic report for this variant in any cancer type. Barbieri et al. 

reported that a closely related CDKN2C polymorphism, rs12885, was associated with significantly 

smaller medullary thyroid carcinomas in polymorphic patients (1.5 cm vs 2.9 cm; p 0.032) [28], 

lending biological plausibility to the tumour modifying role of CDKN2C regulatory variants observed 

here. The rs12855 polymorphism is located in a regulatory region of CDKN2C (encoding p18INK4c), 

where the C>T substitution may alter transcription factor binding or chromatin accessibility, 

potentially enhancing p18INK4c-mediated CDK4/6 inhibition. In the context of HPV-driven pRb 

disruption, even partial restoration of CDK4/6 inhibitory capacity through p18INK4c could confer a 

measurable survival advantage, consistent with the protective direction of the observed effect.  

Several limitations must be acknowledged. The retrospective design and cohort size of 165 

patients provided limited statistical power, particularly for rare genotype subgroups (AA n=2, GG n=3, 

CT n=12) [26,42]. The absence of HPV genotyping is a notable gap, as high-risk HPV type is an 

established prognostic determinant [25] and differential distribution across genotype groups could 

confound the observed associations, especially for rs3088440 given the established interaction between 

this SNP and the HPV E7/pRb/p16 axis [30]. Treatment modality was not included in Cox models; 

since rs3088440 has been shown to modify radiotherapy response [30], future studies should stratify 

by treatment. The Lithuanian ethnic background limits generalisability to populations with different 

allele frequencies [28]. 

Despite these limitations, the identification of CDKN2C rs12855 CT genotype as an 

independent protective prognostic factor for overall survival in cervical cancer extends the literature to 

a locus with no previously published prognostic data in any cancer type. If validated in larger 

multicentre cohorts, germline CDKN2C profiling could contribute to individualised prognostic 

stratification in cervical cancer, complementing established clinical variables. 
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14. CONCLUSION 

 

The following conclusions are drawn from the investigation of CDKN1A rs1059234, 

CDKN2A rs3088440, CDKN2B rs3217986, and CDKN2C rs12855 polymorphisms in a retrospective 

cohort of 165 cervical cancer patients. 

1.​ Genotype and allele distribution analysis of CDKN1A rs1059234, CDKN2A rs3088440, 

CDKN2B rs3217986, and CDKN2C rs12855 demonstrated a predominance of major alleles and 

homozygous genotypes across all loci in the studied cervical cancer cohort.  

2.​ No significant associations were identified between most of the investigated SNPs and 

clinicopathological features, except for CDKN2C rs12855, where the CT genotype was 

significantly associated with lower mortality compared to the CC genotype, suggesting a 

potential protective effect.  

3.​ In survival analysis, the CDKN2C rs12855 CT genotype was significantly associated with 

longer overall survival compared to the CC genotype. This association remained significant 

after adjustment for age at diagnosis, while showing attenuation after adjustment for additional 

covariates, indicating a potentially robust but not fully independent protective effect.  
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