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ABSTRACT

Cervical cancer remains a significant global health burden, primarily driven by persistent high-risk Human
Papillomavirus (HPV) infection. However, the transition from infection to malignancy is heavily influenced by the host's
genetic predisposition. A comprehensive literature search was conducted across PubMed, Scopus, and Web of Science
which explores the synergistic role of TP53 (rs1042522) and HLA alleles (Class I, II, and G) in cervical carcinogenesis.
The synthesis reveals a "dual-layered" vulnerability including immune evasion layer, where specific HLA
polymorphisms (such as DRB1*15 and DQB1*0602) impair antigen presentation and allow HPV to bypass immune
surveillance, and a tumor suppressor layer, where the TP53 Arg72 variant shows increased susceptibility to E6-mediated
degradation, disarming the apoptotic response. Ultimately, the interaction between HLA-mediated immune failure and
TP53-mediated suppressor loss creates a high-risk molecular environment, suggesting that integrating host genetic
profiling into screening programs could significantly enhance personalized early detection and targeted intervention for
high-risk populations.
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1. INTRODUCTION infections are clinically silent due to absence of obvious
One of the leading causes of death in women is cervical signs, a few lesions can progress to invasive cancers with
cancer. These cancers claim lives of more than 4,00,000 observable symptoms ['2],

people in a year ["2, Among these cervical malignancies
more than 90% are caused by Human Papillomavirus
(HPV) and is one of the most prevalent sexually
transmitted disease (STD) in the world and can lead to
chronic infections in both men and women. While human
body often clears HPV naturally, persistent high-risk HPV
(hrHPV) infections can progress to various cancers,
including penile, cervical, oropharyngeal cancers, and
anal, significantly impacting public health B4, Although it
can infect both sexes women are more vulnerable with an
estimate of 80% women may contract it by the age of 50
years [l The World Health Organization (WHO) now
acknowledges HPV as the primary cause of a wide number
and type of malignancies [*®. The oncogenes present in
HPV are the major cause of inducing malignancies among HPV induced cervical cancer starts with mild cellular
infected individuals - Although majority of HPV  alternation in cervix that can later developed into cancer if

Globally, the prevalence of HPV infection and related
cancers shows considerable variation. Worldwide
epidemiological data indicates regions exhibiting the
highest prevalence rates (= 33.87%) include South
America, Africa, and specific parts of Europe. On the other
hand, Australia and other European regions demonstrate
intermediate prevalence, ranging from 16.93% to 33.87%.
However certain countries like North and South America
report lower HPV infection rates, typically below 16.93%.
These variations in HPV prevalence across the world
highlights the importance of screening programs, safe
sexual practices, vaccination coverage and socioeconomic
determinants across various population ['3],
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immune system fails to counteract it. HPV infection's role
in cervical cancer progression remains unnoticeable in
women up to 15-20 years making it a pathogen of greater
importance 'Y, With the progression of cervical cancer
women can experience several symptoms including
vaginal abnormalities (bleeding can occur after
menopause, between cycles, or after sex). The bleeding
during periods can also be heavier and longer than usual,
pain during sex, vaginal discharge (unusual vaginal
discharge, the discharge can be watery or blood-mixed and
foul smelling), advanced symptoms (difficulty urinating,
back pain, abdominal pain, severe weight loss, swelling
legs, or pelvic pain). Despite the unconfirmed role of
hereditary factors in the development of invasive cervical
cancer from High-Grade Squamous Intraepithelial Lesions
(HSIL), familial clustering of cervical cancer has been
consistently observed for over 60 years. This long-
standing evidence highlights the need for further
investigation into a potential genetic predisposition 31,
Strong supporting data come from the Swedish cancer
registry, which has demonstrated a high familial relative
risk of cervical cancer [l Specifically, these studies
indicate that female siblings and offspring of affected
individuals have a 1.5-2.3 relative risk of developing the
disease 7). This suggests that genetic components may
contribute to an individual's susceptibility to cervical
cancer.

In this review article we will be discussing on the Human
Leukocyte Antigen (HLA) and Tumor Protein 53 (TP53)
gene polymorphism in human helping HPV persistence
inside host and its development to cervical cancer in
women.

2. REVIEW METHODOLOGY

A comprehensive literature search was conducted across
PubMed, SCOPUS and Web of Science to identify
relevant studies published between 1990 to 2025. The
search strategy utilized combination of words like Group 1
(TP53): "p53", "TP53", "TP-53", "p-53", "codon 72" ,
Group 2 (Variation): "polymorphism", "variability",
"mutation", "gene", "SNP", "rs1042522", "rs17878362" ,
Group 3 (Pathology): "cervical cancer", "cervix", "cervical
intraepithelial neoplasia", "CIN", "HPV", "carcinogenesis"
and Group 4 (HLA): "HLA", "human leukocyte antigen",
"Major Histocompatibility Complex (MHC)", "HLA class
I", "HLA class II", "HLA-G". Studies only publish in

English were included. Initially screening was performed
using title and abstract followed by full text review.

3. HPV AND CERVICAL CANCER:

UNDERSTANDING THE RELATION
Persistent HPV infection can subsequently develop into
cervical cancer which can be ultimately life threatening.
The risk of developing severe complications or
development of cancer varies depending on the specific
HPV strain. Among the over 180 distinct types of HPV,
approximately 40 are sexually transmitted. These sexually
transmitted strains target moist epithelial tissues, such as
the mucosal membranes of the anogenital and oral regions,
to establish infection. However, it is crucial that majority
of HPV infections, particularly those acquired through
non-sexual contact, manifest as cutaneous warts on the
feet and hands M8, In view of this the vast majority of
HPV strains may be categorized as either low-risk or high-
risk. The high-risk genotypes are linked to a considerable
percentage of oropharyngeal cancers as well as a number
of anogenital malignancies, such as those of the anus,
cervix, vagina, vulva, and penis. High-risk HPV
genotypes, especially 16 and 18, are linked to most HPV-
related cancers. Their ability to express viral oncoproteins
(E6 and E7) by disrupting host cell cycle regulation and
tumor suppressor pathways, these contribute to their
oncogenic potential (Fig.1). Other hrHPV includes type
33, 45, 31, 58 and 52 associated with cervical cancer [1%20],
However, low-risk HPV (IrHPV) are the main contributing
factors behind benign epithelial proliferations such
anogenital cutaneous warts. While these lesions can cause
discomfort and are highly transmissible, progression to
malignancy is very rare. HPV-related cervical cancers
typically progress over 10 to 20 years, a timeline that can
be accelerated in immunocompromised individuals.
Subsequently with the progression of invasive cervical
cancer, when not identified and managed, is a life-
threatening outcome in 95% of cases [!?2, The
development of HPV infection to cervical cancer is a
multidimensional process influenced by interplay of viral,
host, and environmental determinants. Although prolonged
exposure to hrHPV strains is crucial for development of
CCs, the rate and likelihood of neoplastic transformation
are modulated by several other cofactors, including host
immune status, parity, age at first pregnancy, contraceptive
use, and co-infection with other sexually transmitted
infections.
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Fig.1. Stages of HPV related cervical cancer progression (Created in BioRender. Padhi, S. (2025)
https://BioRender.com/xk6z1kw)

Fig.1 TIllustrates the Schematic representation of the
progression from Human Papillomavirus (HPV) infection
to invasive cervical carcinoma. The process begins at the
cervical transformation zone, where healthy epithelial cells
are susceptible to HPV infection. While most infections
are cleared by the host immune response, viral genome
integration into the host cell DNA can lead to low-grade
Cervical Intraepithelial Neoplasia (CIN 1), often
detectable through specific biomarkers (e.g., EDNRB,
TBXT, ZNF671, FMN2). Persistent viral infection over 1—
10 years facilitates the transition to precancerous lesions
(CIN 2/3), driven primarily by the high-risk viral
oncoproteins E6 and E7, which inhibit the tumor
suppressors p53 and pRb, respectively. This loss of cell
cycle control induces profound genomic instability,
eventually culminating in the development of invasive
cancer.

4. HPV AND DISEASE PATHOGENESIS:

The cervix uteri, the most inferior portion of the uterus,
comprises two distinct epithelial compartments the
ectocervix and the endocervix. While the endocervix is
lined with columnar glandular epithelium, the ectocervix is
covered by stratified squamous epithelium.

These two tissue types converge at the squamocolumnar
junction (SCJ), also known as the transformation zone.
This specific anatomical area is highly susceptible to HPV
infection and subsequent neoplastic transformation,
making it the primary origin for cervical precancerous
lesions. The majority of early HPV infections, especially
those that result in low-grade squamous intraepithelial
lesions (LSIL) or cervical intraepithelial neoplasia stage 1
(CIN1), resolve spontaneously within two years in
approximately 90% of cases. Although re-infections are

common, they rarely result in cancer. Genetic diversity is
critical in resolving these infections and restricting
progression to invasive disease, as only a small percentage
of women with HPV ultimately develop invasive cervical
cancer (%!, However, if an HPV infection persists and the
host immune system fails to clear the virus over time, it
can advance to higher-grade precancerous lesions. These
include HSIL, which encompass cervical intraepithelial
neoplasia stage 2 (CIN2) and stage 3 (CIN3), as well as
carcinoma in situ. This progression is linked to several
factors including the sustained presence of oncogenic HPV
infection, particularly high-risk types; the viral load within
the infected cells; the composition and local
microenvironment of the cervical tissue at the site of viral
integration; the potential for progressive cellular damage;
and the impact of multiple reinfections with the same or
different HPV types. The combine effect of all these
factors can ultimately lead to progression of invasive
malignancies if untreated 4],

5. HPV E6 AND E7 ONCOPROTEINS: DRIVERS

OF CERVICAL CARCINOGENESIS
The growth and progression of cervical carcinoma
mediated by HPV oncoproteins E6 and E7. E6
oncoproteins in cervical cells target and inactivate p53, a
crucial tumor suppressor protein. This interaction
subsequently leads to p53 degradation, compromising the
cell's natural ability to suppress development. This
enhances the risk of cancer, as the cellular mechanism to
counteract HPV E6 leads to the elimination of this
essential tumor-suppressive protein. Simultaneously, the
HPV E7 protein promotes cancer risk by interfering with
the function of another crucial tumor-suppressing protein,
retinoblastoma protein (Rb), thereby deregulating cell
cycle control 1 (Fig. 2).
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Fig. 2. HPV E6 and E7 mechanism of action for development of cervical cancer (Created in BioRender. Padhi, S. (2025)
https://BioRender.com/zx7ycja)

Fig.2 showed the Molecular mechanisms of HPV-induced
oncogenesis through E6 and E7 oncoprotein-mediated
degradation of host tumor suppressors. Following viral
entry and genomic integration, the HPV E6 oncoprotein
targets the p53 tumor suppressor for ubiquitylation and
subsequent proteasomal degradation, effectively bypassing
p53-mediated DNA repair and apoptosis. Simultaneously,
the HPV E7 oncoprotein binds to the Retinoblastoma
protein (RD), triggering its ubiquitylation and degradation;
this releases the E2F transcription factor from the Rb-E2F
complex, allowing it to translocate to the nucleus and
initiate the transcription of S-phase genes. Together, these
synergistic  pathways disrupt critical cell cycle
checkpoints, leading to unregulated cellular proliferation
and the potential for malignant transformation.

6. HOST GENETIC VARIATIONS INFLUENCING
CERVICAL CANCER

The variations in Deoxyribonucleic acid (DNA) coding
and noncoding regions in humans, makes each of us
distinct. These variations increase individual vulnerability
to a variety of illness. Decades of extensive research on
human genetics leads to the discovery of single nucleotide
polymorphism (SNPs) across individuals and interestingly
SNP markers for specific diseases have been discovered. A
variety of illnesses, including cervical cancer, have also
been related to copy number variations, however they are
less prevalent than SNPs but may involve the acquisition
or deletion of genomic DNA segments in comparison to a
reference human genome [%?71  Advancement in
biomedical research leads to identify individualized
treatment for complicated ailments based on genetic
variation has been facilitated. Over the past two years,
more than 165 new DNA alterations in more than 100 new
chromosomal regions have been found through genome-
wide association study, which affects clinical
characteristics and the likelihood of prevalent human
diseases 81,

7. HLA POLYMORPHISM IN HOST

The highly polymorphic genes known as HLA, which
encodes cell-surface proteins necessary for immunological
regulation, are found on human chromosome 6. HLA gene
variations have been connected to a number of human
diseases, such as autoimmune disorders, cancer,
degenerative diseases, and infections 1. An individual's
susceptibility of acquiring persistent HPV infections is
significantly influenced by immune recognition of the
virus by host. This immune recognition is modulated by
polymorphisms in HLA genes which leads to production
of altered proteins with varying resemblance (lower or
higher) for different HPV antigens, thereby affecting the
efficiency of antigen presentation and subsequent immune
response necessary for viral clearance. Building on this,
numerous gene association studies have investigated the
impact of genetic variations within HLA genes B%. A study
by Ferguson et al. 2011 identified specific human
leukocyte antigen-G (HLA-G) gene polymorphisms,
namely  HLA-G*01:03and  HLA-G*01:01:02, as
significant risk  factors for persistent human
papillomavirus (HPV) infection. This research indicates an
association between these alleles and susceptibility to
persistent HPV 16 infection. These HLA-G variants are
also associated with a heightened risk of persistent
infections from HPV types 2, 3, 4, and 15 Y, HLA-G
interaction with HPV is multidimensional, influencing
susceptibility, disease progression, and transmission.
Specific alleles such as HLA-G*01:01:05and HLA-
G*01:01:03could raise the possibility of co-infections.
Conversely, HLA-G*01:04:01, HLA-G*01:06, and HLA-
G*01:01:02, have been linked to higher likelihood of
developing more advanced lesions, though these particular
associations haven't always reached statistical significance
132, However, HLA-G genotype matches between mother
and child, specifically for HLA-G* 01:01:01/01:04:01, can
increase the probability that an infant will test positive for
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HPV, highlighting HLA-G complex impact on HPV
immunity and its clinical manifestations [33],

Several studies indicate a complex and varied association
between HLA class II alleles and HPV infection, leading
to cervical intraepithelial neoplasia (CIN) and cervical
cancer across different populations. Certain alleles like
DQB1* 03, DRB1* 04, and DRB1* 11, and specific
haplotypes such as DRB1 * 1101-DQB1* 0301 and DRB1
* 0401-DQB1* 0301 are significantly related to
heightened vulnerability to CIN. Conversely, DRB1*
0101-DQB1* 0501 often shows a protective effect 341,

On the other hand, polymorphism in alleles for cervical
cancer, particularly in HPV-positive cases, include DQB1
* 05, DQBI * 0402, DQB1 * 0602, DQBI1 * 0601, DRBI
* 04, DRBI1 * 11, DRB1 * 0401, DRB1 * 1101, DRBI1 *
15, and their associated haplotypes like DQA1 * 0102 -
DQBI1 * 0602 and DQA1 * 0501 - DQB1 * 0301. Notably,
in women infected with HPV16, the DRB1 * 15-DQBI *
0602 haplotype and HLA-DRBI * 15 are highly
associated with cervical cancer [,

Despite these observations, studies on the relationship
between HLA polymorphism and the risk of cervical
squamous cell carcinoma can often be not evident.
According to some studies, the DRB1 * 1501 - DQB1 *
0602 haplotype and DQB1 * 03 alleles are strongly
associated, while others report no association or even an
inverse relationship. Conversely, DRB1 * 01 and DRB1 *

13 alleles/haplotypes are frequently associated with a
decreased risk of squamous cell carcinoma of the cervical
region. The exact mechanisms, specific contributing
DRBI1 * 13 or DQB1 * 0603 alleles, or their linkage to
other MHC genes still require further investigation (3],

Beyond HLA-G and HLA class II polymorphisms,
research also highlights the involvement of HLA class I
polymorphisms in susceptibility to prolonged HPV-16
infection and cervical cancer. For instance, in South India
in context of HLA-B * 44, there is a strong association
between cervical cancer and persistent HPV-16.
Conversely, HLA-B * 15 appears to offer a protective
effect against cervical cancer, including CIN III and
invasive cervical cancer, particularly in HPV52-positive
cases. Though there is evidence linking HLA-B * 07 to a
higher incidence of cervical squamous lesions, no HLA-B
alleles have been independently linked to an increased risk
of CIN. Other HLA class I alleles implicated in prolonged
HPV infection and cervical cancer progression include
HLA-A * 0301, HLA-A * 3101, HLA-A * 3303, HLA-A *
02, HLA-A * 0201, HLA-B * 3501, HLA-B * 37, HLA-B
* 3701, HLA-B * 3901, HLA-B * 4402, HLA-B * 58,
HLA-B * 5801, HLA-Cw * 0501, HLA-Cw * 0704, and
HLA-C * 0702. These findings underscore the varied
influence of HLA class I molecules on the immune
response to HPV and subsequent disease progression B7-40]

(Fig. 3).
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Fig. 3. HLA G, HLA Class I and HLA Class II polymorphism linkedto HPV persistence and development of cervical
cancer

*PI- Persistent infection, PCL- Precancerous lesions, IC- Invasive cancer (Created in BioRender. Padhi, S. (2025)
https://BioRender.com/21xamkb)

Fig.3 shows the distribution of HLA Class I, II, and G
Polymorphisms associated with increased risk of HPV-
related cervical cancer. The schematic illustrates specific
Human Leukocyte Antigen (HLA) alleles and their
association ~ with  different stages of cervical

carcinogenesis. Polymorphisms are categorized into three
major groups: HLA-G, HLA Class I, and HLA Class IL
Alleles are further grouped based on their clinical
significance in the disease progression pathway. PI
(Persistent Infection): Alleles associated with the inability

IJDDT, Volume 16 Issue 6, 2026

Page: 511



Hla and Tp53 Polymorphism in Hpv Driven Cervical Carcinogenesis- A Review

to clear Human Papillomavirus (HPV) infection. PCL
(Pre-cancerous Lesions): Alleles linked to the development
and maintenance of cervical intraepithelial neoplasia
(CIN). IC (Invasive Carcinoma): Alleles specifically
associated with the progression to malignant invasive
cervical cancer.

Most research has concentrated to examine the
relationships  between HPV-induced malignancies,
particularly cervical cancer, and HLA polymorphism.
However, fewer studies have directly investigated how
HLA genes influence an individual's susceptibility to, or
ability to clear, initial HPV infections.

8. TP53 POLYMORPHISMS

TP53 gene is most commonly altered in human tumors, it
is clear that it is crucial in halting the development of
cancer. Somatic mutations in the TP53 gene cause over
half of human malignancies ™“!l. Polymorphism in the
TP53 gene occurs at codon 72, resulting in two variant
proteins: one with proline (Pro72) and the other with
arginine (Arg72). Both variants retain wild-type p53
functionality under normal conditions. However, emerging
evidence suggests that these variants may alter in their
susceptibility to degradation by the HPV E6 oncoprotein,
potentially influencing cervical cancer risk. A study
demonstrated that p53Arg (Arg72) is more efficiently
degraded by high-risk HPV E6 proteins compared to
p53Pro (Pro72) 2. Inheritance of germline mutations in
TP53 causes predisposition to early onset of cancer in
early childhood, a disorder called Li Fraumeni’s syndrome
3], The somatic mutations are mainly missense and

nonsense mutations which inactivate p53 and result in
expression of mutant protein in 90% of the cases and in
10% of the cases, the protein is absent. The majority of the
time, p53 mutations cause tumor suppressor activity to be
lost and oncogenic function to be gained; as a result,
mutant pS3 becomes an oncoprotein in cancer cells that
promotes the growth of carcinoma cells. Variation in p53
DNA binding domain typically cause p53 to malfunction
and become inactive, which can contribute to the
development of cancer 4. Wild type p53 is unable to
activate the downstream genes because mutant p53 with
oligomerization domain mutations dimerize with it.
Mutant p53 can be recruited by the cancer cells to acquire
selective advantage and this will promote invasion,
metastasis and chemoresistance . Multiple lines of
research have demonstrated that HPV E6 oncoproteins
from both high-risk and low-risk HPV types have evolved
diverse mechanisms to interfere with the tumor suppressor
p53 (TP53), beyond the well-characterized pathway of E6-
induced degradation via the ubiquitin-proteasome system.
One mechanism by which E6 influences p53 involves its
direct binding to the C-terminal region of p53, a process
that’s independent of E6AP, the ubiquitin ligase crucial for
p53 degradation 1. This binding occurs with both low-
risk and high-risk HPV types, yet it doesn’t result in p53
degradation. Instead, it likely alters p53’s transcriptional
regulation, potentially diminishing its ability to bind DNA
and repress target gene transcription. This interaction may
explain how low-risk HPV E6 proteins, despite not
degrading p53, can still weaken its tumor suppressor
functions through direct interaction (Fig. 4).

TpS3 Mutation

— Inhibits Apoptosis

Abnormal cell cyle

~ Genome instability

Inhibits tumor
Immunity

Fig. 4. TP53 polymorphisms linked to HPV related cervical cance (Created in BioRender. Padhi, S. (2025)
https://BioRender.com/xk6z1kw)
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Fig.4 illustrates the multifaceted role of TP53 mutations in
driving oncogenesis and suppressing the host immune
response. A mutation in the TP53 gene, a critical tumor
suppressor, leads to three primary cellular consequences:
the promotion of an abnormal cell cycle (characterized by
unregulated proliferation), the inhibition of apoptosis
(preventing programmed cell death of damaged cells), and
the accumulation of DNA damage resulting in genomic
instability. Collectively, these pathways converge to inhibit
tumor immunity, creating an immunosuppressive
environment that allows malignant cells to evade detection
and destruction by the immune system, thereby facilitating
tumor progression.

So, due to lack of study about TP53 and HLA
polymorphisms in HPV-related cervical cancer that can
plays a “dual role” by either synergistically promoting
disease progression or by conferring protection, depending
on the specific allelic combinations present in the
individual may be primary area to focus.

9. INTEGRATED ANALYSIS OF HLA AND TP53
POLYMORPHISMS IN CERVICAL
CARCINOGENESIS

The transition from a persistent hrHPV infection to

invasive cervical carcinoma is not a random event but a

genetically choreographed process. While the HPV E6 and

E7 oncoproteins facilitates transformation, the host’s

Human HLA and TP53 polymorphisms acts as bridge by

either facilitating or inhibit this progression. The

synergistic mechanism of HLA and TP53 creates a multi-
hit vulnerability in the host by immune evasion and tumor

suppressor failure. Polymorphism in HLA Class I (A, B, C

and Class II (DR, DQ) determine the efficiency of viral

peptide presentation to T-cells. If a host carries alleles with
low affinity for HPVE6/E7 epitopes, the virus remains
invisible to the adaptive immune system resulting in viral
persistence. Similarly, the E6 oncoprotein recruits the E6-
associated protein to ubiquitinate p53. The Arg72Pro
polymorphism (rs1042522) is the critical junction here.

The Arg72 variant has been shown in multiple meta-

analyses to be more susceptible to E6-mediated

degradation compared to the Pro72 variant.

Several researches suggests that the risk of cervical cancer
is significantly amplified when specific HLA risk alleles
coexist with the TP53 Arg72 variant. This dual factor
hypothesis has been supported by four fundamental
aspects of genetic and molecular research:

e P53 polymorphism and proteolysis: Storey et al.
(1998) first identified that the p53 Arg72 isoform is
degraded by HPV E6 oncoprotein at a faster rate than
Pro72 variant providing a biochemical basis of
differential risk for cervical cancer (47,

e Haplotype specific susceptibility: Researches dated
back to 1994 showed HLA DRB1/50/-DQB10602
haplotype as the critical genetic determinant for

HPV16 positive cervical cancer linking MHC class 11
alleles to viral outcomes 8],

e Genome- wide association (GWAS): GWAS 2013
confirms the dominance of MHC (HLAO region on
chromosome 6p21.3 making it the most significant site
for cervical cancer risk on global scale (491,

e Immune evasion and persistence: Beyond classical
HLA genes, polymorphism in HLA-G genes
demonstrated that it impairs the host ability to clear
high risk HPV (hrHPV) types 16 & 18 leading to
chronicity B,

10. GENOME-WIDE ASSOCIATIONS STUDIES AS
A POWERFUL TECHNIQUE FOR
DETECTION OF MUTATION

GWAS have been effectively used in cancer research and
are useful tool for locating common susceptibility changes
within a group D% Using programs like Regenie, or
PLINK, association analysis is carried out following
genotyping and imputation P, Once relevant variations
have been identified, new loci are validated by meta-
analyses and replication studies in different cohorts. The
causative SNP can be distinguished from many sets of
correlated, highly associated variants with the use of
colocalization, bioinformatic annotations, and fine-
mapping approaches. In order to test for gene and pathway
enrichment using in silico predictions, variants are
annotated for known chromatin marks and adjacent genes
1321, These expectations become crucial for understanding
the function of the noncoding genome, which accounts for
the majority of the susceptibility variations that have been
found. To investigate the biological function of lead
variants, several functional assays have been designed and
assessed. These include quantitative trait loci (QTL),
analyses for expression (eQTL), methylation (metQTL),
splicing (sQTL), and protein levels (pQTL), as well as
chromosome conformation capture and chromatin immune
precipitation (ChIP).

11. CONCLUSION

Chronic infections with high-risk HPV strains, including
HPV 16 and 18, are the usual cause of cervical cancer,
while not all HPV infections result in cervical cancer. The
development of cervical cancer is largely impacted by host
genetic  variables, specifically TP53 and HLA
polymorphisms. HLA variants can dysregulate the immune
response against HPV, while TP53 polymorphisms impact
a crucial tumor suppressor pathway. This variations of
genetic factor in host can either combinedly increase
susceptibility by compromising immune clearance and
tumor suppression, or confer protection. In depth analysis
of these genetic factors, often population-specific, genetic
predispositions is vital for advancing personalized risk
assessment and developing more targeted prevention and
treatment strategies for HPV-related cervical cancer. In
summary, cervical carcinogenesis is a multi-hit process
where viral persistence is facilitated by an individual's
genetic predisposition. Future research must focus on the
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functional synergy between these host markers to refine
early detection strategies and improve the global survival
rates of women battling this preventable disease.

Declaration of Interest Statement:

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this review
article

Author contributions:

SKP, SRN, SPJ, GV, SSM have equally contributed in all
stages of preparing, drafting, reviewing and writing this
review article. All authors read and approved the final
version of this manuscript.

Ethical statement:
Not applicable

Informed Consent:
Not applicable

Acknowledgement:

The authors thanks Dr A Raj Kumar Patro and Dr Dipti
Pattnaik, Department of Microbiology, KIMS, KIIT-DU,
Bhubaneswar, Odisha, India for their intellectual input
during the preparation of this review article.

Funding:

Not applicable

REFERENCES

1. Egawa N. Papillomaviruses and  cancer:
commonalities and  differences in  HPV

carcinogenesis at different sites of the body. Int J Clin
Oncol [Internet]. 2023;28(8):956—64. Available from:
http://dx.doi.org/10.1007/s10147-023-02340-y

2. Kombe Kombe AJ, Li B, Zahid A, Mengist HM,
Bounda G-A, Zhou Y, et al. Epidemiology and

burden of human Papillomavirus and related
diseases, molecular pathogenesis, and vaccine
evaluation. Front Public Health [Internet].
2020;8:552028. Available from:

http://dx.doi.org/10.3389/fpubh.2020.552028

3. Datta P, Bhatla N, Pandey RM, Dar L, Patro AR,
Vasisht S, et al. Type-specific incidence and
persistence of HPV infection among young women: a
prospective study in North India. Asian Pac J Cancer
Prev [Internet]. 2012;13(3):1019-24. Available from:
http://dx.doi.org/10.7314/apjcp.2012.13.3.1019

4.  Chesson HW, Dunne EF, Hariri S, Markowitz LE.
The estimated lifetime probability of acquiring
human papillomavirus in the United States. Sex
Transm Dis [Internet]. 2014;41(11):660—4. Available
from:
http://dx.doi.org/10.1097/0LQ.0000000000000193

5. Hathaway JK. HPV: diagnosis, prevention, and
treatment: Diagnosis, prevention, and treatment. Clin
Obstet Gynecol [Internet]. 2012;55(3):671-80.
Available from:

10.

11.

12.

13.

14.

15.

16.

17.

http://dx.doi.org/10.1097/GRF.0b013e31825caa36

Jensen JE, Becker GL, Jackson JB, Rysavy MB.
Human Papillomavirus and associated cancers: A
review. Viruses [Internet]. 2024;16(5):680. Available
from: http://dx.doi.org/10.3390/v16050680

B. Sehnal, H. Rozsypal, M. Nipcova, J. Slama, The
prevalence, incidence, persistence and transmission
ways of human papillomavirus infection (HPV),
Epidemiol. Mikrobiol. Imunol. 66 (2017) 198-209.

Hargza DA, Wilczynski JR, Paradowska E. Human
papillomaviruses  as  infectious  agents in
gynecological cancers. Oncogenic properties of viral
proteins. Int J Mol Sci [Internet]. 2022;23(3):1818.
Available from:
http://dx.doi.org/10.3390/ijms23031818

zur Hausen H. Papillomaviruses causing cancer:
evasion from host-cell control in early events in
carcinogenesis. J Natl Cancer Inst [Internet].
2000;92(9):690-8. Available from:
http://dx.doi.org/10.1093/jnci/92.9.690

Boulet G, Horvath C, Vanden Broeck D, Sahebali S,
Bogers J. Human papillomavirus: E6 and E7
oncogenes. Int J Biochem Cell Biol [Internet].
2007;39(11):2006—11. Available from:
http://dx.doi.org/10.1016/j.biocel.2007.07.004

Woodman CBJ, Collins SI, Young LS. The natural
history of cervical HPV infection: unresolved issues.
Nat Rev Cancer [Internet]. 2007;7(1):11-22.
Available from: http://dx.doi.org/10.1038/nrc2050

Mao C, Hughes JP, Kiviat N, Kuypers J, Lee S-K,
Adam DE, et al. Clinical findings among young
women with genital human papillomavirus infection.
Am J Obstet Gynecol [Internet]. 2003;188(3):677—
84. Available from:
http://dx.doi.org/10.1067/mob.2003.164

L. Bruni, G. Albero, B. Serrano, M. Mena, J.J.
Collado, D. Gémez, J. Muifioz, F.X. Bosch, S. de
Sanjosé, ICO/TARC Information Centre on HPV and
Cancer (HPV Information Centre). Human
Papillomavirus and Related Diseases in the World.
Summary Report 10 March 2023, 2023.

Human papillomavirus and cancer [Internet].
Who.int. [cited 2026 June 27]. Available from:
https://www.who.int/news-room/fact-
sheets/detail/human-papilloma-virus-and-cancer

Ramachandran D, Dork T. Genomic risk factors for
cervical cancer. Cancers (Basel) [Internet].
2021;13(20):5137. Available from:
http://dx.doi.org/10.3390/cancers13205137

National cancer register [Internet]. Socialstyrelsen.
2019 [cited 2026 June 27]. Available from:
https://www.socialstyrelsen.se/en/statistics-and-
data/registers/national-cancer-register/

1JDDT, Volume 16 Issue 6, 2026

Page: 514



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hla and Tp53 Polymorphism in Hpv Driven Cervical Carcinogenesis- A Review

Ahlbom A, Lichtenstein P, Malmstrom H, Feychting
M, Hemminki K, Pedersen NL. Cancer in twins:
genetic and nongenetic familial risk factors. J Natl
Cancer Inst [Internet]. 1997;89(4):287-93. Available
from: http://dx.doi.org/10.1093/jnci/89.4.287

Moher D, Liberati A, Tetzlaff J, Altman DG,
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA
statement. J Clin Epidemiol [Internet].
2009;62(10):1006—12. Available from:
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005

Luria L,
Papillomavirus.
Island; 2025.

Alrefai EA, Alhejaili RT, Haddad SA. Human
Papillomavirus and its association with cervical
cancer: A review. Cureus [Internet].
2024;16(4):e57432. Available from:
http://dx.doi.org/10.7759/cureus.57432

Human
Treasure

Cardoza-Favarato G.
StatPearls Publishing,

Sendagorta-Cudos E, Burgos-Cibrian J, Rodriguez-
Iglesias M. Genital infections due to the human
papillomavirus. Enferm infecc microbiol clin (Engl )

[Internet]. 2019;37(5):324-34. Available from:
http://dx.doi.org/10.1016/j.eimc.2019.01.010
Castle PE, Einstein MH, Sahasrabuddhe VV.

Cervical cancer prevention and control in women
living with human immunodeficiency virus. CA
Cancer J Clin [Internet]. 2021;71(6):505-26.
Available from: http://dx.doi.org/10.3322/caac.21696

Liu G, Sharma M, Tan N, Barnabas RV. HIV-positive
women have higher risk of human papilloma virus
infection, precancerous lesions, and cervical cancer.
AIDS [Internet]. 2018;32(6):795-808. Available
from:
http://dx.doi.org/10.1097/QAD.0000000000001765

de Araujo Souza PS, Sichero L, Maciag PC. HPV
variants and HLA polymorphisms: the role of
variability on the risk of cervical cancer. Future
Oncol [Internet]. 2009;5(3):359-70. Available from:
http://dx.doi.org/10.2217/fon.09.8

De Brot L, Pellegrini B, Moretti ST, Carraro DM,
Soares FA, Rocha RM, et al. Infections with multiple
high-risk HPV types are associated with high-grade
and persistent low-grade intraepithelial lesions of the
cervix: HPV Coinfection Effect on Cytohistology.
Cancer [Internet]. 2017;125(2):138-43. Available
from: http://dx.doi.org/10.1002/cncy.21789

Malone M, Maeyama A, Ogden N, Perry KN,
Kramer A, Bates C, et al. The effect of
phosphorylation efficiency on the oncogenic
properties of the protein E7 from high-risk HPV.
Virus Res [Internet]. 2024;348(199446):199446.
Available from:
http://dx.doi.org/10.1016/j.virusres.2024.199446

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lee C, Morton CC. Structural genomic variation and
personalized medicine. N Engl J Med [Internet].
2008;358(7):740-1. Available from:
http://dx.doi.org/10.1056/NEJMcibr0708452

Lupski JR. Structural variation in the human genome.
N Engl J Med [Internet]. 2007;356(11):1169-71.
Available from:
http://dx.doi.org/10.1056/NEJMcibr067658

Manolio TA, Brooks LD, Collins FS. A HapMap
harvest of insights into the genetics of common
disease. J Clin Invest [Internet]. 2008;118(5):1590—
605. Available from:
http://dx.doi.org/10.1172/JC134772

Dendrou CA, Petersen J, Rossjohn J, Fugger L. HLA
variation and disease. Nat Rev Immunol [Internet].
2018;18(5):325-39. Available from:
http://dx.doi.org/10.1038/nri.2017.143

Ayesha N, Aboulaghras S, Jahangeer M, Riasat A,
Ramzan R, Fatima R, et al. Physiopathology and
effectiveness of therapeutic vaccines against human
papillomavirus. Environ Sci Pollut Res Int [Internet].
2021;28(35):47752-72. Available from:
http://dx.doi.org/10.1007/s11356-021-15441-w

Ferguson R, Ramanakumar AV, Richardson H, Tellier
P-P, Coutlée F, Franco EL, et al. Human leukocyte
antigen (HLA)-E and HLA-G polymorphisms in
human papillomavirus infection susceptibility and
persistence. Hum Immunol [Internet].
2011;72(4):337-41. Available from:
http://dx.doi.org/10.1016/j.humimm.2011.01.010

Metcalfe S, Roger M, Faucher M-C, Coutlée F,
Franco EL, Brassard P. The association between
human leukocyte antigen (HLA)-G polymorphisms
and human papillomavirus (HPV) infection in Inuit
women of northern Quebec. Hum Immunol
[Internet]. 2013;74(12):1610-5. Available from:
http://dx.doi.org/10.1016/j.humimm.2013.08.279

Louvanto K, Roger M, Faucher M-C, Syrjdnen K,
Grenman S, Syrjanen S. HLA-G and vertical mother-
to-child transmission of human papillomavirus
infection. Hum Immunol [Internet]. 2018;79(6):471—
6. Available from:
http://dx.doi.org/10.1016/j. humimm.2018.03.002

Odunsi K, Terry G, Ho L, Bell J, Cuzick J, Ganesan
TS. Susceptibility to human papillomavirus-
associated cervical intra-epithelial neoplasia is
determined by specific HLA DR-DQ alleles. Int J
Cancer [Internet]. 1996;67(5):595-602. Available
from: http://dx.doi.org/10.1002/(SICI)1097-
0215(19960904)67:5<595::AID-1JC1>3.0.CO;2-P

Cuzick J, Terry G, Ho L, Monaghan J, Lopes A,
Clarkson P, et al. Association between high-risk HPV
types, HLA DRBI1* and DQBI1* alleles and cervical
cancer in British women. Br J Cancer [Internet].

1JDDT, Volume 16 Issue 6, 2026

Page: 515



38.

39.

40.

41.

42.

43.

44,

45.

Hla and Tp53 Polymorphism in Hpv Driven Cervical Carcinogenesis- A Review

2000;82(7):1348-52. Available
http://dx.doi.org/10.1054/bjoc.1999.1103

from:

de Araujo Souza PS, Villa LL. Genetic susceptibility
to infection with human papillomavirus and
development of cervical cancer in women in Brazil.
Mutat Res [Internet]. 2003;544(2-3):375-83.
Available from:
http://dx.doi.org/10.1016/j.mrrev.2003.06.013

Goodman MT, McDuffie K, Hernandez B, Bertram
CC, Wilkens LR, Guo C, et al. CYP1AI, GSTMI,
and GSTT1 polymorphisms and the risk of cervical
squamous intraepithelial lesions in a multiethnic
population. Gynecol Oncol [Internet].
2001;81(2):263-9. Available from:
http://dx.doi.org/10.1006/gyn0.2001.6154

Bhaskaran M, Murali SV, Rajaram B, Krishnasamy
S, Devasena CS, Pathak A, et al. Association of
HLA-A, -B, DRB, and DQB alleles with persistent
HPV-16 infection in women from Tamil Nadu, India.
Viral Immunol [Internet]. 2019;32(10):430—41.
Available from:
http://dx.doi.org/10.1089/vim.2019.0094

Wang SS, Hildesheim A, Gao X, Schiffman M,
Herrero R, Bratti MC, et al. Comprehensive analysis
of human leukocyte antigen class I alleles and
cervical neoplasia in 3 epidemiologic studies. J Infect
Dis [Internet]. 2002;186(5):598—605. Available from:
http://dx.doi.org/10.1086/342295

Gokhale P, Mania-Pramanik J, Sonawani A, Idicula-
Thomas S, Kerkar S, Tongaonkar H, et al. Cervical

cancer in Indian women reveals contrasting
association among common sub-family of HLA class
I alleles. Immunogenetics [Internet].
2014;66(12):683-91. Available from:

http://dx.doi.org/10.1007/s00251-014-0805-2

Donehower LA, Soussi T, Korkut A, Liu Y, Schultz
A, Cardenas M, et al. Integrated analysis of TP53
gene and pathway alterations in The Cancer Genome
Atlas. Cell Rep [Internet]. 2019;28(5):1370-1384.¢5.
Available from:
http://dx.doi.org/10.1016/j.celrep.2019.07.001

Dumont P, Leu JI-J, Della Pietra AC 3rd, George DL,
Murphy M. The codon 72 polymorphic variants of
p53 have markedly different apoptotic potential. Nat
Genet [Internet]. 2003;33(3):357—65. Available from:
http://dx.doi.org/10.1038/ng1093

Guha T, Malkin D. Inherited TP53 mutations and the
Li-Fraumeni syndrome. Cold Spring Harb Perspect

46.

47.

48.

49.

50.

S1.

52.

53.

Med [Internet]. 2017;7(4):a026187. Available from:
http://dx.doi.org/10.1101/cshperspect.a026187

Yue X, Zhao Y, Xu Y, Zheng M, Feng Z, Hu W.

Mutant p53 in cancer: Accumulation, gain-of-
function, and therapy. J Mol Biol [Internet].
2017;429(11):1595-606. Available from:

http://dx.doi.org/10.1016/j.jmb.2017.03.030

Pfister NT, Prives C. Transcriptional regulation by
wild-type and cancer-related mutant forms of p53.
Cold Spring Harb Perspect Med [Internet].
2017;7(2):a026054. Available from:
http://dx.doi.org/10.1101/cshperspect.a026054

Storey A, Thomas M, Kalita A, Harwood C, Gardiol
D, Mantovani F, et al. Role of a p53 polymorphism in
the development of human papillomavirus-associated
cancer. Nature [Internet]. 1998;393(6682):229-34.
Available from: http://dx.doi.org/10.1038/30400

Apple RJ, Erlich HA, Klitz W, Manos MM, Becker
TM, Wheeler CM. HLA DR-DQ associations with
cervical carcinoma show papillomavirus-type
specificity. Nat Genet [Internet]. 1994;6(2):157-62.
Available from: http://dx.doi.org/10.1038/ng0294-
157

Chen D, Juko-Pecirep I, Hammer J, Ivansson E,
Enroth S, Gustavsson I, et al. Genome-wide
association study of susceptibility loci for cervical
cancer. J  Natl Cancer  Inst [Internet].
2013;105(9):624-33. Available from:
http://dx.doi.org/10.1093/jnci/djt051

Drews CM, Case S, Vande Pol SB. E6 proteins from
high-risk HPV, low-risk HPV, and animal
papillomaviruses activate the Wnt/B-catenin pathway
through E6AP-dependent degradation of NHERFI.
PLoS Pathog [Internet]. 2019;15(4):e1007575.
Available from:
http://dx.doi.org/10.1371/journal.ppat. 1007575

Sud A, Kinnersley B, Houlston RS. Genome-wide
association studies of cancer: current insights and
future perspectives. Nat Rev Cancer [Internet].
2017;17(11):692-704. Available from:
http://dx.doi.org/10.1038/nrc.2017.82

Purcell S, Neale B, Todd-Brown K, Thomas L,
Ferreira MAR, Bender D, et al. PLINK: a tool set for
whole-genome association and population-based
linkage analyses. Am J Hum Genet [Internet].
2007;81(3):559-75. Available from:
http://dx.doi.org/10.1086/519795

1JDDT, Volume 16 Issue 6, 2026

Page: 516



