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Abstract: 
 Fifteen human papillomaviruses (HPVs) cause cervical cancer with a high risk of infection. 
Although genital HPV infections are common in young women, the majority of infections resolve 
spontaneously. Variations in host genes involved in immune response pathways may affect the outcome of 
HPV infection and cervical cancer in high-risk individuals. The findings of preclinical studies have 
revealed associations between genetic variants in many susceptibility loci for cervical malignant 
transformation and the development of the disease. However, many of these accounts are contradictory. 
Since conflicting findings have been reported across populations, well-designed global collaborative 
research is necessary to establish the consistency of the connections, paving the way for a more precise 
definition of patients at high risk of developing cervical cancer. 
 
Keywords —Cervical cancer, genome-wide association studies, human papillomaviruses  

----------------------------------------************************----------------------------------

I. INTRODUCTION 

Cervical cancer has been one of the most frequent 
cancers in women. High-risk human 
papillomaviruses (HPVs) is the main requisite 
which causes cervical cancer (1). HPV consists of 2 
types in total which is the low-risk and the high-risk 
types. HPVs that usually pose cervical cancer is the 
high risk one from an epidemiological survey it has 
15 genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 
56, 58, 59, 68, 73, and 82) (2). Among all of these 
genotypes the most found detected in cervical 
cancer patients is HV16 moreover according to a 
prospective cohort study it was also the most 
pertinacious HPV type during infection with HPVs. 
It might also be related to head and neck squamous 
cell carcinomas (3-5).The HPV16 structure is 
double-stranded 7,908 bp molecule and there are 
three regions: the early region consists of the E1 
and E2 (6-8). The replication of viral protein also 
requires these proteins. The late region, including 
L1 and L2; and the long control region (LCR), that 
is consists of controlling transcription and 
replication sequences (9, 10). AT-rich sequence 

would be recognized and bonded by the protein E1 
within the viral DNA origin of replication in 
cooperation with the E2 protein and the complex 
composed of the E1 and E2 proteins then binds to 
the viral origin of replication with high affinity and 
starting DNA replication via the E1 ATP-dependent 
helicase domain(11, 12). From the studies it 
indicated that different regions and ethnicities show 
different diffusion of HPV16 variants (13, 14). The 
aim of this review is to identify gene mutations that 
are involved in an increasing risk of cervical cancer. 
in order to detect it beforehand so it could help 
promoting therapeutic success of cervical cancer 
treatment. 

 

II. CERVICAL CANCER 
At least 200 HPV types have been identified, 

however, not many are genuinely carcinogenic and 
are listed as high-risk HPV types, consisting of the 
well-known HPV-16 and HPV-18, which are 
associated with squamous cell carcinomas (15-17). 
Moreover, E6 and E7 which are encoded by the 
HPV promote cellular proliferation, inhibit the 
death of cells, and inhibit cell cycle arrest 
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mechanisms which in result are  involved in the 
formation of cancer(18, 19). These mechanisms 
either accelerate cell division or impair the normal 
regulation of the cell-cycle progression system, 
resulting in uncontrolled cell growth and, 
potentially, cancer (20). Despite the high 
prevalence of HPV infection in squamous cell 
carcinomas, study results indicate that infection 
with only HPV is insufficient to induce cancer (21, 
22). Indeed, most HPV infections are asymptomatic 
and resolve spontaneously within a year, with 90 
percent naturally resolving within two years (23, 
24). Precancerous growths do not occur frequently: 
only a tiny percentage of cases show persistent viral 
infections, which result in the development of 
epithelial lesions and thus raise the risk of cancer 
but are not definite cancer indicators. HPV-positive 
cancers are found in younger patient populations 
and have been indicated to lead to a better survival 
rate (25-27). Numerous previous studies have 
linked improved the percentage of survival to 
younger ages and less tobacco and alcohol use, 
thereby discounting the importance of HPV as a 
prognostic factor (28-30). Nevertheless, some 
studies refute the mentioned method, demonstrating 
that prognosis differences persist even after 
adjusting for prognostic factors such as age, 
smoking, and alcohol consumption (31). 

The method that HPV targets genes that are fatal 
in order to generate various cancers has been 
suggested by this study imitates which is similar to 
an effect from somatic driver mutations (32, 33). 
Because this group of genes might vary from the 
usual drivers in HPV-negative cases, be aware that 
the corresponding set of genes could be different 
(33). The hypothesis above implies that it must be 
associated with specific somatic driver mutations in 
order for an HPV infection to cause cancer (34, 35). 
On the other hand, an HPV infection by itself is 
insufficient, as HPV does not cause cancer through 
all the somatic driver mutations needed (36). 
Because HPV infection can serve as a long-term 
substitute for somatic mutation accumulation, it 
cuts down on the number of driver mutations 
required to induce cancer for HPV-positive patients 
(37-39). This also implies that the mimicking effect 
is weaker than the random set of somatic driver 

mutations effect on a carcinogenic effects necessary, 
which may help explain the observation that HPV-
positive cancer patients usually have better 
prognosis. 
 

III. MUTATION OF GENES 
Unfortunately, the development of cervical 

cancer cannot always be attributed to HPV, as 70% 
to 90% of individuals can clear the virus from their 
bodies after twelve to twenty-four months of initial 
diagnosis, and intervention is not necessary (40-42). 
Familial aggregation in the occurrence of cervical 
cancer has been demonstrated to exist and involves 
strong, intermediate, and mild familial associations 
(43-45). Because of this, it's crucial to perform 
molecular epidemiological studies in order to find 
the host genetic elements and identify the patient 
subset that are associated with the increasing rate of 
carcinogenesis in cervical cancer, which will help 
maximise the overall effectiveness of cervical 
cancer prevention strategies (46). 

 
A. Interleukin-1B gene (IL-1B) 

This protein, which is known as IL-1β, is 
involved in the innate immune system's 
inflammatory response. Several studies have proven 
that IL-1β is essential in developing cervical cancer. 
[1, 2]. Cervical cancer incidence was shown to be 
elevated among patients whose plasma IL-1β rates 
were about 75% or more quartile in controls (1.74 
times as common) (47-50). It appears that 
polymorphisms in the regulatory regions of the 
interleukin-1B gene contribute to variation in IL-1B 
levels between individuals, which appear to be 
dependent on functional variation (48, 51). In the 
case of C-511T (rs16944), multiple case-control 
studies were performed to determine whether the 
IL-1B promoter SNP C-511T (rs16944) is 
associated with the development of cervical cancer. 
It has been proved that cervical cancer 
susceptibility is increased because of the IL-1B-
511T along with -31C alleles, especially in subjects 
with high levels of IL-1β(49, 52-54). 

 
B. Tumor necrosis factor A gene (TNFA) 

Another potent pro-inflammatory cytokine 
known as TNF-, encoded by the TNFA gene and 
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produced by the TNFA protein is associated with 
the management of HPV infection (55). Many of 
the cervical cancer cell lines and patient washing 
fluid that were tested had elevated TNF-α levels. It 
is believed that TNF- controls HPV infection by 
induction of apoptosis in cells that have been 
infected with HPV, halting the growth of infected 
keratinocytes, and down-regulating HPV 
transcription in HPV-infected keratinocytes (56, 57). 
The TNF-α-308A variant in the promoter region 
has been one of the keys focuses of most published 
studies on TNFA polymorphisms (58-60). Others, 
however, found no evidence to support the 
hypothesis that individuals with the GA/AA 
genotype were at elevated risk of cervical cancer 
(58). 
 
C. Human leukocyte antigen genes (HLA) 

HLA is necessary for the presentation of viral 
antigens. The activity of the HLA molecule appears 
to be a crucial factor in the induction of an adaptive 
immune response (61). In the development of 
cervical cancer, HLA polymorphisms are believed 
to play a role in HPV control because of their 
function in the immune system (62, 63). A variety 
of case-control studies have found links between 
particular HLA alleles and the risk of cervical 
cancer (64-66). In a meta-analysis, Yang et al. 
found that seven alleles (HLA DRB1*0403, *0405, 
*0407, *0701, *1501, *1502, and *1503) were 
closely linked with cervical squamous cell 
carcinoma, while four additional alleles (HLA 
DRB1*0901, *1301, *1302, and *1602) were 
negatively related (67). A heterodimer composed of 
interleukin-12A (IL12A) and interleukin-12B 
(IL12B) is an inflammatory cytokine constructed 
between 35,000 p35 lights (known as IL12A) and 
40,000 p40 heavy chains (known as IL12B), which 
stimulates interferon β (IFN-β) production (68). 
Aside from its antiviral properties, IL-12 is 
important for the person's resistance to 
carcinogenesis (68).  
 
D. Interleukin-10 gene (IL-10) 

Studies have documented a pattern of increased 
Th2 and decreased Th1 cytokine . Innate and Th2 
immunity functions are stimulated by IL-10, but an 

immunological response by Th1 is suppressed (69, 
70). Increased IL-10 serum levels have an effect on 
both the progression and chance of generating 
cervical cancer in women with CIN and cervical 
cancer and cervical cancer (71, 72). The IL-10 
promoter has identified three polymorphisms, at 
positions -1082, -819 and -592. GG is associated 
with a high level of IL-10, and a single nucleotide 
polymorphism (SNP) (-1082) is significant in 
cytokine production (71).  
 
E. Cytotoxic T-lymphocyte antigen-4 gene (CTLA-4) 

A CTLA4 gene located on chromosome 2q33 
encodes a receptor that is used by activated T cells 
(73). SNPs in CTLA4 have been shown to increase 
the risk of developing autoimmune disease and 
cancer. A polymorphism in the CTLA4 gene at 
position 49 caused by a single amino acid 
substitution at the end of the receptor's leading 
peptide results in a Thr to Ala change in the 
receptor's CTLA4 protein. Recombinant CTLA4-
17Ala was found to inhibit T-cell proliferation and 
activation significantly better than CTLA4-17Thr in 
a recent study (74). A molecular epidemiological 
study found that CTLA4 G49A was significantly 
linked with the risk of developing a range of 
different types of cancer. Despite numerous studies 
which have looked into the connection between the 
CTLA4 G49A variant and the risk of cervical 
cancer, no significant associations have been found 
or were ever found risk of developing this disease 
(75-77). 
 
F. p53  

p53 protects the human genome's integrity by 
regulating cell cycle arrest, DNA repair, and 
apoptosis. HPV oncoprotein E6 is described as 
being able to degrade p53 in the ubicitin pathway 
leading to chromosomal instability and cellular 
malignancy (78, 79). Codon 72 of p53 is a well-
known common SNP, with two alleles encrypting 
either arginine or proline (80). According to Storey 
et al. HPV-associated cervical carcinogenesis 
individuals homozygous to P53Arg are seven times 
more susceptible to heterozygotes, numerous 
groups examined the effect of p53 codon 72 
polymorphism on cervical cancer risk (81). 
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Additional subgroup analyses revealed that only 
three of the eleven studies mentioned above 
reported excess risks (82, 83).  
G. Breast cancer susceptibility gene 1 (BRCA1) and BRCA1-

associated ring domain protein 1 (BARD1) gene 

BRCA1 (also known as the E6 and E7 
oncoproteins) was found to be related directly with 
and functionally antagonise E6 and E7 oncoproteins, 
indirectly inhibiting BRCA1-dependent p53 
transcription (84). An established hypothesis about 
the formation of a BRCA1-BARD1 complex has 
been advanced, and it has been discovered that 
BRCA1 and BARD1 interact to form a stable 
BRCA1-BARD1 complex in the nucleus (85). 
BRCA1 and BARD1 have also been found to 
interact to cause E6 inactivation and to keep p53 in 
a steady state. We undertook a case-control study in 
which we typed the BRCA1 Pro871Leu (rs799917) 
and BARD1 Pro24Ser (rs1048108) and discovered 
in a recessive genetic model, people with the TT 
genotype of the BRCA1 SNP rs799917 had a 62% 
lower risk of developing cervical cancer (86-88). 
 
H. ESR1 

When other growth factors (such as estrogen) are 
present, ESR1 binds and activates itself as a 
transcription factor, and it associates with numerous 
other genes to produce a change in their expression 
levels (89). Many previous genome-wide breast 
cancer studies have discovered numerous ESR1 
mutations in metastatic kinds of the disease (90). 
Echoing previous findings, subsequent studies 
confirmed and, in some cases, dramatically 
increased the resistance of ESR1-mutated samples 
to aromatase inhibitors (91). Endometrial and 
colorectal cancer have also been found to have rare 
variants in ESR1 (92). Cervical cancer shares 
genetic aberrations with breast cancer, including 
frequent mutations in the PIK3CA, TP53, PTEN, 
and ARID1A genes, and these aberrations are also 
connected to increased levels of oestrogen in the 
body. Moreover, increased levels of oestrogen can 
impact the development of both breast and cervical 
cancer (93). According to these similarities, it 
appears that cervical cancer may harbour the ESR1 
mutations, as well (94). The preliminary 
investigation sought to verify the theory that 

distinct forms of cervical cancer display different 
frequencies of ESR1 mutations. The analysis of 207 
cervical squamous cell carcinoma (CCa) samples 
showed the presence of three heterozygous 
missense ESR1 mutations, whereas no mutations 
were found in the 27 adenosquamous carcinomas 
(ACCa) or 26 adenocarcinomas (ACCa) samples 
(93, 94). The identified ESR1 mutations may prove 
to be of predictive value, and this may enable 
researchers to obtain insight into the diagnosis and 
molecular treatment of cervical cancer. 

 
CONCLUSIONS 

Cervical cancer is a condition in which 
malignant cells develop in the cervix's tissues. The 
vast majority of cases are caused by long-term 
infections with specific types of HPVs. Cervical 
cancer has been linked to genetic changes in several 
classes of genes. This new understanding gained 
from genetic susceptibility studies may pave the 
way for new methods of predicting whether a 
tumour will respond to targeted therapy and 
immunotherapy treatment. 
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