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Single-nucleotide polymorphisms (SNPs) of the cytotoxic T-lymphocyte antigen-4 (CTLA-4) gene found in
exon | are directly associated with the progression and onset of autoimmune disease and various human can-
cers. These SNPs are commonly known prognostic biomarkers for the prediction and early onset of cancer
risk. The variant frequency of CTLA-4 rs231775 (+49 A>G) polymorphisms may affect the various ethnic
groups differently. This study assessed the allelic frequency distribution of rs231775 (+49 A>G) polymor-
phisms in the Saudi Arabian population and compared it with other world populations. The data were extracted
from case-control studies in several ethnic groups using PubMed (Medline) and similar web databases. The
frequency of CTLA-4 rs231775 (+49 A>G) variant allele (G) was observed at 33.0% and different frequencies
were found significant for Pakistan (p=0.02), China (p=0.05), China (p= 0.00), Iran (p=0.00), Poland (p=0.00),
the USA (p=0.00) and Turkey (p=0.02) when the prevalence of Saudi Arabian population is compared to that
of other populations. The observed finding reveals a distinct pattern of CTLA-4 rs231775 (+49 A>G) poly-
morphism variant allele in the populations of Saudi Arabia, maybe because of the differences in ethnicity. The
observed findings can help assess the risk for the population harboring the risk allele of the rs231775 (+49
A>G) SNP and their subsequent susceptibility to cancer.
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1. Introduction

host DNA contributes significantly to the susceptibility to

Cancer is a complex genetic disorder and is an impor-
tant factor in death worldwide [1], with approximately 10
million deaths related to cancer reported in the year 2020.
Worldwide, it is a major health problem and the second
leading cause of death reported in the United States [2].
The rising incidence and mortality of cancer are currently
it is regarded as the major causes of death in the globe.

The incidence of cancer variation globally is caused
mainly by genetic as well as environmental factors like io-
nizing radiation, which causes damage to DNA and geno-
mic loss of integrity associated with defects in DNA repair
systems, which increases the risk of cancers.

The impact of genetic changes on the repair system of

cancer. SNPs are the changes of a single base found in at
least 1% of populations, consisting of effects of minor in-
dividuals, although multiple SNPs' additive impact on the
onset and progression of cancer makes them important tar-
gets of studies. The SNP reduces the DNA repair capacity
(DRC), which renders the host increasingly susceptible to
cancers in comparison to other populations.

There are several causative factors of cancers, some
external factors (like tobacco, chemicals, some infectious
agents, and radiation) and various internal factors (like
mutations, hormones, and immune conditions). These fac-
tors interplay simultaneously, leading to the initiation or
progression of carcinogenesis. The chemical substances

x Corresponding author.

E-mail address: mdsalmanakhtar@yahoo.com; milyas@bu.edu.sa (M. S. Akhtar).

Doi: http://dx.doi.org/10.14715/cmb/2025.71.11.4



https://portal.issn.org/resource/issn/1165-158X
http://crossmark.crossref.org/dialog/?doi=10.14715/cmb/2025.71.11.4&domain=pdf

https://www.openaccess.nl/en/what-is-open-access

CTLA-4 rs231775 and cancer susceptibility.

Cell. Mol. Biol. 2025, 71(11): 31-37

found in the environment that have a carcinogenic nature
play a direct or indirect role in the cytoplasmic and nuclear
regions of cells and cause genetic disorders. Other factors
that cause cancers are viruses, bacteria, and exposure to
radiation comprise approximately 7% of all types of can-
cers. Cancer is one of the important risk factors for mor-
tality, and it is estimated that in the year 2012, about 14.1
million people were diagnosed with cancer, also reported
that worldwide approximately 8.2 million deaths occur-
red. In 2018, the global incidence of new cancer cases was
approximately 18.1 million, with cancer-related fatalities
reaching around 9.6 million. These figures highlight the
substantial burden of cancer worldwide and underscore
the critical need for effective prevention, early detection,
and treatment strategies to reduce morbidity and mortality
associated with the disease.

The cancer patient's survival rate, having unresectable
tumors, can be increased by using chemotherapy or tar-
geted radiation therapy, although their harmful effects
and resistance towards drugs are considered challenging,
because of the heterogeneous properties of tumors [3]. Se-
veral studies have reported that the intricate relationship
between cancer and the immune system forms the founda-
tion for the development and application of immunothe-
rapy as a treatment strategy.

The CTLA-4 gene, known as CD152, is a costimula-
tory molecule gene that shows an important function in
immune responses. Transiently CTLA-4 expression-acti-
vated T cells inhibit the production of cytokine T cells.
The binding affinity of CTLA-4 has costimulatory recep-
tors B7-1 (CD80) and B7-2 (CD86) over the antigen-pre-
senting cells (APC), which produces an inhibition of si-
gnals that suppresses the activation of T cells. The immune
response regulation by co-stimulation and co-inhibition
of signals plays an important role in cancer progression
control. CTLA-4 is a widely studied checkpoint molecule
in the progression of cancer [4]. The CTLA-4 expression
by different cell tumor types reduces antitumor immunity
via T-cell-mediated activity.

The gene CTLA-4 comprises 4 exons, situated at chro-
mosome 2 (2q33.2). This region has several genes associa-
ted with immune regulation [5]. In breast cancer progres-
sion, the antitumor role played by activated T-cells can be
attenuated by over-expression levels of CTLA-4, although
the antitumor properties can be stimulated by lowering
CTLA-4 actions [6]. The highly polymorphic CTLA-4
gene and several SNPs of this gene affect protein activities
and gene expression. However, several studies reported
that this gene polymorphism has a direct correlation with
many diseases in diverse populations.

Evident from research has shown that earlier studies
have reported that the genetic variants of the CTLA-4 gene
have an association with several cancers, such as colorectal
cancer (CRC), hepatocellular carcinoma (HCC), and head
and neck cancer (HNC) [5]. CTLA-4 inhibits the immune
response and reduces tumor-killing activity. Over 100
SNPs have been identified in the CTLA-4 gene; among
these, the A>G polymorphism at position +49 in exon 1
results in an amino acid substitution from threonine to ala-
nine in the CTLA-4 protein. This specific polymorphism
may influence CTLA-4's function and has been studied
for its role in immune regulation and cancer susceptibi-
lity. Various genetic variant was observed in the CTLA-
4 gene, one of them the missense variant rs231775 c.49

A>Q, found in exon 1, is a potent polymorphism, showing
a potential role in malignancies and their progression [7].
In various studies, it was found A allele (17 Thr) played an
increasing breast cancer risk, although the G allele (17Ala)
performed a protective role in breast cancer.

Various epidemiological studies were conducted for
the investigation of the correlation of CTLA-4 rs231775
+49 A>G polymorphism and its role in cancer progres-
sion. Even though CTLA-4 is located in the exonic region
for cancer risks, their presence, and functional effects of
rs231775 +49 A>G polymorphism in the Saudi Arabian
population in any type of cancer have yet not be elucida-
ted.

The current study aims to determine the frequency dis-
tribution of CTLA-4 rs231775 +49 A>G polymorphisms
among the healthy normal population of Saudi Arabia and
compare it with various other epidemiological investiga-
tions carried out worldwide.

2. Materials and Methods
2.1. Gene variants search criteria

The literature search was conducted using databases
including PubMed, CGEMS, Web of Science, Embase,
and EBSCO, employing keywords such as “CTLA-4,”
“rs231775,” “+49 A>G,” and “polymorphisms.” The
search included studies on human subjects reported in
any language. Eligible studies reported genotype frequen-
cies for the control population. However, studies provi-
ding only allele frequencies without genotype data were
excluded from this analysis to ensure consistency and
accuracy in assessing genotype distributions across popu-
lations.

The first author's name, publication years, nationality
of subjects, type of research, number of controls, crite-
ria of inclusions and exclusions, alleles, and genotype
frequencies of the subjects were abstracted for each study
that qualified those criteria. If various reports were found
from the same race, the most recent published data were
included. Data on the population of Saudi Arabia were
included in the most recent reports.

In this study, the prevalence rate of CTLA-4 rs231775
+49 A>G polymorphisms was extracted from nineteen
studies [5, 8-24] (Table 1) that the gene variants of CTLA-
4 15231775 (+49 A>QG) were analyzed in different popu-
lations and it was matched with the population of Saudi
Arabia [8] (Table 2), the Observed and expected genotype
frequency of CTLA-4 1231775 (+49 A>G) polymor-
phisms in the control groups of the study.

2.2. Statistical analysis

For the comparison of the allelic and genotypic frequen-
cies, Pearson's 2 test was applied to different populations
by applying the statistical software program SPSS (ver-
sion 21). The Hardy-Weinberg Equilibrium (HWE) was
applied in this study by using the Court Lab (a software
program based on the web). In the analysis, the p-value
was found to be p<0.05 is considered statistically signi-
ficant.

3. Results

In the study conducted by Al-Harbi et al., [8] was used
to extract data about the prevalence of the CTLA-4 exon
1 Thr17Ala (+49 A>G) polymorphism in the Saudi Ara-
bian population. Eighteen (Shabbir et al., [9], Ali et al.,
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Table 1. Studies included in the CTLA-4 rs231775 (+49 A>G) gene variant analysis in different populations.

Study Country/ Ethnicity Race Disease/ Cancer types Total no. of subjects (n)
Al-Harbi et al., 2023 [8] Saudi Arabia Asian CRC 97
Shabbir et al., 2022 [9] Pakistan Asian HCC 216
Ali etal., 2022 [10] Egypt African HCV 162
Babteen et al., 2020 [11] Egypt African BC 179
Zou et al., 2018 [5] China Asian CRC 1303
Enciso-Vargas et al., 2018 [12]  Mexico North America HCV 215
Chang et al., 2017 [13] China Asian DTC 350
Diler., 2017 [14] Turkey Caucasian PC 119
Arikan et al., 2017 [15] Turkey Caucasian GC 105
Isitmangil et al., 2016 [16] Turkey Caucasian BC 76
Tang et al., 2016 [17] China Asian GCA 608
Wang et al., 2015 [18] China Asian CRC 389
Farbod et al., 2015 [19] Iran Asian BC 100
Liu et al., 2015 [20] China Asian HCC 78
Minhas et al., 2014 [7] India Asian BC 250
Antczak et al., 2013 [21] Poland European NSCLC 104
Bharti et al., 2013 [22] India Asian ocC 180
Welsh et al., 2009 [23] USA Caucasian NMSC 819
Dilmec et al., 2008 [24] Turkey Caucasian CRC 162

CRC, Colorectal Cancer; HCC, Hepatocellular carcinoma; NSCLC, Non-Small-Cell Lung Cancer; BC, Breast Cancer; CC, Cervical cancer; PC,
Prostate Cancer; OC, Oral Cancer; GC, Gastric Cancer; HCV, Hepatitis C Virus infection; GCA, Gastric cardia adenocarcinoma; NMSC, Non-

Melanoma Skin Cancer; DTC, Differentiated Thyroid Carcinoma

Table 2. Observed and expected genotypic frequencies of CTLA-4 rs231775 (+49A>QG) polymorphism in the control group.

Observed Genotype (n Expected Genotype (n -
Study type (n) p type (n) MAF p-value

AA AG GG AA AG GG (HWE)
Al-Harbi et al., 2023 [8] 38 54 05 44 43 11 0.330 0.01

[10], Babteen et al., [11], Zou et al., [5], Enciso-Vargas
et al., [12], Chang et al., [13], Diler., [14], Arikan et al.,
[15], Isitmangil et al., [16], Tang et al., [17], Wang et al.,
[18], Farbod et al., [19], Liu et al., [20], Minhas et al., [7],
Antczak et al., [21], Bharti et al., [22], Welsh et al., [23],
Dilmec et al., [24]) studies were included for the compara-
tive analysis of the Saudi population with Asian, African,
Caucasian, North American and European populations,
respectively.

According to genotype distribution, the minor allele
frequency (MAF) of CTLA-4 15231775 +49 A>G poly-
morphisms was found to be 33.0% in the population of
Saudi Arabia, which was found consistent with the HWE
accordingly as shown in Table 2. The different MAF was
found in the genotypes (AA, AG, and GG), and the dis-
tribution of allelic frequencies of polymorphisms studied
in several populations is shown in Table 3. The different
MAFs were observed significantly for the ethnicity of
Pakistan (p = 0.02), China (p = 0.05), China (p = 0.00),
Iran (p = 0.00), Poland (p = 0.00), the USA (p = 0.00) and
Turkey (p = 0.02) to that of CTLA-4 rs231775 +49 A>G
observed frequencies in the populations of Saudi Arabia
were matched with other population groups (p = 0.01).

This CTLA-4 genetic variant in the exon 1 is a mis-
sense variation leading to a threonine to alanine substitu-
tion at codon 17 (Thr17Ala). However, CTLA-4 prevents
immune response and its tumor-killing activity. More than
100 SNPs are found in the CTLA-4 gene, out of which

AG dysmorphism, situated on +49 of exon 1, is due to an
amino acid change (threonine to alanine) in the CTLA-
4 protein. Various genetic variants were observed in the
CTLA-4 gene; one of them, the missense variant rs231775
c.49 A>G, located in exon 1, is a potent polymorphism
that may play a role in malignancies and their progression

[7].

4. Discussion

Cancer is a multifactorial genetic disease that results
from the interplay of genetics and various environmental
factors, which influence disease progression throughout a
person's lifetime. The etiology of cancer is a multistep pro-
cess and is not fully understood, although several factors,
including genetic and immunological factors, play an im-
portant role. The immune system's network is a complex
pathway, and its activation by tumor antigens can destroy
tumor cells, as reported in some cases. Commonly known
cells that play a role in the rejection of tumors, such as
natural killer cells and T-cells. CTLA-4 is an immunore-
gulatory molecule involved in the process of homeosta-
sis of the immune system. The genomic polymorphism of
this molecule affects the level of transcription, translation,
and its functions. The apoptotic process and cellular pro-
liferation are the fundamental processes that play a vital
function, leading to tissue homeostasis [25]. Alteration in
the apoptotic response may cause intimal cell accumula-
tion by the process of therogenesis [26]. In humans, es-
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Table 3. CTLA-4 rs231775 (+49A>Q) gene variant genotype and allele frequency distribution in different populations and p-values in contrast to
the Saudi Arabian population.

Disease  Total no. Genotype Allele  T,¢a1 A Allele G Allele

Study /tumor ofsubjects p-value MAF
AA AG GG A G  Alleles frequency frequency

type (n)
Al-Harbi Ref.
et al., CRC 97 38. 54 05 130 64 194 0.670 0.330 0 01’ 33.0
2023 [8] )
Shabbir et
al., 2022 HCC 216 00 55 161 55 377 432 0.128 0.872 0.02* 87.2
i et al
iet al,
2022 [10] HCV 162 112 48 02 272 52 324 0.840 0.160 0.24 16.0
Babteen et
al., 2020 BC 179 67 92 20 226 132 358 0.631 0.369 0.17 36.9
[11]
ggilge[ts?l" CRC 1303 116 564 623 796 1810 2606 0.305 0.695 0.45 69.5
Enciso-
Zirgggle; HCV 215 93 89 33 275 155 430 0.640 0.360 0.14 360
[12]
Chang et
al.,, 2017 DTC 350 49 142 159 240 460 700 0.342 0.658 0.05* 65.8
[13]
Diler . po 119 67 43 09 177 61 238 0.743 0.257 0.63 257
2017 [14] ' ’ ' ’
Arikan et
al.,, 2017 GC 105 50 46 09 146 64 210 0.696 0.304 0.65 30.4
[15]
Isitmangil
et al., BC 76 34 36 06 104 48 152 0.685 0.315 0.35 31.5
2016 [16]
Tang et
al.,, 2016 GCA 608 50 272 286 372 844 1216 0.306 0.694 0.18 69.4
[17]
Wang et
al.,, 2015 CRC 389 101 147 141 349 429 778 0.449 0.551 0.001* 551
[18]
Farbod et
al., 2015 BC 100 28 69 03 125 75 200 0.625 0.375 0.002* 37.5
[19]
Liu et al.,
2015 [20] HCC 78 07 33 38 47 109 156 0.301 0.699 1.00 69.9
Minhas et
al., 2014 BC 250 105 121 24 331 169 500 0.662 0.338 0.18 33.8
[7]
Antczak et
al., 2013 NSCLC 104 49 33 22 131 77 208 0.630 0.370 0.003*  37.0
[21]
Bharti et
al., 2013 OoC 180 75 80 25 230 130 360 0.638 0.362 0.56 36.2
[22]
Welsh et
al., 2009 NMSC 819 318 353 148 989 649 1638 0.603 0.397 0.001*  39.7
[23]
Dilmec et
al.,, 2008 CRC 162 108 43 11 259 65 324 0.800 0.200 0.02* 20.0
[24]

CRC, Colorectal Cancer; HCC, Hepatitis-related hepatocellular carcinoma; HCV, hepatitis C virus infection; BC, Breast Cancer; CC, Cervical
cancer; HCC, Hepatocellular carcinoma; PC, Prostate cancer; OC, Oral Cancer; GC, Gastric Cancer; GCA, Gastric cardia adenocarcinoma; DTC,
Differentiated Thyroid Carcinoma
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trogen and progesterone are regulatory hormones for the
developmental process of the mammary which results in
proliferation and differentiation of cell growth. Although
these hormones promote the tumorigenic process [27]. In
the case of blood cancer, leukemia progression has been
reported for many years; however, the actual mechanisms
of hematological cancer remain unknown [28].

The CTLA-4 gene rs231775 (+49 A>QG) is a widely
studied polymorphism that has been identified as a suscep-
tibility locus for autoimmune diseases. The fundamental
function of the immune system is to control the progres-
sion of malignancies [24]. Immune responses are attenua-
ted by CTLA-4 after activation of T-cells, and mutation of
these regulatory molecules leads to autoimmune disease
in humans [29]. Alternatively, the association of CTLA-4
gene variants and their splicing has been observed, and
the role of CTLA-4 in the immune checkpoint leads to
the downregulation of the immune response. The survival
rate can be improved in cases of carcinoma of renal cell,
head, and neck squamous cell, non-small cell lung cancer,
and melanoma by blocking the immune checkpoint of the
CTLA-4, and acts as a target gene for the treatment of can-
cer in the future. Polyphenols are one of the most effective
phytochemicals that have been applied for the treatment of
cancer, hepatitis, diabetes, kidney disease, brain disorders,
etc., via gene targets that are involved in the pathophysio-
logy of complex diseases [30].

A study reported that high-level of CTLA-4 expression
found in breast tumor tissues is a prediction of the worst
prognosis via antitumor immunity suppression. It was ob-
served from other studies that CTLA-4 overexpression is
more than 50% of breast tumor tissues as compared to that
of benign breast tissues. These observations supporting the
CTLA-4 involvement could be in the developmental pro-
cesses of cancer progression. Numerous studies have been
conducted on the functions of genes that encode proteins
involved in immune regulation, such as CTLA-4 polymor-
phisms, which are associated with tumors, autoimmune
diseases, and hepatitis B [31].

The effect of CTLA-4 polymorphic alleles on the func-
tions and protein expressions. However, various studies
have reported a correlation between the risk of breast tu-
mors and CTLA-4 (+49 A>G) polymorphisms. Expression
of this gene has different effects in the process of different
phases of T-cell response, reaching the level of threshold
for T-cell activation, by suppressing T-cell proliferation,
which induces the processes of apoptosis. It was observed
that the polymorphisms rs231775 (+49 A>G) were found
as a potential risk factor in HCV-induced HCC in the po-
pulation of Pakistan [9].

The SNP 15231775 (+ 49 A>G) is linked to a high risk
associated with different types of cancers. Several other
studies have linked the rs231775 gene to various cancers,
including colorectal, hepatocellular carcinoma, lung, cer-
vical, prostate, oral, gastric, hepatitis C virus infection,
gastric cardia adenocarcinoma, non-melanoma skin can-
cer, and differentiated thyroid carcinoma [5, 9-24]. The
SNP rs231775 was observed to be significantly associated
with the Saudi Arabian population [8], confirming early
findings [9, 13, 18, 19, 21, 23, 24].

According to Shabbir et al. [9] observed that the effect
of polymorphism (rs231775) found in the exonic region
is susceptible to HCC. It was found that the genotype AG
of r1$231775 in HCV-induced HCC patients was found at

high frequencies; however, in the case of control samples,
the dominant genotype was GG. The GG genotype plays a
protective role in the case of HCV-induced HCC patients
[9].

According to Wang et al. [18], it was found that the cor-
relation of CTLA-4 polymorphism rs231775 (+49 A>QG)
and risk of colorectal cancer. The associations were obser-
ved significantly among the population of Asians, but not
in the populations of Caucasians Wang et al., [18].

It was observed by Dilmec et al. [24] that a decreased
CTLA-4 rs231775 +49AA genotype frequency in CRC
patients, showing a correlation of this polymorphism with
a high risk of CRC. However, no significant association
was observed with CTLA4 +49 G polymorphisms in co-
lorectal cancer risks in the patients of Italian Caucasians
[32] and populations of Iran [33].

A study was carried out by Farbod et al. [19] for the
determination of correlation between polymorphisms AA,
AG, and GG of the CTLA-4 gene associated with breast
cancer risks. It was observed that the AA and GG genotype
frequencies in patients with breast cancer are higher as
compared to controls, while the genotype AG is common-
ly found in healthy controls. Such observation confirms
the other two studies and their findings conducted in Iran
[34] and China [6], which observed that genotype GG is
commonly found in patients with breast cancer. Reported
in one study by Erfani et al. [35] regarding genotype AG,
they did not observe any differences in their study groups.
In China, other studies suggest the genotype AG is more
prevalent in patients with breast cancer [36].

According to Antczak et al. [21], CTLA-4 +49 A>G
Polymorphism analysis showed that there is a limitation
in terms of their functions. SNPs located at +49 A>G are
associated with the transition of adenine to guanine (A>G)
found in exon 1 of the CTLA-4 gene that codes the leading
sequences of CTLA-4 protein, corresponding to a substi-
tution of amino acid Thr to Ala. In this way, it can be cor-
related with antitumor immune responses more effectively
and decrease the risk of cancer.

In a study conducted by Welsh et al. [23], the polymor-
phism 15231775 (+49 A>QG) was found to have an impact
on the susceptibility of the US population to developing
non-melanoma skin cancer.

The discrepancy among various studies is attributed to
factors such as the assessed populations being of different
ethnic groups; various methods of genotyping may affect
the results; several studies have deviated from the HWE;
and study design methods for each study were different,
resulting in a reduction in consistency. However, cancers
and other diseases in humans have different inheritance
patterns.

The progression of diseases and their consequences
on genetic and epigenetic alterations, copy number varia-
tion, and the influences of various environmental factors.
The different prevalence of this rs231775 (+49 A>G) SNP
among the populations suggests that the factors of sus-
ceptibility have various effects on the different population
groups.

In the present analysis, the frequencies of alleles and
genotypes studied do not show the overall ranges of va-
riants at the same location. However, such a study provides
insight into the developmental process of clinical and epi-
demiological databases for prospects. Genome-wide asso-
ciation studies (GWAS) and genetic correlation analyses
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have revealed that common alleles and their frequencies
significantly contribute to the heritable components of
many prevalent complex diseases. This highlights the im-
portance of understanding allele distribution in relation to
disease susceptibility and genetic risk factors.

The association of several genetic model tests is nee-
ded for the identification of essential genes and their cor-
responding SNPs participating in the progression and ear-
ly development of therapeutic interventions of the disease
progression, leading to possible treatments.

However, there are several shortcomings, including
statistical applications and computational analysis, as
well as reproducibility factors, that must be considered for
essential genetic markers used in gene-disease research
associations that could be identified [37].

The allelic variants of the rs231775 (+49 A>G) poly-
morphism in Saudi Arabia's population substantially vary
from different populations in the world. The extracted fin-
dings can be applied for the screening of cancer popula-
tions, as well as in the assessment and prediction of disease
progression significantly, and could be used as a potential
biomarker in the progression of cancer.

Acknowledgments

The research was conducted at the Department of Basic
Medical Sciences, Faculty of Applied Medical Sciences,
Al-Baha University, Al-Baha, Saudi Arabia.

Funding
No fund was received for this study.

Availability of data and materials
The data generated in this study may be requested from the
corresponding author.

Authors contributions

MSA and RAA conceptualized the study. AT, AAAS and
DKM retrieved the data from NCBI and arranged the
same. FK, MAS, and AAZ help in writing the manuscript
and making modifications. AMK and AMA cross-checked
the manuscript and modified the English language. MSA
and RAA- have seen and can confirm the authenticity of
the raw data. All authors read and approved the final ver-
sion of the manuscript. MSA, Mohammad Salman Akhtar;
RAA, Raed A. Alharbi; AT, Arshi Talat. AAAS, Abdul-
majeed AA Sindi; DKM, Dina K. Marghani; FK, Faisal
Klufah; MAS, Mohammad A. Shanawaz; AAZ, Ali A Za-
eri; AMK, Abdulbaset M Kabli; and AMA, Abdulmohsen
M Alruwetei.

Ethics approval and consent to participate
Not applicable

Patient consent for publication
Not applicable.

Competing interest
The authors declare that they have no conflict of interest.

References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A (2022) Cancer statis-

tics. CA Cancer J Clin 72(1):7-33. doi: 10.3322/caac.21708
2. Siegel RL, Miller KD, Wagle NS, Jemal A (2023) CA Cancer J

10.

11.

12.

13.

14.

15.

16.

17.

Clin 73(1):17-48. doi: 10.3322/caac.21763

Biller LH, Schrag D (2021) Diagnosis and Treatment of Metas-
tatic Colorectal Cancer. JAMA 325(7):669-685. doi: 10.1001/
jama.2021.0106

Hung AL, Garzon-Muvdi T, Lim M (2017) Biomarkers and
Immunotherapeutic Targets in Glioblastoma. World Neurosurg
102:494-506. doi: 10.1016/j.wneu.2017.03.011

Zou C, QiuH, Tang W, Wang Y, Lan B, Chen Y (2018) CTLA4 tag-
ging polymorphisms and risk of colorectal cancer: a case—control
study involving 2,306 subjects. Onco Targets Ther 11:4609-4619.
doi: 10.2147/OTT.S173421

LiD, Zhang Q, Xu F, Fu Z, Yuan W, Li D, Pang D (2012) Associa-
tion of CTLA-4 gene polymorphisms with sporadic breast cancer
risk and clinical features in Han women of northeast China. Mol
Cell Biochem 364(1-2):283-290. doi: 10.1007/s11010-012-1228-
8

Minhas S, Bhalla S, Shokeen Y, Jauhri M, Saxena R, Verma I,
Aggarwal S (2014) Lack of any association of the CTLA-4+49
G/A polymorphism with breast cancer risk in a north Indian popu-
lation. Asian Pac J Cancer Prev 15(5):2035-2038. doi: 10.7314/
apjcp.2014.15.5.2035

Al-Harbi N, Abdulla MH, Vaali-Mohammed MA, Traiki TB,
Alswayyed M, Omar Al-Obeed, et al (203) Evidence of Associa-
tion between CTLA-4 Gene Polymorphisms and Colorectal Can-
cers in Saudi Patients. Genes (Basel) 14(4):874. doi: 10.3390/
genes14040874

Shabbir M, Badshah Y, Khan K, Trembley JH, Rizwan A, Faraz
F, et al (2022) Association of CTLA-4 and IL4 polymorphisms in
viral induced liver cancer. BMC Cancer 22(1):518. doi: 10.1186/
$12885-022-09633-x.

Ali ESG, Bassyouni RH, Abdelaleem OO, Hassan EA, Gaber
SN (2022). Association between SNPs of Cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4), programmed cell death 1
(PD-1) and the susceptibility to chronic Hepatitis C infection in
virus C-infected patients. Virus Res 310:198684. doi: 10.1016/].
virusres.2022.198684.

Babteen NA, Fawzy MS, Alelwani W, Alharbi RA, Alruwetei
AM, Toraih EA, et al (2020) Signal peptide missense variant in
cancer-brake gene CTLA4 and breast cancer outcomes. Gene
737:144435. doi: 10.1016/j.gene.2020.144435

Enciso-Vargas M, Ruiz-Madrigal B, Muiioz-Valle JF, Morales-
Balderas OY, Hernandez-Nazara ZH, Martinez-Lopez E, et al
(2018) Association of -319 C/T and +49 A/G polymorphisms of
CTLA-4 gene in patients with hepatitis C virus infection. Med Clin
(Barc) 13;150(7):251-256. doi: 10.1016/j.medcli.2017.06.074.
Chang DF, Chen XH, Huang J, Sun YM, Zhu DY, Xu ZQ (2017)
CTLA-4 gene polymorphisms associate with efficacy of posto-
perative radioiodine-131 for differentiated thyroid carcinoma.
Future Oncol 13(12):1057-1068. doi: 10.2217/fon-2016-0399.
Diler SB (2017) CTLA-4 gene+49 A/G polymorphism in prostate
cancer patients in Turkish population. Adv Cytol Pathol 2(5):142-
145. DOI: 10.15406/acp.2017.02.00037.

Arikan S, Giimiis A, Kii¢iikhiiseyin O, Coskun C, Turan S, Cacina
C, etal (2017) The effect of CTLA-4 and CD28 gene variants and
circulating protein levels in patients with gastric cancer. Turk J
Biochem 42(5): 551-558. doi.org/10.1515/tjb-2017-0024.
Isitmangil G, Gurleyik G, Aker FV, Coskun C, Kucukhuseyin O,
Arikan S, et al (2016) Association of CTLA4 and CD28 Gene
Variants and Circulating Levels of Their Proteins in Patients with
Breast Cancer. In Vivo 30(4):485-493.

Tang W, Wang Y, Chen S, Lin J, Chen B, Yu S, et al (2016) Inves-
tigation of Cytotoxic T-lymphocyte antigen 4 Polymorphisms in
Gastric Cardia Adenocarcinoma. Scand J Immunol 83(3):212-
218. doi: 10.1111/sji.12409

36



CTLA-4 rs231775 and cancer susceptibility.

Cell. Mol. Biol. 2025, 71(11): 31-37

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wang Y, Wang X, Zhao R (2015) The association of CTLA-4
A49G polymorphism with colorectal cancer risk in a Chinese
Han population. Int J Immunogenet 42(2):93-99. doi: 10.1111/
1ji.12181

Farbod M, Shiryazdi SM, Harazi H, Nazari T, Sheikhha MH
(2015) Association between the cytotoxic T-lymphocyte antigen-4
polymorphisms and breast cancer risk and prognosis. J Cancer
Metastasis Treat 1(1):16-20. Doi:10.4103/2394-4722.153314.
LiuZ, Song Z, Sun J, Sun F, Li C, Sun J, Xu L (2015) Association
between CTLA-4 rs231775 polymorphism and hepatocellular car-
cinoma susceptibility. Int J Clin Exp Pathol 8(11):15118-15122.
Antczak A, Pastuszak-Lewandoska D, Gorski P, Domanska
D, Migdalska-S¢k M, Czarnecka K, Nawrot E, Kordiak J,
Brzezianska E (2013) Biomed Res Int 9;2013:576486. doi:
10.1155/2013/576486.

Bharti V, Mohanti BK, Das SN (2013) Functional genetic variants
of CTLA-4 and risk of tobacco-related oral carcinoma in high-
risk North Indian population. Hum Immunol 74(3):348-352. doi:
10.1016/j.humimm.2012.12.008.

Welsh MM, Applebaum KM, Spencer SK, Perry AE, Karagas
MR, Nelson HH (2009). CTLA4 Variants, UV-Induced Tolerance,
and Risk of Non-Melanoma Skin Cancer. Cancer Res 69(15):
6158-6163. 10.1158/0008-5472.CAN-09-0415.

Dilmec F, Ozgonul A, Uzunkoy A, Akkafa F (2008) Investigation
of CTLA-4 and CD28 gene polymorphisms in a group of Turkish
patients with colorectal cancer. Int J Immunogenet 35(4-5):317-
321. doi: 10.1111/j.1744-313X.2008.00782. x.

Akhtar MS (2023) LATS in cancer repression: Extracting its role
in hippo pathway and beyond. Gene Reports 33(19):101826.
doi:10.1016/j.genrep.2023.101826.

Almalki SSR, Akhtar MS, Alharbi RA, Akhter N (2021) Genetic
associations of TP53 codon Pro72Arg polymorphism (rs1042522)
in coronary artery disease: A meta-analysis of candidate gene-
tic mutants. Gene Reports 23(1):101176. doi:10.1016/j.gen-
rep.2021.101176.

Akhtar MS, Akhter N , Talat A, Alharbi RA, Sindi AAA , Klu-
fah F, Alyahyawi HE, Alruwetei A, Ahmad A, Zamzami MA,
Deo SVS, Husain SA, Badi OA, Khan MJ (2023) Association of
mutation and expression of the brother of the regulator of imprin-
ted sites (BORIS) gene with breast cancer progression. Oncotar-
get14:528-541. doi: 10.18632/oncotarget.28442.

Akhtar MS, Alharbi RA (2022) Genetic association of TP53

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pro72Arg polymorphism (rs1042522) in Leukemia: An upda-
ted meta-analysis of 10 case-control studies. Human Gene. 34
(5):201130. doi: 10.1016/j.humgen.2022.201130.

Walker LS, Sansom DM (2011) The emerging role of CTLA4 as
a cell-extrinsic regulator of T cell responses. Nat Rev Immunol
11(12):852-863. doi: 10.1038/nri3108.

Ekbbal R, Akhtar MS, Al-Shagha WM, Asheshwar, Kumar S,
Jaiswal AK, Aggarwal M, Yadav DK, Islam MU, Gaurav (2023)
Regulation of Interleukin 2, Proto-Oncogene c-Fos and Poly
(ADP Ribose) Glycohydrolase Genomic Expression by Rosma-
rinic Acid in Attenuation of Diabetes and Associated Compli-
cations. J Biol Regul Homeost Agents 37(6): 3321-3331. doi:
10.23812/j.biol.regul.homeost.agents.20233706.329

Gokhale P, Kerkar S, Tongaonkar H, Salvi V, Mania-Pramanik J
(2013) CTLA-4 gene polymorphism at position +49 A>G in exon
1: Arisk factor for cervical cancer in Indian women. Cancer Genet
206(5):154-161. doi: 10.1016/j.cancergen.2013.04.003.

Solerio E, Tappero G, lannace L, Matullo G, Ayoubi M, Par-
ziale A, Cicilano M, Sanso¢ G, Framarin L, Vineis P, Rosina F
(2005) CTLA4 gene polymorphism in Italian patients with co-
lorectal adenoma and cancer. Dig Liver Dis 37(3):170-175. doi:
10.1016/5.d1d.2004.10.009.

Hadinia A, Hossieni SV, Erfani N, Saberi-Firozi M, Fattahi MJ,
& Ghaderi A (2007) CTLA-4 gene promoter and exon 1 poly-
morphisms in Iranian patients with gastric and colorectal cancers.
J Gastroenterol Hepatol 22(12):2283-2287. doi: 10.1111/j.1440-
1746.2007.04862 x.

Ghaderi A, Yeganch F, Kalantari T, Talei AR, Pezeshki AM,
Doroudchi M, Dehaghani AS (2004) Cytotoxic T lymphocyte
antigen-4 gene in breast cancer. Breast Cancer Res Treat 86(1):1-
7. doi: 10.1023/B:BREA.0000032918.89120.8e.

Erfani N, Razmkhah M, Talei AR, Pezeshki AM, Doroudchi M,
Monabati A, Ghaderi A (2006) Cytotoxic T lymphocyte antigen-4
promoter variants in breast cancer. Cancer Genet Cytogenet
165(2):114-120. doi: 10.1016/j.cancergencyto.2005.07.020.

LiH, FuZK, Wang LH, Li DL, Wu N, Zhang J, Li DJ. Association
of cytotoxic T lymphocyte antigen-4 gene polymorphisms with
susceptibility to breast cancer. Chinese J of Cellular and Molecu-
lar Immunol 2008; 24(3):282-284.

Hirschhorn JN and Daly MJ (2005) Genome-wide association
studies for common diseases and complex traits. Nat Rev Genet
6(2):95-108. doi: 10.1038/nrg1521.

37



