
Abstract. Background/Aim: Cytotoxic T-lymphocyte antigen-
4 (CTLA-4), transiently expressed on T cells, plays a pivotal
role in the negative feedback regulation of T-cell activation
and proliferation. The aim of the present study was to examine
the influence of CTLA-4 gene polymorphism rs3087243 on
CRC susceptibility and long-term survival in Swedish patients
with CRC. Patients and Methods: Genotypes of 491 patients
and 433 healthy controls were determined, using TaqMan
single nucleotide polymorphism (SNP) assays based on
polymerase chain reaction. Results: Patients carrying allele A
were found to be at a higher risk of CRC and this allele was
found to be more common in patients with disseminated
disease compared to localized disease in the right colon.
Kaplan-Meier analysis of cancer-specific survival showed that
carriers of allele A had the highest risk of CRC-related death.
Conclusion: The SNP rs3087243 of the CTLA-4 gene was
associated with CRC risk and, therefore, it could be a
prognostic marker for Swedish patients with CRC.

Colorectal cancer (CRC) is one of the most common and
deadly cancers worldwide (1). The etiology of CRC is not
completely known. Various genetic pathways affecting CRC
induction and progression have been described (2). The link

between inflammation and CRC is well-established (3-5).
Inflammatory factors such as interleukins and chemokines
are produced by tumor cells or by cells in the tumor
microenvironment such as lymphocytes (5-7). A dominant
anti-tumor response is cell mediated and involves T
lymphocytes and natural killer (NK) cells (4, 8).

Cytotoxic T-lymphocyte antigen-4 (CTLA-4), also known
as CD152, is transiently expressed on T cells and plays a
pivotal role in the negative feedback regulation of T-cell
activation and proliferation (9). The CTLA-4 receptor also
limits CD28 receptor-mediated signaling that activates T
cells. Checkpoint proteins, such as B7-1 (CD80) and B7-2
(CD86) on antigen presenting cells (APC) and CTLA-4
receptor on T cells, contribute to the control of the immune
response. The binding of B7-1 and B7-2 to CTLA-4 keeps T
cells in an inactive state and thereby, the antitumor effect is
lost. CTLA-4 protein exists in two forms, a membrane bound
and a soluble isoform (sCTLA-4) with immunoregulatory
properties (10, 11). Treatment with CTLA-4 blocking
antibodies has been shown to result in increased activation
of T cells and has led to immunotherapies for melanoma and
non-small cell lung cancer (10, 12).  

In general, CRC staging is based on the tumor-nodes-
metastasis (TNM) system according to The American Joint
Committee on Cancer (AJCC) classification system (13).
CRC patients are identified based on pathological and
clinical parameters and some of them are considered weak
prognostic markers (14, 15). The identification of molecular
biomarkers is important to select CRC patients for
personalized therapy and improve patient prognosis (16, 17). 

Genetic variations in inflammatory genes (18, 19) and
other genes (20) have been suggested to play a role in CRC
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susceptibility and in the survival of CRC patients. The
CTLA-4 single nucleotide polymorphism (SNP) rs3087243,
also called CT60, is located in the 3’-untranslated region
(10) and associated with susceptibility to autoimmune
diseases (11, 21). Various studies have shown an association
between this SNP and cancer diseases such as breast (22),
liver (23), renal (24) and skin cancer (25), but only a few
reports of weak association have been published regarding
CRC (26). The aim of the present study was to examine the
influence of CTLA-4 gene polymorphism rs3087243 on CRC
susceptibility and the link with various clinical features such
as stage, differentiation and localization of the tumor and
long-term survival in Swedish patients with CRC.

Patients and Methods
Patients and controls. This study comprised blood samples from
491 consecutive patients (266 males and 225 females) with a mean
age of 71 years (range=25-94 years) who underwent surgical
resection for primary colorectal adenocarcinoma at the Department
of Surgery, Ryhov County Hospital, Jönköping, Sweden between
1996 and 2016. Blood samples were collected at the start of surgery
and patient data were prospectively recorded in a database. Follow-
up for the estimation of cancer specific survival ended on the date
of death or on July 16, 2020. 

According to the primary site of the tumor, this study included
229 patients with rectum cancer and 262 patients with colon cancer.
In accordance with Liang et al. (27) the patients were divided into
those with cancer localized in the right colon (cecum, ascending
colon, hepatic flexure, transverse colon) or left colon (splenic
flexure, descending colon, sigmoid colon). A total of 154 and 108
patients had right and left colon cancers, respectively. The tumors
were classified according to AJCC (13): stage I in 83, stage II in
180, stage III in 160 and stage IV in 68. The degree of
differentiation was divided into high/medium with 376 cases and
poor with 114 cases. 

Healthy blood donors (n=433) at County Hospital Ryhov were
collected as the control population at the time of the blood donation.
The control population with no known CRC history was from the

same geographical region (southeastern Sweden) as the CRC
patients and comprised 229 males and 204 females, with a mean age
of 58 years (range=33-68 years). All blood samples were
centrifuged to separate plasma and blood cells and then stored
frozen at –70˚C until analysis.

The investigation was approved by the Regional Ethical Review
Board in Linköping, Linköping, Sweden (Dnr. 2013/271-31) and
informed consent was obtained from each of the participants.

Genotyping of CTLA-4 gene polymorphism. DNA was isolated from
all blood samples using the QiaAmp DNA Blood Kit (Qiagen,
Hilden, Germany). The TaqMan SNP genotype assays were used for
the analysis of the CTLA-4 rs3087243 (ID C-3296043) genotypes
(Applied Biosystems, Foster City, CA, USA). Ten ng DNA was
mixed with TaqMan Genotyping Master Mix (Applied Biosystems)
and was analyzed using the 7500 Fast Real-Time Polymerase Chain
Reaction (PCR) System (Applied Biosystems). The PCR conditions
were an initial cycle at 50˚C for 2 min followed by one cycle at
95˚C for 10 min and finally 40 cycles at 95˚C for 15 s and at 60˚C
for 1 min. The allelic discrimination application ABI PRISM 7500
SDS software version 1.3.1 (Applied Biosystems) was used to
characterize the genotypes.

Statistical analysis. The differences in the genotypes of the CTLA-
4 gene polymorphism between CRC patients and the control
subjects and the subgroups of CRC patients according to clinical
parameters were analyzed using the Chi-squared test. The Hardy-
Weinberg equilibrium was tested for the genotypes. Survival
analysis was analyzed by the Kaplan-Meier method with log-rank
test and Cox’s regression. Statistical analysis was performed using
Stata Statistical Software Release 15 (Stata Corp. College Station,
TX, USA) and SPSS software for Windows, version 14.0 for (SPSS
Inc., Chicago, IL, USA). Differences were considered to be
statistically significant at p<0.05. 
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Table I. Genotypic and allelic distributions in % (n) of the CTLA4 gene
polymorphism (rs 3087243) in CRC patients and controls.

Genotype CRC Control Allele CRC Controls
(n=491) (n=433) (n=982 (n=866 

alleles) alleles)

G/G 35.0 (172) 41.6 (180)
G 58.8 (577) 64.8 (561)

G/A 47.5 (233) 46.4 (201)
A 41.2 (405) 35.2 (305)

A/A 17.5 (86) 12.0 (52)
G/A+A/A 65.0 (319) 58.4 (253)

CRC patients vs. healthy controls: genotypes overall p=0.026 and alleles,
p=0.008; G/G vs. G/A+A/A, p=0.041.

Table II. Genotype numbers of the CTLA4 gene polymorphism
(rs3087243) regarding tumor location and disease stage in patients
(n=491) with CRC.

Variables Cases (n) Genotype p-Value 
G/G G/A A/A

Rectum 229 83 104 42
Colon 262 89 129 44 0.697
Right colon 154 53 68 33
Left colon 108 36 61 11 0.034
Rectum
Stage
I+II 122 46 56 20
III+IV 107 37 48 22 0.701

Right colon 
Stage 
I+II 88 37 38 13
III+IV 66 16 30 20 0.021

Left colon
Stage 
I+II 53 22 24 7
III+IV 55 14 37 4 0.070
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Results

Association of CTLA-4 gene polymorphism and the risk of
CRC. Significant differences in the genotype and allele
distributions were observed between the patients and the
healthy control group for CTLA-4 rs3087243 (Table I).
Moreover, the prevalence of the G/G genotype was 35.0%
and that of G/A +A/A was 65.0% among patients, whilst
41.6% and 58.4% existed in the healthy control group,
respectively. The carriers of the A allele (G/A+A/A) were
found to be at increased risk of CRC with an odds ratio (OR)
of 1.32 [95% confidence interval (CI)=1.01-1.72; p=0.041].
The patients and the control group were in agreement with
the Hardy-Weinberg equilibrium.

Clinicopathological features in relation to CTLA-4 gene
polymorphism. Analysis of the association between the
genotype variants and the location of the tumor showed no
significant difference between the colon and rectum (Table
II). Stratification analysis of the association between the
CTLA-4 gene polymorphism and the location of the tumor in
the colon showed significant difference between the right
and left colon (Table II). Furthermore, of the patients with
right colon cancer, 78.6% (121/154) carried the G allele, and
of those with left colon cancers, 89.8% (97/108) carried the
G allele. Consequently, patients with G-bearing genotypes
had tumors located more commonly in the left colon
compared to the right colon with an OR=2.41 (95%CI=1.16-
5.00; p=0.019). 

A potential association between genotype variants and
disease stage in the rectum, left and right colon was
investigated. As shown in Table II, stage I+II (localized
disease) and stage III+IV (disseminated disease) differ
significantly in the right colon but not in the left colon and
rectum regarding the genotype variants. Moreover, the
results showed that the rate of the patients with the A allele
was 75.8% (50/66) among those having disseminated disease
in the right colon and 57.9% (51/88) among those with
localized disease. This difference was significantly different
with an OR=2.27 (95%CI=1.12-4.59; p=0.023). No
significant association was found between the genotypes
when patients were stratified according to gender, age, or the
degree of differentiation (data not shown).

CTLA-4 gene polymorphism and cancer-specific survival.
The Kaplan-Meier method revealed that the cancer-specific
survival curves were different (p=0.023) between G/G and
A/G+A/A for the CTLA-4 SNP (Figure 1). The carriers of the
A allele showed the highest risk of CRC death with a hazard
ratio (HR) of 1.54 (95%CI=1.06-2.25; p=0.025).
Furthermore, carriers of the A allele exhibited worse cancer-
specific survival (p=0.041) in stage III disease with a
HR=2.02 (95%CI=1.01-4.01; p=0.046) (Figure 2). 

Discussion

Different cytokines and T lymphocytes contribute to the
pathogenesis of CRC (3-5, 8). CTLA-4 is expressed on T

Figure 1. Kaplan-Meier plot comparing cancer-specific survival among CRC patients regarding to genotypes of rs3087243 SNP of CTLA-4 gene.



cells and is involved in immune tolerance and down-
regulation of T cell activation (9, 12). 

Previous studies have shown that the CTLA-4 gene
polymorphism rs3087243 (G>A) is associated with
susceptibility to different cancer diseases (22-25), but only a
few reports about CRC have been published (26).
Collectively, there is much to suggest that the CTLA-4 gene
polymorphism rs3087243 is related to the status of T-cell
activation. However, there are limited data about the
functional activity of this SNP. 

The genetic variants may affect the expression of the
CTLA-4 receptor thereby, conferring interindividual
differences in the susceptibility to CRC. A previous study
has suggested that the A allele of the CTLA-4 gene
polymorphism rs3087243 may lead to higher production of
sCTLA-4, causing a stronger inhibition of T cell activation
and thereby, a loss of the antitumor effect (24). 

T regulatory (Treg) lymphocytes are one of the subsets of T-
lymphocytes, which may impair the immune reaction against
cancer (6, 28). A recent study showed that healthy individuals
carrying the A/A genotype for the CTLA-4 gene polymorphism
rs3087243 (G>A) have an increased number of Treg cells in
their peripheral blood compared to those with the G/G genotype
(29). Treg cells are increased in the peripheral blood of patients
with various cancers including CRC (28). However, in CRC,
the prognostic role of Treg cells remains controversial (30).

This study demonstrated that the CTLA-4 gene
polymorphism rs3087243 is associated with susceptibility to

CRC. Specifically, carriers of the A allele among Swedish
patients were found to be at increased risk of CRC. This
finding is inconsistent with data from Chinese patients with
CRC (26), where no significant differences in the genotype
frequencies were observed between cancer patients and
controls for the CTLA-4 gene polymorphism rs3087243. This
might be explained by differences in ethnicity.

The carriers of the A allele of the CTLA-4 rs3087243
polymorphism were found to be associated with the highest
risk of CRC death. Furthermore, the carriers of the A allele
exhibited poor cancer-specific survival among those with
stage III CRC. Together, in our CRC cohort we noted that
genotypes with the A allele for CTLA-4 rs3087243
polymorphism predispose to higher risk of CRC, decreased
cancer specific survival and advanced stage III disease of
patients with CRC. As mentioned above, the genetic variants
may affect the expression of the CTLA-4 receptor, but also
the number of Treg cells. Interestingly, a study (31) has
shown that CRC patients had increased levels of Treg cells
in the blood and cancer tissue in comparison to healthy
controls and normal colorectal tissue, respectively. Further,
analysis showed higher levels of Treg cells in stage III+IV
than in stage I+II. However, the role of allele A as a
modulating factor of the levels of CTLA-4 and Treg cells in
connection with the risk, tumor progression and survival of
patients with CRC requires further investigation.

There are several factors affecting the prognosis of CRC
such as communication between CRC cells and their
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Figure 2. Kaplan-Meier plot comparing cancer-specific survival among CRC patients with stage III regarding to genotypes of rs3087243 SNP of
CTLA-4 gene.
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microenvironment, genetic variations within inflammatory
genes and different activated signaling cascades in later and
early stages of CRC (2, 3, 6, 32). Different
pathophysiological mechanisms may be involved in the
tumor progression of both the colon and rectum and between
the right and left colon (27, 33-35). Right- and left-sided
colon cancer differ with respect to histology, pathology,
clinical outcomes, and expression of distinguishable genes
and this has led to the hypothesis that they are two different
disease entities (27, 33, 34) Thus, tumor location in colon
cancer plays a significant role in disease behaviour and is
related to different molecular pathways, including different
biomarkers (33, 34). Moreover, understanding the
characteristics of these two different entities seems to be
very important regarding the choice of treatment (35). 

In this study, we showed no significant difference between
the colon and rectum regarding the genotype variants of the
CTLA-4 rs3087243 polymorphism. In fact, we showed that
the CTLA-4 rs3087243 polymorphism was different between
the right and left colon and that patients with G-bearing
genotypes had tumors more commonly localized in the left
colon compared to the right colon. Moreover, no association
between genotype variants and stage I+II (localized disease)
and stage III+IV (disseminated disease) in the left colon and
rectum was found. However, the results showed that a higher
rate of patients bearing the A allele in the genotype was
associated with disseminated disease in the right colon
compared to localized disease. 

Focusing on cancer location within the colon, the
genomic make-up of the right and left colon is different
from each other. For example, the patients with right sided
cancer have more microsatellite high (MSI-high) and
BRAF mutated tumors and left sided cancer patients tend
to have more chromosomal instability high (CIN) tumors
(33-35). Besides the difference in the genomic make-up, the
tumors in the right colon seem to have more T cell
infiltrates (36) that could in part be an effect of a genotype
bearing allele A and hypothetically may have impacted
carcinogenesis, driving toward a more advanced stage (III
and IV). There are some studies about autoimmune diseases
such as Rheumatoid arthritis (37), which highlight the
expression of CTLA-4 in relation to the G and A alleles in
the CTLA-4 rs3087243 polymorphism. In cancer, similar
studies are sparse. 

Some limitations of our study are worth noting. This study
is exploratory. Our data suggest that the CTLA-4 rs3087243
polymorphism is involved in CRC with partially different
mechanisms in the rectum and colon. However, detailed
functional analysis is required to reveal the mechanisms
responsible for the observed associations and clarify the
involvement of CTLA-4 rs3087243 polymorphism in
colorectal carcinogenesis. The patients and controls were
selected from one hospital and may not represent the general

population. Therefore, additional studies in larger groups of
patients and controls are needed to validate our findings. In
addition, it cannot be excluded that this investigated SNP
may be linked with other polymorphisms that affect
susceptibility to CRC and the prognosis of patients.

In conclusion, the SNP rs3087243 of the CTLA-4 gene is
associated with risk and prognosis in Swedish patients with
CRC. Further studies with a more diverse population and a
higher number of cases will be needed to evaluate whether
the involvement of the CTLA-4 rs3087243 polymorphism
can be generalized to a broader population.
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