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Abstract

The cytotoxic T-lymphocyte antigen 4 (CTLA-4) gene is a negative regulator of T-lymphocyte activation and proliferation. 
Single nucleotide polymorphisms (SNPs) occurring on the CTLA-4 gene can modify the ability to control the proliferation of 
T-lymphocytes, thereby impacting the clearance of hepatitis B (HBV) and hepatitis C (HCV) virus infections. The −319C/T and 
+49A/G SNPs of CTLA-4 gene have been associated with autoimmune disorders and liver infections. Studies show that the 
+49G allele confers susceptibility to HBV and HCV infections in chronic disease (without cirrhosis), associates with the risk 
of chronic HCV infection in males, confers protective effect against the development of hepatocellular carcinoma, and favors 
viral elimination. Furthermore, the +49G allele alone or in haplotype with the −319C favors chronic infection with genotype 3 
HCV, has an inverse association with HCV genotype 1, and decreases viral load in chronic hepatitis C associated with sustained 
virological response (SVR). These findings support an important role of the SNPs of CTLA-4 gene in viral hepatitis; however, 
the mechanisms by which they influence immune response against viral infections are not fully understood. This review gives an 
overview of the current understanding of the association between CTLA4 SNPs and HBV/HCV infections.
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Introduction
Chronic viral hepatitis is most commonly caused by hepa-
titis B (HBV) or hepatitis C (HCV) viruses. Chronic in-
fection is defined as a measurable viral load for more than 

6 months (1). An estimated 700,000 people die each year due 
to complications of chronic HCV and HBV infections such 
as cirrhosis and hepatocellular carcinoma (HCC) (2). HCV 
infection affects approximately 180 million people worldwide 
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and 75% of infected patients with acute disease progress to 
chronic infection (3–5). Approximately 400 million people 
are chronic HBV carriers. It is estimated that 5–10% of in-
dividuals infected are unable to eliminate the virus; of these, 
15–40% will develop cirrhosis or HCC (6–8). Both HBV and 
HCV have a similar natural history but with different propen-
sities for chronic complications. This difference may be due to 
an imbalance between genetic factors, and viral, environmen-
tal, and host components (9). Interestingly, HBV and HCV 
do not directly cause hepatocellular damage. The interaction 
between the virus and the immune response of the host is 
responsible for liver damage and the clinical manifestations 
of disease (10, 11). This demonstrates the importance of the 
immune system in determining how the body will respond 
to these pathogens. This review aims to discuss the results 
of research evaluating how single nucleotide polymorphisms 
(SNPs) in CTLA-4 gene may affect the course of HBV and 
HCV infections through their role in immune function.

CTLA-4 Immune Response against Viral 
Infections
Immunity against viral infections is determined through a 
variety of specific and nonspecific mechanisms. The predom-
inant immune response is through T-lymphocyte activation. 
Although the activated T-lymphocytes play an important 
role in the control of HBV and HCV infections, they also 
contribute to liver damage. T-lymphocytes recognize infected 
cells and respond through cytokine release and coordinated 
lysis of the infected cells (12). When the immune system 
fails to wholly eradicate an infection, immunomodulatory 
pathways are activated to minimize the extent of immune-
mediated tissue damage (13). Inappropriate induction of 
T-lymphocytes to recognize self-antigens at this stage can 
lead to autoimmune- driven damage.

The activation and function of T-lymphocytes in the im-
mune response depends on two signals. In the first signal, 
the HCV and HBV antigens are processed and presented by 
major histocompatibility complex (MHC) to T-cell receptor 
(TCR). This signal in isolation does not cause activation of 
the T-lymphocytes and requires costimulatory signals (14). 
The well-characterized costimulatory signal is the interaction 
between CD28 receptor on the surface of T-lymphocytes, 
and CD80 and CD86 ligands on the antigen-presenting cell 
(APC). This interaction triggers a biochemical cascade of 
signals such as IL-2 production, induction of antiapoptotic 
protein Bcl-xL, and cell-cycle progression, which are neces-
sary for the clonal expansion of T-cell populations (15, 16). 
CD28 is constitutively expressed on the surface of T-cells 
and  provides a costimulatory signal rapidly following T-lym-
phocyte binding to the APC (17), promoting the immune re-
sponse against HBV and HCV infections.

CTLA-4, another receptor structurally similar to CD28, 
also binds the CD80 and CD86 ligands with greater avidity 
than CD28. CTLA-4 can inhibit the activation of T-cells, in 

competition with CD28, and subsequently inhibit the co-
stimulatory effect of CD28. The CTLA-4 gene is encoded 
in human chromosome 2q33 and is made up of four exons 
and three introns (18). It is a member of the immunoglobu-
lin superfamily and is a costimulatory molecule expressed in 
activated T-cells (19). The CTLA-4 is a negative regulator of 
T-cell activation and proliferation through mechanisms such 
as reducing interleukin 2 (IL-2) and IL-2 receptor (IL-2R) 
expression, promoting G1 cell-cycle arrest of T-lympho-
cytes, and inducing FAS-independent apoptosis of activated 
T-lymphocytes (20, 21). Previous studies have reported that 
mice deficient of CTLA-4 develop lymphoproliferative dis-
orders and die from multiorgan failure and cytokine storm, 
suggesting the indispensable immunoregulatory role of 
CTLA-4 (22, 23). CTLA-4 is not constitutively expressed 
in resting T-lymphocytes. Upon TCR stimulation, CTLA-4 
 expression is induced, peaking 48–72 h following stimulation 
(24). A greater stimulation of T-cells induces greater levels of 
membrane-localized CTLA-4 expression (19). The increase 
in the expression of CD28 occurs during the activation of the 
T-lymphocytes; this effect induces the expression of CTLA-4 
and increases the stability of CTLA-4 mRNA (25, 26). After 
T-cell activation, CTLA-4 is endocytosed (19) in order to 
maintain a fast T-cell activation response. The interaction be-
tween T-lymphocytes, costimulatory molecules, and the effect 
of CTLA-4 SNPs is shown in Figure 1. 

CTLA-4 SNPs in HBV/HCV Infection
SNPs in cytokine and receptor genes (27) may be playing an 
important role in the outcome of HBV and HCV infections. 
More than 10 million polymorphisms in the human genome 
have been identified, some with the potential to influence the 
development of disease (28). In the CTLA-4 gene, SNPs have 
been reported at positions −1722, −1661, −319, +49, and 
CT60 (29). However, the most studied CTLA-4 SNPs in pa-
tients infected with HCV and HBV are −319 C/T (rs5742909) 
and +49 A/G (rs231775) (30–34). Studies in patients with 
HBV- and HCV-associated chronic liver disease (CLD) have 
reported differences in the allelic and genotypic frequencies of 
the −319 C/T and +49 A/G polymorphisms (Tables 1 and 2).

The −319 C/T SNP is named in many studies as −318 C/T; 
however, in the GenBank SNP database, it is described as 
−319 C/T (rs5742909) (35). We therefore consider the correct 
form as −319 C/T. The functional significance of −319 C/T 
CTLA-4 SNP in the promoter region it is not well defined; 
however, studies suggest participation in the binding of cis
-acting elements to the promoter (NF-1 and c/EBP beta), 
thus affecting the gene activity (36, 37). The presence of the 
−319T allele of −319 C/T SNP is associated with greater pro-
moter activity than the −319C allele, contributing to a greater 
expression of the CTLA-4 gene, representing a mechanism 
to inhibit the exaggerated cellular immune response (38) and 
contribute to hepatocellular damage in HBV and HCV infec-
tions (Figure 1A) (30, 39–42). The −319T allele is associated 
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Table 1. Allelic and genotypic frequencies of −319 C/T SNP in HBV/HCV infected patients and control subjects

−319 C/T  
Population, n = total

Genotype C allelen 
n (%) 

T allele  
n (%)C/C n (%) C/T n (%) T/T n (%)

Mexican

Control, n = 215 193 (89.8) 21 (9.7) 1 (0.5) 407 (94.6) 23 (5.4)
Enciso-Vargas et al. (30)

HCV, n = 205 183 (89.3) 22 (10.7) 0 (0) 388 (95.0) 22 (5.0)

Brazilian

Control, n = 183 152 (83.1) 31 (16.9) 0 (0) 335 (91.5) 31 (8.5)
Danilovic et al. (39)

HCV, n = 112 92 (82.1) 19 (17.0) 1 (0.9) 203 (90.6) 21 (9.4)

Iranian

Control, n = 65 55 (48.61) 9 (13.84) 1 (1.53) 119 (91.54) 11 (8.46)
Sepahi et al. (42)

HCV, n = 65 55 (48.61) 10 (15.38) 0 (0) 120 (92.30) 10 (7.70)

Iranian

Control, n = 150 134 (89.3) 10 (6.7) 6 (4.0) 278 (92.6) 22 (7.4) Mohammad Alizadeh 
et al. (59)HBV, n = 51 41 (80.4) 10 (19.6) 0 (0.0) 92 (90.2) 10 (9.8)

Values are presented in frequencies (%) and genotypes and alleles in number (n). Total alleles were determined considering that each homozy-
gote would contribute two copies of  the allele toward the total fraction, while each heterozygote would only contribute one copy toward the 
total fraction.

Figure 1. Function of  −319 C/T and +49 A/G SNPs in the immune response against HBV/HCV infection. (A) −319 C/T 
SNP in the immune response against HBV/HCV Infection; (B) + 49A/G SNP in the immune response against HBV/HCV 
infection.

with the likelihood of HBV persistence and susceptibility to 
progression of chronic liver damage, which is consistent with 
its emerging role in the T-regulatory cells in the pathogenesis 
of disease (31, 43). Conversely, some studies report that the 
−319 C/T SNP was underrepresented in patients with chronic 
HBV infection compared with healthy controls, and that it 
was not associated with autoimmune liver disease (33). In 
addition, these SNPs have been associated with the risk of 
developing B-cell non-Hodgkin lymphoma in patients with 
HCV and various autoimmune disorders (44–48). Few stud-
ies have documented the CTLA-4 SNPs in HCV infection, as 

most evaluate HBV infection and autoimmune diseases, in 
particular the +49 A/G SNP.

A transition of the +49A allele by the +49G allele in exon 1 
causes an amino acid change from threonine to alanine in the 
CTLA-4 protein. This change is associated with a reduction 
in CTLA-4 mRNA, increased T-cell activation, and instances 
of autoimmune disorders (49, 50). The presence of the +49G 
allele in the +49 A/G SNP favors inefficient glycosylation in 
the sequence of the leader peptide of CTLA-4, altering the 
process in the endoplasmic reticulum resulting in the reduced 
expression of the molecule on the cell surface (Figure 1B) (51). 
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Table 2. Allelic and genotypic frequencies of +49A/G SNP in HCV/HBV infected patients and control subjects

+49 A/G  
Population, n = total

Genotype A allele  
n (%)

G allele  
n (%)A/A n (%) A/G n (%) G/G n (%)

Mexican

Control, n = 215 93 (43.3) 89 (41.4) 33 (15.3) 275 (64.0) 155 (36.0)
Enciso-Vargas et al. (30)

HCV, n = 205 67 (32.7) 104 (50.7) 34 (16.6) 238 (58.0) 172 (42.0)

Brazilian

Control, n = 183 81 (44.3) 67 (36.6) 35 (19.1) 229 (62.5) 137 (37.5)
Danilovic et al. (39)

HCV, n = 112 59 (52.7) 34 (30.3) 19 (17.0) 152 (68.0) 72 (32.0)

Iranian

Control, n = 65 39 (60.0) 17 (26.15) 9 (13.85) 95 (73.07) 35 (26.93)
Sepahi et al. (42)

HCV, n = 65 51 (78.46) 0 (0.0) 14 (21.54) 102 (78.46) 28 (21.54)

Iranian

Control, n = 150 57 (38.0) 52 (34.7) 41 (27.3) 166 (55.3) 134 (44.7) Mohammad Alizadeh 
et al. (59)HBV, n = 51 26 (51.0) 16 (31.4) 9 (17.6) 68 (66.6) 34 (33.4)

Chinese

Control, n = 407 45 (11.0) 179 (44.0) 183 (45.0) 269 (33.0) 545 (67.0)
Gu et al. (34)

HBV, n = 203 24 (12.0) 85 (42.0) 94 (46.0) 133 (26.0) 273 (74.0)

Chinese

Control, n = 145 16 (11.0) 68 (47.0) 61 (42.0) 100 (34.5) 190 (65.5)
Zhang et al. (57)

HBV, n = 172 33 (19.0) 89 (52.0) 50 (29.0) 155 (45.0) 189 (55.0)

Chinese

Control, n = 361 33 (9.14) 177 (49.03)
151 

(41.83)
243 (33.65) 479 (66.35)

Chen et al. (60)

HBV, n = 304 47 (15.46) 125 (41.12)
132 

(43.42)
219 (36.0) 389 (64.0)

Tunisian

Control, n = 358 40 (11.2) 142 (39.7) 176 (49.2) 222 (31.0) 494 (69.0)

Ksiaa et al. (58)HCV hemodialyzed, 
n = 500

77 (15.4) 198 (39.6) 225 (45.0) 352 (35.2) 648 (64.8)

Values are presented in frequencies (%) and genotypes and alleles in number (n). Total alleles were determined considering that each homozy-
gote would contribute two copies of  the allele toward the total fraction, while each heterozygote would only contribute one copy toward the 
total fraction.

Therefore, the +49G allele seems to favor the activation and 
proliferation of T-lymphocyte, while the +49A allele is asso-
ciated with the decrease of T-lymphocyte activation in HBV 
and HCV infections.

In relation to the previously mentioned observations, it has 
been reported that +49 A/G polymorphism plays an impor-
tant role in the expression of the CTLA-4 gene. Individuals 

with the +49 A/A genotype have increased expression of 
CTLA-4 on the cell surface compared with the genotypes 
+49 A/G and +49 G/G (52). In addition, the presence of the 
+49A allele in T-cells increases the interaction with the B7.1 
ligand and increases the inhibitory function of CTLA-4. 
Therefore, the +49G allele may favor the activation and pro-
liferation of T-lymphocytes at a high rate. This implies that 
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the +49G allele can favor viral elimination. In contrast, T-
cells carrying the +49 A/A genotype have significantly lower 
rates of activation compared to T-cells with the +49 G/G ge-
notype (53). These findings illustrate that molecular changes 
in CTLA-4 can modify the ability to control the proliferation 
of T-lymphocytes, promoting the persistence or elimination 
of HBV/HCV infection.

In kind, the +49G allele confers protection for the devel-
opment of  CLD in HBV/HCV infections (11, 12), suggest-
ing inhibition of  CTLA-4 could facilitate control of  these 
pathogens. We previously found that the +49G allele is asso-
ciated with HCV chronic infection but not with the presence 
of  liver cirrhosis in the Mexican population (30). A report 
revealed spontaneous HCV clearance to be higher in pa-
tients carrying the +49G allele (54). The above is supported 
by the natural history of  the infection, where the majority of 
patients with acute infection have progressive chronic liver 
damage, and approximately 20% of  patients develop liver 
cirrhosis (10, 55), highlighting the importance of  the cellular 
immune response in elimination and/or persistence of  HCV 
infection.

Danilovic et al. reported that alleles −319C and +49G 
interfere with the ability to block the immune response of 
CTLA-4, favoring chronic infection with genotype 3 HCV 
in a Brazilian population (39). These findings are consistent 
with our results, where subjects with the −319C/+49G hap-
lotype are associated with genotype 3 infection of  HCV (30). 
Moreover +49G allele has been associated with the risk of 
chronic HCV infection in males (30). Males, compared to 
females, are three to five times more likely to develop HCC. 
This risk can be attributed to the production of  androgens in 
men, while the production of  estrogens provides protection 
against the development of  HCC in women (34). These sex 
differences can be attributed to factors encoded in the sex 
chromosomes, giving rise to differential immune activation 
(56). Male sex is considered an important factor in the pro-
gression and risk of  HCV infection. Another study report 
CTLA-4 polymorphisms have been associated with risk to 
HCV infection in an Iranian population (42). Homozygotes 
with +49 G/G show a persistent infection with HBV (57). 
Furthermore, it has been reported that the +49G allele has 
a protective effect against the development of  HCC, and the 
subjects with the +49A allele have greater susceptibility to 
the development of  HCC in HBV infection (34). The +49G 
allele was also detected more frequently in patients who re-
covered from HBV infection (32). However, another study 
shows no association between the polymorphisms studied 
and spontaneous clearance or persistence of  HCV infection. 
The authors demonstrated that CTLA-4 SNPs (+49GG/
CT60 haplotype) could influence susceptibility to HCV in-
fection in the Tunisian hemodialyzed population (Tables 1 
and 2) (58). A meta-analysis showed that the +49G allele 
can positively influence the elimination of  the virus, while 
the presence of  the +49A allele may increase the risk of 

infection with HBV (61). Accordingly, multiple studies have 
reported that the +49 A/G SNP is associated with HBV and 
HCV infection.

Association of −319 A/G and +49 A/G SNPs 
with SVR
The determination of the seven main genotypes of HCV is 
used as a strong and independent predictor of the sustained 
virological response (SVR) to standard therapy (pegylated 
interferon and ribavirin). Patients with genotypes 2 and 3 re-
spond better to treatment than those infected with HCV ge-
notype 1 (62, 63). The CTLA-4 SNPs have been associated 
with SVR to standard treatment in chronic HCV infection, 
whereas the +49G allele or the −319C/+49G haplotype de-
creases viral load in white patients with HCV genotype 1 
infection (40). Concordantly, the CTLA-4 SNPs were as-
sociated with treatment response in multivariable analysis, 
where the presence of favorable +49GG genotype conferred 
greater rate of response (64). Likewise, female sex can be an 
important factor in response to treatment for chronic HCV 
infection (65). However, in our study, we did not find an as-
sociation with SVR (30), probably due to the low number of 
patients undergoing treatment. Thus, the discrepancy in the 
association studies of CTLA-4 SNPs in HBV/HCV may be 
due to the difference in ethnic background of populations 
studied, as well as biased study designs, influenced by a failure 
to control for important factors such as duration of infection, 
disease severity, co-infections, and specific treatment for HCV 
and HBV infections.

Function of CTLA-4 SNPs on HBV/HCV Infection
Although HBV- and HCV-associated hepatic diseases are not 
determined solely by genetic factors of the host, the CTLA-4 
SNPs offer the basis for the knowledge of the immunomolec-
ular mechanisms involved in viral elimination or the develop-
ment of CLD (Figure 1). The major mechanisms by which 
these SNPs can have a functional effect on the response 
against viral infections can be summarized as follows:

•	 the −319C and +49G alleles, either individually or as a 
haplotype, interfere with the ability to block the immune 
response by CTLA-4 (39)

•	 the −319T/+49A haplotype increases expression of 
CTLA-4 (52)

•	 the −319C, +49G alleles, or the −319C/+49G haplotype 
downregulates CTLA-4 (38, 49) and therefore can be po-
tentiating the T-cell response in individuals with HBV and 
HCV infection

•	 the CTLA-4 ligands CD80 and CD86 may play an impor-
tant role in the development of Th1/Th2 cells (66) and, 
therefore, CTLA-4 SNPs could shift the Th1/Th2 balance

•	 these SNPs are in linkage disequilibrium that, by them-
selves or as haplotypes, may alter CTLA-4 gene expression 
and function (40).



SNP of CTLA4 in viral hepatitis

 Journal of Renal and Hepatic Disorders 2018; 2(1): 10–17 15

Immunotherapy for Viral Infections
The expression of CTLA-4 and other inhibitory receptors 
has been found in virally infected cells of HBV, HCV, and 
human immunodeficiency virus (HIV) patients, and is asso-
ciated with dysfunction of cellular immune response by T-
cells, and an increased viral load. Blockade of the CTLA-4 
pathway in vitro restores the antiviral capacity of exhausted 
T-cells in chronically infected patients (13). The drugs which 
block CTLA-4 are currently in use for cancer patients (67) 
but not for HBV- or HCV-infected patients due to the liver 
damage that can generate the CTLA-4 inhibition (2). It has 
been reported that melanoma patients with HBV or HCV, 
when treated with ipilimumab (human α-CTLA-4), experi-
enced lower viral titers. Patients who did not develop progres-
sive melanoma during treatment with ipilimumab responded 
to immunotherapy and experienced dramatic reductions in 
viral load (68). Another study reports that immunotherapy 
with tremelimumab (human α-CTLA-4 antibody) of HCC 
patients with HCV reduces viral load more than 10 times (in 
10 of 17 patients). It should be noted that the decrease in viral 
loads also correlates with the appearance of HCV mutants 
(69). It is possible that immunotherapy could be the next ther-
apeutic tool to treat chronic HBV or HCV infections. How-
ever, more research is needed to evaluate the side effects and 
determine the safety profile of CTLA-4 blockade in patients 
infected with viral hepatitis.

Conclusion
In conclusion, most studies find −319 C/T SNP in the form 
of +49G/−319C haplotype. This is directly associated with 
SVR and chronic infection in genotype 3 HCV patients but 
not in HCV genotype 1 patients. These patients have the low-
est SVR. This suggests that identifying individuals with the 
+49G/−319C haplotype for treatment may improve prognos-
tication. Taken together, studies of CTLA-4 SNPs in viral 
hepatitis propose that the +49G allele is associated with 
chronic infection (HBV/HCV) but is protective against the 
development of HCC. Therefore, although the +49G allele 
is the most prevalent in chronic infection, it does not mean 
that this allele presents a poor prognosis. The +49G allele 
is also associated with viral elimination and SVR; therefore, 
it can be proposed as a marker of better prognosis in HBV 
and HCV infections. In addition, the knowledge of the role 
of CTLA-4 SNPs in viral hepatitis may assist in the develop-
ment of specific immunotherapy for these infections. None-
theless, more studies are needed to elucidate the implication 
of these SNPs in the pathogenesis and progression, and sus-
ceptibility to HBV and HCV infections.

Conflict of interest
The authors declare no potential conflicts of interest with re-
spect to research, authorship, and/or publication of this article.

References
 1. Virgin HW, Wherry EJ, Ahmed R. Redefining chronic viral in-

fection. Cell. 2009 Jul;138(1):30–50. http://dx.doi.org/10.1016/j.
cell.2009.06.036

 2. Cox MA, Nechanitzky R, Mak TW. Check point inhibi-
tors as therapies for infectious diseases. Curr Opin Immunol. 
2017;48:61–7. http://dx.doi.org/10.1016/j.coi.2017.07.016

 3. Ploss A, Dubuisson J. New advances in the molecular biology 
of hepatitis C virus infection: Towards the identification of new 
treatment targets. Gut. 2012 May;61(1):i25–35. http://dx.doi.
org/10.1136/gutjnl-2012-302048

 4. Deuffic-Burban S, Mohammed MK, Larouze B, Carrat F, 
Valleron AJ. Expected increase in hepatitis C-related mor-
tality in Egypt due to pre-2000 infections. J Hepatol. 2006 
Mar;44(3):455–61. http://dx.doi.org/10.1016/j.jhep.2005.08.008

 5. Williams R. Global challenges in liver disease. Hepatology. 2006 
Sep;44(3):521–6. http://dx.doi.org/10.1002/hep.21347

 6. Maddrey WC. Hepatitis B: An important public health issue. 
J Med Virol. 2000 Jul;61(3):362–6. http://dx.doi.org/10.1002/10
96-9071(200007)61:3%3C362::AID-JMV14%3E3.0.CO;2-I

 7. Lee WM. Hepatitis B virus infection. N Engl J Med. 1997 
Dec;337(24):1733–45. http://dx.doi.org/10.1056/NEJM199712 
113372406

 8. Ganem D, Prince AM. Hepatitis B virus infection— Natural 
history and clinical consequences. N Engl J Med. 2004 
Mar;350(11):1118–29. http://dx.doi.org/10.1056/NEJMra031087

 9. Thursz M. Genetic susceptibility in chronic viral  hepatitis. 
 Antiviral Res. 2001 Nov;52(2):113–16. http://dx.doi.org/10.1016/
S0166-3542(01)00175-9

 10. Chen SL, Morgan TR. The natural history of hepatitis C virus 
(HCV) infection. Int J Med Sci. 2006 Apr;3(2):47–52. http://dx.
doi.org/10.7150/ijms.3.47

 11. Restrepo-Gutierre JC, Jaramillo-Aristizábal MC, García-Rendón 
MV. Serologías en las hepatitis virales. Iatreia. 2011 May;24:76–86.

 12. Chisari FV. Cytotoxic T cells and viral hepatitis. J Clin Inves. 
1997 Apr;99(7):1472–7. http://dx.doi.org/10.1172/JCI119308

 13. Kim PS, Ahmed R. Features of responding T cells in cancer and 
chronic infection. Curr Opin Immunol. 2010 Apr;22(2):223–30. 
http://dx.doi.org/10.1016/j.coi.2010.02.005

 14. Mueller DL, Jenkins MK, Schwartz RH. Clonal expansion 
versus functional clonal inactivation: A costimulatory signal-
ling pathway determines the outcome of T cell antigen receptor 
occupancy. Annu Rev Immunol. 1989;7:445–80. http://dx.doi.
org/10.1146/annurev.iy.07.040189.002305

 15. June CH, Ledbetter JA, Gillespie MM, Lindsten T, Thompson 
CB. T-cell proliferation involving the CD28 pathway is associated 
with cyclosporine-resistant interleukin 2 gene  expression. Mol 
Cell Biol. 1987 Dec;7(12):4472–81. http://dx.doi.org/10.1128/
MCB.7.12.4472

 16. Boise LH, Minn AJ, Noel PJ, June CH, Accavitti MA, Lindsten 
T, et al. CD28 costimulation can promote T cell survival by en-
hancing the expression of Bcl-XL. Immunity. 1995 Jul;3(1):87–98. 
http://dx.doi.org/10.1016/1074-7613(95)90161-2

 17. Brand O, Gough S, Heward J. HLA, CTLA-4 and PTPN22: 
The shared genetic master-key to autoimmunity? Expert Rev 
Mol Med. 2005 Oct;7(23):1–15. http://dx.doi.org/10.1017/
S1462399405009981

 18. Dariavach P, Mattei MG, Golstein P, Lefranc MP. Human Ig 
superfamily CTLA-4 gene: Chromosomal localization and iden-
tity of protein sequence between murine and human CTLA-4 
cytoplasmic domains. Eur J Immunol. 1988 Dec;18(12):1901–5. 
http://dx.doi.org/10.1002/eji.1830181206

http://dx.doi.org/10.1016/j.cell.2009.06.036
http://dx.doi.org/10.1016/j.cell.2009.06.036
http://dx.doi.org/10.1016/j.coi.2017.07.016
http://dx.doi.org/10.1136/gutjnl-2012-302048
http://dx.doi.org/10.1136/gutjnl-2012-302048
http://dx.doi.org/10.1016/j.jhep.2005.08.008
http://dx.doi.org/10.1002/hep.21347
http://dx.doi.org/10.1056/NEJM199712113372406
http://dx.doi.org/10.1056/NEJM199712113372406
http://dx.doi.org/10.1056/NEJMra031087
http://dx.doi.org/10.7150/ijms.3.47
http://dx.doi.org/10.7150/ijms.3.47
http://dx.doi.org/10.1172/JCI119308
http://dx.doi.org/10.1016/j.coi.2010.02.005
http://dx.doi.org/10.1146/annurev.iy.07.040189.002305
http://dx.doi.org/10.1146/annurev.iy.07.040189.002305
http://dx.doi.org/10.1128/MCB.7.12.4472
http://dx.doi.org/10.1128/MCB.7.12.4472
http://dx.doi.org/10.1017/S1462399405009981
http://dx.doi.org/10.1017/S1462399405009981
http://dx.doi.org/10.1002/eji.1830181206


Enciso-Vargas M et al.

 Journal of Renal and Hepatic Disorders 2018; 2(1): 10–17 16

 19. Egen JG, Allison JP. Cytotoxic T lymphocyte antigen-4 accu-
mulation in the immunological synapse is regulated by TCR 
signal strength. Immunity. 2002 Jan;16(1):23–35. http://dx.doi.
org/10.1016/S1074-7613(01)00259-X

 20. Appleman LJ, Berezovskaya A, Grass I, Boussiotis VA. CD28 
costimulation mediates T cell expansion via IL-2-indepen-
dent and IL-2-dependent regulation of cell cycle progression. 
J Immunol. 2000 Jan;164(1):144–51. http://dx.doi.org/10.4049/
jimmunol.164.1.144

 21. Scheipers P, Reiser H. Fas-independent death of activated 
CD4(+) T lymphocytes induced by CTLA-4 crosslinking. Proc 
Nat Acad Sci U S A. 1998 Aug;95(17):10083–8. http://dx.doi.
org/10.1073/pnas.95.17.10083

 22. Tivol EA, Borriello F, Schweitzer AN, Lynch WP, Blue-
stone JA, Sharpe AH. Loss of CTLA-4 leads to mas-
sive lymphoproliferation and fatal multiorgan tissue 
destruction, revealing a critical negative regulatory role of 
CTLA-4. Immunity. 1995 Nov;3(5):541–7. http://dx.doi.
org/10.1016/1074-7613(95)90125-6

 23. Waterhouse P, Penninger JM, Timms E, Wakeham A, 
Shahinian A, Lee KP, et al. Lymphoproliferative disor-
ders with early lethality in mice deficient in Ctla-4. Science. 
1995 Nov 10;270(5238):985–8. http://dx.doi.org/10.1126/
science.270.5238.985

 24. Walunas TL, Lenschow DJ, Bakker CY, Linsley PS, Freeman 
GJ, Green JM, et al. CTLA-4 can function as a negative regula-
tor of T cell activation. Immunity. 1994 Aug;1(5):405–13. http://
dx.doi.org/10.1016/1074-7613(94)90071-X

 25. Alegre ML, Noel PJ, Eisfelder BJ, Chuang E, Clark MR, 
Reiner SL, et al. Regulation of surface and intracellular ex-
pression of CTLA4 on mouse T cells. J Immunol. 1996 Dec 
1;157(11):4762–70.

 26. Finn PW, He H, Wang Y, Wang Z, Guan G, Listman J, et al. 
Synergistic induction of CTLA-4 expression by costimulation 
with TCR plus CD28 signals mediated by increased transcrip-
tion and messenger ribonucleic acid stability. J Immunol. 1997 
May 1;158(9):4074–81.

 27. Hellier S, Frodsham AJ, Hennig BJ, Klenerman P, Knapp 
S, Ramaley P, et al. Association of genetic variants of the 
chemokine receptor CCR5 and its ligands, RANTES and 
MCP-2, with outcome of HCV infection. Hepatology. 2003 
Dec;38(6):1468–76. http://dx.doi.org/10.1016/j.hep.2003.09.027

 28. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, 
Baldwin J, et al. Initial sequencing and analysis of the human 
genome. Nature. 2001 Feb 15;409(6822):860–921. http://dx.doi.
org/10.1038/35057062

 29. Ghaderi A. CTLA4 gene variants in autoimmunity and cancer: 
A comparative review. Iran J Immunol. 2011 Sep;8(3):127–49.

 30. Enciso-Vargas M, Ruiz-Madrigal B, Munoz-Valle JF, 
 Morales-Balderas OY, Hernandez-Nazara ZH, Martinez-Lopez 
E, et al. Association of −319 C/T and +49 A/G polymorphisms 
of CTLA-4 gene in patients with hepatitis C virus infection. 
Med Clin. 2017 Oct 12;S0025-7753(17):30658–9.

 31. Duan S, Zhang G, Han Q, Li Z, Liu Z, Chen J, et al. CTLA-4 exon 
1 +49 polymorphism alone and in a haplotype with −318 pro-
moter polymorphism may confer susceptibility to chronic HBV 
infection in Chinese Han patients. Mol Biol Rep. 2011;38(8): 
5125–32. http://dx.doi.org/10.1007/s11033-010-0660-7

 32. Thio CL, Mosbruger TL, Kaslow RA, Karp CL, Stra-
thdee SA, Vlahov D, et al. Cytotoxic T-lymphocyte anti-
gen 4 gene and recovery from hepatitis B virus infection. J 
Virol. 2004 Oct;78(20): 11258–62. http://dx.doi.org/10.1128/
JVI.78.20.11258-11262.2004

 33. Schott E, Witt H, Pascu M, van Boemmel F, Weich V, Bergk A, 
et al. Association of CTLA4 single nucleotide polymorphisms 
with viral but not autoimmune liver disease. Eur J Gastroenterol 
Hepatol. 2007 Nov;19(11):947–51. http://dx.doi.org/10.1097/
MEG.0b013e3282efa240

 34. Gu X, Qi P, Zhou F, Ji Q, Wang H, Dou T, et al. +49G > A poly-
morphism in the cytotoxic T-lymphocyte antigen-4 gene increases 
susceptibility to hepatitis B-related hepatocellular carcinoma in a 
male Chinese population. Hum Immunol. 2010 Jan;71(1):83–7. 
http://dx.doi.org/10.1016/j.humimm.2009.09.353

 35. National Center for Biotechnology Information (NCBI). [In-
ternet]. 2017 [cited 2017 December 12]. Available from: https://
www.ncbi.nlm.nih.gov/snp/?term=rs5742909

 36. Mao HT, Wang XB, Zhang L, Gu HT. Studies on the genetic 
pathogenesis of myasthenia gravis caused by CTLA-4 gene 
polymorphism. Chin J Med Genet. 2004 Dec;21(6):574–8.

 37. Hudson LL, Rocca K, Song YW, Pandey JP. CTLA-4 gene 
polymorphisms in systemic lupus erythematosus: A highly 
significant association with a determinant in the promoter re-
gion. Human Genet. 2002 Oct;111(4–5):452–5. http://dx.doi.
org/10.1007/s00439-002-0807-2

 38. Wang XB, Zhao X, Giscombe R, Lefvert AK. A CTLA-4 gene 
polymorphism at position −318 in the promoter region affects 
the expression of protein. Genes Immun. 2002 Jun;3(4):233–4. 
http://dx.doi.org/10.1038/sj.gene.6363869

 39. Danilovic DL, Mendes-Correa MC, Lima EU, Zam-
brini H, K Barros R, Marui S. Correlations of  CTLA-4 
gene polymorphisms and hepatitis C chronic infec-
tion. Liver Int. 2012 May;32(5): 803–8. http://dx.doi.
org/10.1111/j.1478-3231.2011.02694.x

 40. Yee LJ, Perez KA, Tang J, van Leeuwen DJ, Kaslow RA. Asso-
ciation of CTLA4 polymorphisms with sustained response to 
interferon and ribavirin therapy for chronic hepatitis C virus in-
fection. J Infect Dis. 2003 Apr 15;187(8):1264–71. http://dx.doi.
org/10.1086/374561

 41. Khorshied MM, Gouda HM, Khorshid OM. Association of 
 cytotoxic T-lymphocyte antigen 4 genetic polymorphism, hep-
atitis C viral infection and B-cell non-Hodgkin lymphoma: 
An Egyptian study. Leuk Lymphoma. 2014 May;55(5):1061–6. 
http://dx.doi.org/10.3109/10428194.2013.820294

 42. Sepahi S, Pasdar A, Gerayli S, Rostami S, Gholoobi A, Meshkat 
Z. CTLA-4 Gene haplotypes and the risk of chronic hepatitis 
C infection; a case control study. Rep Biochem Mol Biol. 2017 
Oct;6(1):51–8.

 43. Chen M, Chang Y, Tang F, Xie QH, Li J, Yang H, et al. Influ-
ence of  cytotoxic T lymphocyte-associated antigen 4 polymor-
phisms on the outcomes of  hepatitis B virus infection. Mol 
Med Rep. 2014 Feb;9(2):645–52. http://dx.doi.org/10.3892/
mmr.2013.1825

 44. Gough SC, Walker LS, Sansom DM. CTLA4 gene polymor-
phism and autoimmunity. Immunol Rev. 2005 Apr;204:102–15. 
http://dx.doi.org/10.1111/j.0105-2896.2005.00249.x

 45. Chistiakov DA, Savost’anov KV, Turakulov RI, Efremov IA, 
Demurov LM. Genetic analysis and functional evaluation of 
the C/T(−318) and A/G(−1661) polymorphisms of the CTLA-4 
gene in patients affected with Graves’ disease. Clin Immunol. 
2006 Feb–Mar;118(2–3):233–42. http://dx.doi.org/10.1016/j.clim. 
2005.09.017

 46. Vaidya B, Pearce SH, Charlton S, Marshall N, Rowan AD, 
Griffiths ID, et al. An association between the CTLA4 exon 1 
polymorphism and early rheumatoid arthritis with autoimmune 
endocrinopathies. Rheumatology. 2002 Feb;41(2):180–3. http://
dx.doi.org/10.1093/rheumatology/41.2.180

http://dx.doi.org/10.4049/jimmunol.164.1.144
http://dx.doi.org/10.4049/jimmunol.164.1.144
http://dx.doi.org/10.1073/pnas.95.17.10083
http://dx.doi.org/10.1073/pnas.95.17.10083
http://dx.doi.org/10.1126/science.270.5238.985
http://dx.doi.org/10.1126/science.270.5238.985
http://dx.doi.org/10.1016/j.hep.2003.09.027
http://dx.doi.org/10.1038/35057062
http://dx.doi.org/10.1038/35057062
http://dx.doi.org/10.1007/s11033-010-0660-7
http://dx.doi.org/10.1097/MEG.0b013e3282efa240
http://dx.doi.org/10.1097/MEG.0b013e3282efa240
http://dx.doi.org/10.1016/j.humimm.2009.09.353
https://www.ncbi.nlm.nih.gov/snp/?term=rs5742909
https://www.ncbi.nlm.nih.gov/snp/?term=rs5742909
http://dx.doi.org/10.1007/s00439-002-0807-2
http://dx.doi.org/10.1007/s00439-002-0807-2
http://dx.doi.org/10.1038/sj.gene.6363869
http://dx.doi.org/10.1111/j.1478-3231.2011.02694.x
http://dx.doi.org/10.1111/j.1478-3231.2011.02694.x
http://dx.doi.org/10.1086/374561
http://dx.doi.org/10.1086/374561
http://dx.doi.org/10.3109/10428194.2013.820294
http://dx.doi.org/10.3892/mmr.2013.1825
http://dx.doi.org/10.3892/mmr.2013.1825
http://dx.doi.org/10.1111/j.0105-2896.2005.00249.x
http://dx.doi.org/10.1016/j.clim.2005.09.017
http://dx.doi.org/10.1016/j.clim.2005.09.017
http://dx.doi.org/10.1093/rheumatology/41.2.180
http://dx.doi.org/10.1093/rheumatology/41.2.180


SNP of CTLA4 in viral hepatitis

 Journal of Renal and Hepatic Disorders 2018; 2(1): 10–17 17

 47. Wang XB, Kakoulidou M, Qiu Q, Giscombe R, Huang D, 
Pirskanen R, et al. CDS1 and promoter single nucleotide poly-
morphisms of the CTLA-4 gene in human myasthenia gravis. 
Genes Immunity. 2002 Feb;3(1):46–9. http://dx.doi.org/10.1038/
sj.gene.6363816

 48. Aguilar F, Torres B, Sanchez-Roman J, Nunez-Roldan A, 
 Gonzalez-Escribano MF. CTLA4 polymorphism in Span-
ish  patients with systemic lupus erythematosus. Hum Im-
munol. 2003 Oct;64(10):936–40. http://dx.doi.org/10.1016/
S0198-8859(03) 00171-X

 49. Maurer M, Loserth S, Kolb-Maurer A, Ponath A, Wiese 
S, Kruse N, et al. A polymorphism in the human cytotoxic 
T- lymphocyte antigen 4 ( CTLA4) gene (exon 1 +49) alters 
T-cell activation. Immunogenetics. 2002 Apr;54(1):1–8. http://
dx.doi.org/10.1007/s00251-002-0429-9

 50. Ueda H, Howson JM, Esposito L, Heward J, Snook H, Cham-
berlain G, et al. Association of  the T-cell regulatory gene 
CTLA4 with susceptibility to autoimmune disease. Nature. 
2003 May 29;423(6939):506–11. http://dx.doi.org/10.1038/
nature01621

 51. Anjos S, Nguyen A, Ounissi-Benkalha H, Tessier MC, Poly-
chronakos C. A common autoimmunity predisposing sig-
nal peptide variant of the cytotoxic T-lymphocyte antigen 4 
 results in inefficient glycosylation of the susceptibility allele. 
J Biol Chem. 2002 Nov 29;277(48):46478–86. http://dx.doi.
org/10.1074/jbc.M206894200

 52. Ligers A, Teleshova N, Masterman T, Huang WX, Hillert J. 
CTLA-4 gene expression is influenced by promoter and exon 1 
polymorphisms. Genes Immun. 2001 May;2(3):145–52. http://
dx.doi.org/10.1038/sj.gene.6363752

 53. Sun T, Zhou Y, Yang M, Hu Z, Tan W, Han X, et al. Func-
tional genetic variations in cytotoxic T-lymphocyte antigen 4 
and susceptibility to multiple types of cancer. Cancer Res. 2008 
Sep 1;68(17):7025–34. http://dx.doi.org/10.1158/0008-5472.
CAN-08-0806

 54. Matas M, Picornell A, Cifuentes C, Payeras A, Homar F, Gon-
zalez-Candelas F, et al. Relating the outcome of HCV infection 
and different host SNP polymorphisms in a Majorcan popula-
tion coinfected with HCV-HIV and treated with pegIFN-RBV. 
Int Microbiol. 2014 Mar;17(1):11–20.

 55. Lee MH, Yang HI, Yuan Y, L’Italien G, Chen CJ. Epidemiology 
and natural history of hepatitis C virus infection. World J Gas-
troenterol. 2014 Jul 28;20(28):9270–80.

 56. Sharp A, Robinson D, Jacobs P. Age and tissue-specific vari-
ation of X chromosome inactivation ratios in normal women. 
Hum Genet. 2000 Oct;107(4):343–9. http://dx.doi.org/10.1007/
s004390000382

 57. Zhang G, Han Q, Duan S, Li Z, Li N, Zhu Q, et al. PDCD1 
polymorphism amplifies the predisposing effect conferred 
by CTLA4 polymorphism in chronic hepatitis B virus infec-
tion. Hum Immunol. 2012 Apr;73(4):421–5. http://dx.doi.
org/10.1016/j.humimm.2012.01.013

 58. Cheikhrouhou LK, Lakhoua-Gorgi Y, Sfar I, Jendoubi-Ayed S, 
Aouadi H, Makhlouf M, et al. Natural evolution of HCV infec-
tion in hemodialysis Tunisian patients. World J Gastroenterol. 
2015 Sep 21;21(35):10150–8.

 59. Mohammad Alizadeh AH, Hajilooi M, Ranjbar M, Fal-
lahian F, Mousavi SM. Cytotoxic T-lymphocyte antigen 4 
gene polymorphisms and susceptibility to chronic hepatitis B. 
World J  Gastroenterol. 2006 Jan 28;12(4):630–5. http://dx.doi.
org/10.3748/wjg.v12.i4.630

 60. Chen DQ, Zeng Y, Zhou J, Yang L, Jiang S, Huang JD, et al. 
Association of candidate susceptible loci with chronic infection 
with hepatitis B virus in a Chinese population. J Med Virol. 
2010 Mar;82(3):371–8. http://dx.doi.org/10.1002/jmv.21716

 61. Xu H, Zhao M, He J, Chen Z. Association between cytotoxic 
T-lymphocyte associated protein 4 gene +49 A/G polymor-
phism and chronic infection with hepatitis B virus: A meta- 
analysis. J Int Med Res. 2013 Jun;41(3):559–67. http://dx.doi.
org/10.1177/0300060513483387

 62. Murphy DG, Sablon E, Chamberland J, Fournier E, Danda-
vino R, Tremblay CL. Hepatitis C virus genotype 7, a new ge-
notype originating from central Africa. J Clin Microbiol. 2015 
Mar;53(3):967–72. http://dx.doi.org/10.1128/JCM.02831-14

 63. Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiff-
man M, Reindollar R, et al. Peginterferon alfa-2b plus ribavi-
rin compared with interferon alfa-2b plus ribavirin for initial 
treatment of chronic hepatitis C: A randomised trial. Lancet. 
2001 Sep 22;358(9286):958–65. http://dx.doi.org/10.1016/
S0140-6736(01)06102-5

 64. Rizk HH, Hamdy NM, Al-Ansari NL, El-Mesallamy HO. Pre-
treatment predictors of response to PegIFN-RBV therapy in 
Egyptian patients with HCV genotype 4. PLoS One. 2016 Apr 
21;11(4):e0153895. http://dx.doi.org/10.1371/journal.pone. 0153895

 65. Xie Y, Xu DZ, Lu ZM, Luo KX, Jia JD, Wang YM, et al. 
 Predictive factors for sustained response to interferon treatment 
in patients with chronic hepatitis C: A randomized, open, and 
multi-center controlled trial. Hepatobiliary Pancreat Dis Int. 
2005 May;4(2):213–19.

 66. Thompson CB. Distinct roles for the costimulatory ligands B7-1 
and B7-2 in T helper cell differentiation? Cell. 1995;81(7):979–82. 
http://dx.doi.org/10.1016/S0092-8674(05)80001-7

 67. Farkona S, Diamandis EP, Blasutig IM. Cancer immunother-
apy: The beginning of the end of cancer? BMC Med. 2016 
May;14:73. http://dx.doi.org/10.1186/s12916-016-0623-5

 68. Ravi S, Spencer K, Ruisi M, Ibrahim N, Luke JJ, Thompson 
JA, et al. Ipilimumab administration for advanced melanoma 
in patients with pre-existing Hepatitis B or C infection: A multi-
center, retrospective case series. J Immunother Cancer. 2014 Oct 
14;2(1):33. http://dx.doi.org/10.1186/s40425-014-0033-1

 69. Sangro B, Gomez-Martin C, de la Mata M, Inarrairaegui M, 
Garralda E, Barrera P, et al. A clinical trial of CTLA-4  blockade 
with tremelimumab in patients with hepatocellular carcinoma 
and chronic hepatitis C. J Hepato. 2013 Jul;59(1):81–8.

http://dx.doi.org/10.1038/sj.gene.6363816
http://dx.doi.org/10.1038/sj.gene.6363816
http://dx.doi.org/10.1007/s00251-002-0429-9
http://dx.doi.org/10.1007/s00251-002-0429-9
http://dx.doi.org/10.1038/nature01621
http://dx.doi.org/10.1038/nature01621
http://dx.doi.org/10.1074/jbc.M206894200
http://dx.doi.org/10.1074/jbc.M206894200
http://dx.doi.org/10.1038/sj.gene.6363752
http://dx.doi.org/10.1038/sj.gene.6363752
http://dx.doi.org/10.1158/0008-5472.CAN-08-0806
http://dx.doi.org/10.1158/0008-5472.CAN-08-0806
http://dx.doi.org/10.1007/s004390000382
http://dx.doi.org/10.1007/s004390000382
http://dx.doi.org/10.1016/j.humimm.2012.01.013
http://dx.doi.org/10.1016/j.humimm.2012.01.013
http://dx.doi.org/10.3748/wjg.v12.i4.630
http://dx.doi.org/10.3748/wjg.v12.i4.630
http://dx.doi.org/10.1002/jmv.21716
http://dx.doi.org/10.1177/0300060513483387
http://dx.doi.org/10.1177/0300060513483387
http://dx.doi.org/10.1128/JCM.02831-14
http://dx.doi.org/10.1371/journal.pone.0153895
http://dx.doi.org/10.1186/s12916-016-0623-5
http://dx.doi.org/10.1186/s40425-014-0033-1

