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ABSTRACT

Single nucleotide polymorphisms (SNPs) of cytotoxic T lymphocyte associated
antigen-4 gene (CTLA-4) have been associated with graft rejection and long-term
clinical outcome after organ transplantation. Our aim was to examine the association
between CTLA-4 SNPs (rs733618, rs4553808, rs5742909, rs231775, rs3087243) and
long-term allograft function in Chinese renal transplant recipients. Genotyping of CTLA-
4 SNPs was performed in 292 renal transplantation recipients. To assess long-term
allograft function, the estimated glomerular filtration rate (eGFR) was determined 1,
3,6,12, 24, 36, 48 and 60 months after renal transplantation. CTLA-4 rs733618 and
rs3087243 alleles and genotypes as well as the rs5742909 and rs231775 genotypes
were significantly associated with long-term allograft function after transplantation
(P<0.05). Patients with favorable genotypes had higher allograft function during the
60 months after transplantation. The TACGG, CACAG and CGTAA haplotypes were
also associated with long-term kidney function after renal transplantation (P<0.05
or P<0.01). In sum, the favorable CTLA-4 rs5742909TT genotype, CTLA-4 rs733618C
and rs3087243A alleles, and CACAG and CGTAA haplotypes, as well as the unfavorable
rs733618TT, rs3087243GG and rs231775GG genotypes and TACGG haplotype could
potentially serve as effective indicators of long-term allograft function in Chinese
renal transplantation recipients.

Published: April 12, 2016

function of CTLA-4.

CTLA-4 gene is located on chromosome 2q33.
Single nucleotide polymorphisms (SNPs) in CTLA-4 are
associated with autoimmune diseases such as autoimmune
thyroid disease and multiple sclerosis, and play an
influential role in graft rejection and the long-term clinical

INTRODUCTION

In addition to generating a large repertoire of T cells
that recognize a wide array of unknown pathogens, the
thymus also adds self-reactive T cells to the peripheral T
cell pool. Cytotoxic T lymphocyte associated antigen-4

(CTLA-4) is a key player in the control of self-reactive
T cells. Genetic deficiency in CTLA-4 is lethal in mice
due to profound immune dysregulation and autoimmune
disease [1]. This highlights the critical immunoregulatory

outcome of organ transplantation [2-12]. The +49A/G
(rs231775) SNP in exon | of CTLA-4 results in a thr17-to-
ala (T17A) substitution [13]. The -1772T/C (rs733618),
-318C/T (rs5742909) and -1661A/G (rs4553808) SNPs
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Table 1: The influences of allele distribution of CTLA-4 SNPs on long-term allograft function over 60 months

Allele Frequency gvalue T G*T
rs733618 ;l; ;gg 0.008 0.000 0.019
rs4553808 é ‘1‘;; 0209 0.000 0.050
155742909 g ‘:E 0215 0.000 0.031
15231775 é i;i 0.248 0.000 0.015
rs3087243 é 22 0.005 0.000 0.000

G = group; T = time; G*T = group*time interaction

are all located in the CTLA-4 promoter region and affect
the expression of CTLA-4 and cause abnormal alternative
splicing [14, 15]. The CT60G/A (rs3087243) SNPis a 3’
prime UTR polymorphism and encodes either a protective
A/A genotype or a G/G genotype that predisposes the
carrier to autoimmune disease [16].

We recently published two papers on the association
between CTLA-4 SNPs and the rate of acute rejection
(AR) after renal transplantation [9, 10]. In the present
study, we report that by estimating the glomerular
filtration rate (eGFR) at different time intervals after renal
transplantation, we determined that association between
CTLA-4 SNPs (CTLA-4 15733618, rs4553808, rs5742909,
1rs231775, rs3087243) and long-term renal function in Han
Chinese transplant recipients.

RESULTS

CTLA-4 genotype and eGFR

We examined the relations between CTLA-4
SNPs (15733618, rs4553808, rs5742909, rs231775 and
rs3087243) and eGFR (eGFR < 90 mL/min/1.73 m? was
identified as renal failure and was staged according to
the KDIGO guidelines) over a period of 60 months in
recipients of kidney transplants. As shown in Figure 1 and
Table 1, the C allele of rs733618 (220/584) and A allele
of 1s3087243 (72/584) were significantly associated with
higher eGFR (P < 0.01). After renal transplantation, the
eGFR trended upward in all allele groups (P < 0.05 in tests
of within-subjects effects and multivariate analysis), but
especially in the favorable allele groups (P < 0.05 in tests
of between-subjects analysis). As shown in Figure 2 and
Table 2, the dominant rs733618 genotype (TT/(CC+CT)
(112/(40+140))) was significantly associated with the
eGFR through the 60 months of follow-up (P < 0.05). At
the same time, recessive analysis showed that rs5742909

(TT/(CCHCT) (8/(198+86))), 1s3087243 (GG/(AA+AG)
(228/(8+56))) and 1231775 (GG/(AA+AG) (116/
(36+140))) were also related to eGFR (P < 0.05 in tests
of between-subjects effects). Furthermore, for 60 months
following the transplant operation, the eGFR showed
opposite trends depending on whether the recipient had a
protective genotype or one predisposing them to rejection
(P <0.05 in tests of within-subject effects and multivariate
analysis).

CTLA-4 haplotype and eGFR (Table 3)

Our haplotype analysis showed that recipients with
the CACAG and CGTAA haplotypes had better long-term
kidney function (36 months after renal transplantation)
based on eGFR [17] (P < 0.01). On the other hand, the
TACGG haplotype was associated with poorer kidney
function 24 or 36 months after renal transplantation (P
< 0.05 or P < 0.01). The frequencies of the CGTAG,
TACAG, CACGG and CGCAG haplotypes were very low
or no association with long-term eGFR was observed.

DISCUSSION

CTLA-4 is a costimulatory receptor that controls
T-cell activation. Its’ fusion protein was approved by the
U.S. Food and Drug Administration in June 2011 for the
prophylaxis of organ rejection in adult patients receiving
a kidney transplant [18]. Kusztal M et al. found that
1s231775 was associated with long-term kidney allograft
function in Caucasian recipients[19]. In the present
study, we assessed the influence of five CTLA-4 SNPs on
long-term kidney function after renal transplantation in
Chinese people. We observed that over a 60-month period
after renal transplantation, eGFR was higher in individuals
bearing the rs733618C, rs3087243A and rs5742909TT
genotypes and lower in those with the rs733618TT,
1s3087243GG and rs231775GG genotypes. These results
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Figure 1: The influences of allele distribution of CTLA-4 SNPs on allograft function expressed as eGFR (estimated
glomerular filtration rate) over 60 months: After renal transplantation, the eGFR trended upward in all allele groups
(P < 0.05 in tests of within-subjects effects and multivariate analysis). A. rs733618, patients with C allele had better allograft
function than those with T allele (P < 0.05 in test of between-subjects analysis); B. rs4553808; C. rs5742909; D. rs231775; E. rs3087243,
patients with A allele had better allograft function than those with G allele (P < 0.05 in test of between-subjects analysis).
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Table 2: The influences of genotype distribution of CTLA-4 SNPs on long-term allograft function over 60 months

P-value

Genotype Frequency |Model G T G T

5733618 TT 112 Dominant 0.000 0.000 0.002
CC |40 Recessive 0.543 0.000 0.082
TC [140

rs4553808 [AA 192 Dominant 0.268 0.000 0.026
GG |12 Recessive 0.198 0.073 0.004
AG |88

rs5742909 |CC [198 Dominant 0.515 0.000 0.044
TT |8 Recessive 0.049 0.000 0.049
CT |86

rs231775 AA |36 Dominant 0.176 0.001 0.299
GG |116 Recessive 0.012 0.000 0.000
AG |140

rs3087243 |AA |8 Dominant 0.050 0.021 0.011
GG 228 Recessive 0.019 0.000 0.000
AG |56

G = group; T = time; G*T = group*time interaction

Table 3: Analysis of Haplotype Associations of CTLA-4 SNPs with long-term allograft function expressed as eGFR in

different time intervals

Frequency (%)
Haplotype

1m 3m 6m 12m 24m 36m 48m 60m
eGFR(ml/
min/1.73 <90 [=90 <90 [=90 <90 |90 [<90 |=90 |<90[=90 <90 |>90 <9012>90 <90(=90
m?)
TACGG 59.0 |[57.9 49.8 159.6 |[58.5 |58.1 |60.5 |57.7 |63 [56.4 67.5 | 52.7%* [ 67.3 | 52.5%*% 166.9 | 53.7%*
CACAG 13.3 |16.6 119 163 [17.3 |154 [17.8 |152 |12.5]16.9 10.1 [ 18.9%* [10.2 ] 19.1** 8.0 [19.7**
CGTAA 4.9 |14.0%* [0.0 13.4**110.8 |11.6 |7.1 [12.5 |50 [13.9%* (74 [|13.8* (7.1 |14.1* |[8.0 [13.2
CGTAG 6.1 |3.8 11.8 |3.2%% |43 |44 |7.1 |38 50 |42 1.9 |5.9*% 22 |5.8% 4.0 4.7
TACAG 99 |[04** 144 |1.2%* (45 |28 |73 |2.0%% [88 ]0.9%* |43 |24 3.7 2.7 26 |33
CACGG 0.1 |3.9* 0.1 33% 0.1 |3.4**[0.1 |3.5% 0.1 [3.9* 4.7 |1.8* 54 |[1.3*% [6.0 |1.2%*
CGCAG 3.7 |1.0* 7.2 0.8*¥* 10.0 (2.0 [0.0 (2.1 25 |14 1.9 |1.6 1.8 |11.7 2.0 |16

*P <0.05, ** P<0.01

are consistent with earlier reports that CTLA-4 rs231775
and rs3087243 are associated with long-term kidney
allograft function or over survival [5, 19]. However, the
present study is the first to report that CTLA-4 rs733618
SNP is associated with long-term kidney function after
renal transplantation. Interestingly we also found in
an earlier study that rs733618 is associated with AR
after renal transplantation [10]. This may reflect ethnic
differences between Asians and Caucasians, in whom
the frequencies of the T allele are 60% and 93-94%,

respectively [20]. Regarding the CTLA-4 rs5742909 SNP,
the potential benefit was very weak (P = 0.049) and will
require further examination of a larger sample to confirm.

Recombinant CTLA-4 containing a Thrl7Ala
substitution caused by the +49A/G (rs231775) SNP
showed significantly less ability to inhibit T-cell
proliferation and activation than its counterpart CTLA-4-
17Thr [21, 22]. This means a stronger immune response is
achieved with the rs231775G/GG genotype. Consequently,
as we’ve observed previously [9, 10], the rs231775 SNP
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Figure 2: The influences of genotype distribution of CTLA-4 SNPs on allograft function expressed as eGFR over
60 months: A. dominant effect of rs733618; B. Recessive effect of rs733618; C. dominant effect of rs4553808; D. Recessive effect of
rs4553808; E. dominant effect of rs5742909; F. Recessive effect of rs5742909; G. dominant effect of rs231775; H. Recessive effect of
rs231775; I. dominant effect of rs3087243; J. Recessive effect of rs3087243. eGFR: estimated glomerular filtration rate.
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is associated with a higher incidence of AR and worse
allograft function after renal transplantation. The CTLA-
4 133087243 SNP could decrease sCTLA-4 levels at
the cellular level and in renal transplant recipients [23,
24]. However, lower sCTLA-4 levels lead to weaker
immunosuppression [23], which may explain the poorer
kidney function in recipients with the rs3087243 G/GG
genotype. The CTLA-4 1s733618 SNP is located in the
promoter region and reduces binding of the transcription
factor nuclear factor 1 to its binding site, thereby
weakening expression of cell surface CTLA-4 [25]. This
in turn decreases suppression of immune attacks after renal
transplantation. It is therefore not surprising that recipients
carrying the T/TT genotypes at CTLA-4 rs733618 have
a higher incidence of AR and poorer renal function than
those carrying the CTLA-4 rs733618 C/CC+CT genotypes
[10].

Consistent with the genotype and allelic analyses,
the haplotypes of the aforementioned C7TLA4-4 SNPs and
were associated with the eGFR and long-term kidney
function in the transplant recipients. While the TACGG
haplotype, which includes rs733618T, rs231775G
and rs3087243G, was associated with poorer kidney
function, the CACAG (including rs733618C, rs231775A
and rs3087243G) and CGTAA (including rs733618C,
rs231775A and rs3087243A) haplotypes were associated
with higher eGFRs and better kidney function. It appears,
therefore, that the CTLA-4 rs733618 and rs231775 SNPs
are potentially useful predictors of long-term allograft
function after renal transplantation.

In conclusion, our results show that the favorable
rs733618C, rs3087243A and rs5742909TT genotypes
and CACAG and CGTAA haplotypes may serve as
indicators of better allograft function in Chinese renal
transplantation recipients. At the same time, patients
with the rs733618TT, rs3087243GG and rs231775GG
genotypes and the TACGG haplotype may have poorer
long-term kidney function. These results provide new
clues for individualized immunotherapy, especially long-
term therapy for renal transplant recipients, though they
will require confirmation by larger studies.

MATERIALS AND METHODS

Patients

The study was conducted in China and approved by
the Ethics Committee of Shanghai Jiao Tong University.
All participants provided written informed consent. A total
0f 292 cadaveric renal transplantation recipients (194 men
and 98 women; median age, 46.0 years) were included.
The transplantations took place at the Shanghai Organ
Transplantation Center from 2006 to 2009 with follow-
ups of not less than 60 months. The blood groups of all

recipients were matched with their donors, as were a panel
of reactive antibody and HLA-A-B-DR. Blood samples
were collected from all patients for genetic analysis at the
start of the study and for the evaluation of the creatinine
concentration 1, 3, 6, 12, 24, 36, 48 and 60 months after
renal transplantation. The eGFR was calculated using
the abbreviated Modification of Diet in Renal Disease
(MDRD) study equation, c-aGFR(ml/min per 1.73m?) =
186%[sCr (mg/dL)]-1.154 x [age(years)]-0.203 x (0.742 if
female)*(1.233 if Chinese) [26].

Immunosuppression protocol

Mycophenolate mofetil (MMF) and
methylprednisolone were given prior to surgery and on the
2 days after the operation. A standard immunosuppressive
protocol of triple therapy with Cyclosporine (CsA)/
Tacrolimus (TAC), MMF and prednisone was administered
beginning on the third day after the operation. The MMF
dosage was 1.0-1.5 g/day with a weight of 60 kg as the
critical value. The CsA and TAC were started at dosages
of 8 mg/kg/day and 0.2 mg/kg/day, respectively, and then
adjusted based on the blood drug concentration and serum
creatinine.

Sample collection and polymorphism genotyping

CTLA-4 SNPs (CTLA-4 15733618, rs4553808,
1s5742909, rs231775 and rs3087243) were genotyped
using the method described previously with polymerase
chain reaction (PCR) and direct sequencing [10].

Statistical analysis

Statistical analysis was performed using SPSS
20.0 software (SPSS Inc., Chicago IL, USA). The
eGFR in those renal recipients were compared between
genotype groups using the nonparametric Kruskal-Wallis
test followed by the Mann-Whitney test. An adjusted P
value < 0.05 was considered statistically significant.
Genotype associations were analyzed using a dominant
model (minor-allele homozygotes plus heterozygotes vs.
major-allele homozygotes) and a recessive model (minor-
allele homozygotes vs. heterozygotes plus major-allele
homozygotes). The allelic frequencies were counted in
a single strand of measured DNA. The effects of SNPs,
time and the SNPs*time interaction on eGFR were
determined using repeated-measures ANCOVA. We
explored the haplotype association for five SNPs using
Haploview version 4.2. Haplotype was analyzed using the
expectation-maximum algorithm.

www.impactjournals.com/oncotarget

23093

Oncotarget



GRANT SUPPORT

This project was supported by grants from
the National Natural Science Foundation of China
(81370842 and 81403010) and supported by the Organ
Transplantation Center, Shanghai Jiao Tong University,
Shanghai.

CONFLICTS OF INTEREST

The authors disclosed no potential conflicts of
interest.

REFERENCES

1. Tivol EA, Borriello F, Schweitzer AN, Lynch WP,
Bluestone JA and Sharpe AH. Loss of CTLA-4 leads to
massive lymphoproliferation and fatal multiorgan tissue
destruction, revealing a critical negative regulatory role of
CTLA-4. Immunity. 1995; 3:541-547.

2. Gendzekhadze K, Rivas-Vetencourt P and Montano RF.
Risk of adverse post-transplant events after kidney allograft
transplantation as predicted by CTLA-4 +49 and TNF-alpha
-308 single nucleotide polymorphisms: a preliminary study.
Transpl Immunol. 2006; 16:194-199.

3. Gorgi Y, Sfar I, Abdallah TB, Abderrahim E, Ayed SJ,
Aouadi H, Bardi R and Ayed K. Ctla-4 exon 1 (+49)
and promoter (-318) gene polymorphisms in kidney
transplantation. Transplant Proc. 2006; 38:2303-2305.

4. Han FF, Fan H, Wang ZH, Li GR, Lv YL, Gong LL, Liu
H, He Q and Liu LH. Association between co-stimulatory
molecule gene polymorphism and acute rejection of
allograft. Transpl Immunol. 2014; 31:81-86.

5. Misra MK, Kapoor R, Pandey SK, Sharma RK and Agrawal
S. Association of CTLA-4 gene polymorphism with end-
stage renal disease and renal allograft outcome. J Interferon
Cytokine Res. 2014; 34:148-161.

6. Domanski, Bobrek-Lesiakowska K, Kloda, Pawlik
A, Safranow K, Wisniewska M, Romanowski M and
Ciechanowski K. The impact of 1s231775 (+49AG) CTLA4
gene polymorphism on transplanted kidney function. Ann
Transplant. 2012; 17:29-35.

7. Canossi A, Aureli A, Delreno F, lesari S, Cervelli C,
Clemente K, Famulari A, Pisani F and Papola F. Influence
of cytotoxic T-lymphocyte antigen-4 polymorphisms
on acute rejection onset of cadaveric renal transplants.
Transplant Proc. 2013; 45:2645-2649.

8. Zhu CL, Huang Q, Liu CH and Xie F. Polymorphisms in the
cytotoxic T-lymphocyte antigen 4 gene and acute rejection
risk in transplant recipients. Mol Biol Rep. 2012; 39:8701-
8708.

9.  Gao JW, Zhou ZH, Guo SC, Guo YF and Guo F. A deeper
understanding of the association between CTLA4 +49A/G
and acute rejection in renal transplantation: an updated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

meta-analysis. Ren Fail. 2015; 37:165-174.

Gao JW, Guo YF, Fan Y, Qiu JX, Bao ED, Liu Y, Qin Y
and Zhang F. Polymorphisms in cytotoxic T lymphocyte
associated antigen-4 influence the rate of acute rejection
after renal transplantation in 167 Chinese recipients.
Transpl Immunol. 2012; 26:207-211.

Kim HJ, Jeong KH, Lee SH, Moon JY, Lee TW, Kang
SW, Park SJ, Kim YH and Chung JH. Polymorphisms of
the CTLA4 gene and kidney transplant rejection in Korean
patients. Transpl Immunol. 2010; 24:40-44.

Wisniewski A, Kusztal M, Magott-Procelewska M, Klinger
M, Jasek M, Luszczek W, Nowak I, Kosmaczewska
A, Ciszak L, Frydecka I, Gorski A and Kusnierczyk P.
Possible association of cytotoxic T-lymphocyte antigen 4
gene promoter single nucleotide polymorphism with acute
rejection of allogeneic kidney transplant. Transplant Proc.
2006; 38:56-58.

Marron MP, Zeidler A, Raffel LJ, Eckenrode SE, Yang
JJ, Hopkins DI, Garchon HJ, Jacob CO, Serrano-Rios M,
Martinez LMT, Park Y, Bach JF, Rotter JI, et al. Genetic
and physical mapping of a type 1 diabetes susceptibility
gene (IDDM12) to a 100-kb phagemid artificial
chromosome clone containing D2S72-CTLA4-D2S105 on
chromosome 2q33. Diabetes. 2000; 49:492-499.

Wang XB, Pirskanen R, Giscombe R and Lefvert AK. Two
SNPs in the promoter region of the CTLA-4 gene affect
binding of transcription factors and are associated with
human myasthenia gravis. J Intern Med. 2008; 263:61-69.
Fan LY, Tu XQ, Cheng QB, Zhu Y, Feltens R, Pfeiffer
T and Zhong RQ. Cytotoxic T lymphocyte associated
antigen-4 gene polymorphisms confer susceptibility to
primary biliary cirrhosis and autoimmune hepatitis in
Chinese population. World J Gastroenterol. 2004; 10:3056-
3059.

Ueda H, Howson JM, Esposito L, Heward J, Snook H,
Chamberlain G, Rainbow DB, Hunter KM, Smith AN, Di
GG, Herr MH, Dahlman I, Payne F, et al. Association of
the T-cell regulatory gene CTLA4 with susceptibility to
autoimmune disease. Nature. 2003; 423:506-511.

Fliser D, Laville M, Covic A, Fouque D, Vanholder
R, Juillard L and Van Biesen W. A European Renal
Best Practice (ERBP) position statement on the Kidney
Disease Improving Global Outcomes (KDIGO) clinical
practice guidelines on acute kidney injury: part 1:
definitions, conservative management and contrast-induced
nephropathy. Nephrol Dial Transplant. 2012; 27:4263-
4272.

Jin H, Li C, Li D, Cai M, Li Z, Wang S, Hong X and
Shi B. Construction and characterization of a CTLA-
4-targeted scFv-melittin fusion protein as a potential
immunosuppressive agent for organ transplant. Cell
Biochem Biophys. 2013; 67:1067-1074.

Kusztal M, Koscielska-Kasprzak K, Drulis-Fajdasz
D, Magott-Procelewska M, Patrzalek D, Janczak D,
Chudoba P and Klinger M. The influence of CTLA-4 gene

www.impactjournals.com/oncotarget

23094

Oncotarget



20.

21.

22.

23.

polymorphism on long-term kidney allograft function in
Caucasian recipients. Transpl Immunol. 2010; 23:121-124.
Krichen H, Sfar I, Hadj KH, Bardi R, Jendoubi-Ayed S,
Makhlouf M, Ben RT, Besseghair F, Aouadi H, Ben AT,
Ayadi H, Ayed K and Gorgi Y. (AT) repeat in the 3’
untranslated region of the CTLA-4 gene and susceptibility
to acute allograft rejection in Tunisian renal transplantation.
Transplant Proc. 2010; 42:4314-4317.

Ngu JH, Wallace MC, Merriman TR, Gearry RB, Stedman
CA and Roberts RL. Association of the HLA locus and
TNF with type I autoimmune hepatitis susceptibility in New
Zealand Caucasians. Springerplus. 2013; 2:355.

Kouki T, Sawai Y, Gardine CA, Fisfalen ME, Alegre ML
and DeGroot LJ. CTLA-4 gene polymorphism at position
49 in exon 1 reduces the inhibitory function of CTLA-4
and contributes to the pathogenesis of Graves’ disease. J
Immunol. 2000; 165:6606-6611.

Esposito L, Hunter KM, Clark J, Rainbow DB, Stevens
H, Denesha J, Duley S, Dawson S, Coleman G, Nutland
S, Bell GL, Moran C, Pekalski M, et al. Investigation of
soluble and transmembrane CTLA-4 isoforms in serum and
microvesicles. J] Immunol. 2014; 193:889-900.

24.

25.

26.

Atabani SF, Thio CL, Divanovic S, Trompette A, Belkaid
Y, Thomas DL and Karp CL. Association of CTLA4
polymorphism with regulatory T cell frequency. Eur J
Immunol. 2005; 35:2157-2162.

Geng R, Song F, Yang X, Sun P, Hu J, Zhu C, Zhu
B and Fan W. Association between cytotoxic T
lymphocyte antigen-4 +49A/G, -1722T/C, and -1661A/G
polymorphisms and cancer risk: a meta-analysis. Tumour
Biol. 2014; 35:3627-3639.

Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, Xu JS,
Huang SM, Wang LN, Huang W, Wang M, Xu GB and
Wang HY. Modified glomerular filtration rate estimating
equation for Chinese patients with chronic kidney disease.
J Am Soc Nephrol. 2006; 17:2937-2944.

www.impactjournals.com/oncotarget

23095

Oncotarget



