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 Background: Cytokines and co-stimulatory molecules are important factors 

determining the outcome of transplantation. Since host immune response to the 

transplanted organs may be affected by cytokine and co-stimulatory molecules single 
nucleotide gene polymorphisms [ SNPs), the aim of the present study was to investigate 

the effect of IL-18 and CD40 SNPs in outcome of kidney transplantation in Iranian 

patients. Objective: A total of 240 kidney transplant recipients were included in this 
study consisted of 79 acutely rejected (AR group) and 161 non-acutely rejected (Non-

AR group) patients. Allele and genotype frequencies of IL-18 (rs1946519) and CD40 

(rs1883832) SNPs were determined using polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) method. Results: There was no significant 

association between IL-18 and CD40 SNPs and acute kidney allograft rejection. Also, 

after grouping the kidney recipients according to living and cadaver donors, we did not 
find significant association between these SNPs and acute kidney allograft rejection. In 

addition, after categorization of recipients according to their gender, no significant 

association between these SNPs and kidney rejection was seen. Conclusion: The 
results of this study indicated that there is no correlation between genotype and allele 

frequencies of IL-18 (rs1946519) and CD40 (rs1883832) SNPs and outcome of kidney 

transplantation in Iranian population. 
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INTRODUCTION 

 

Currently, the best treatment of choice for the patients with end stage renal failure is kidney transplantation. 

Although development of immunosuppressive drugs and improvement of surgical techniques has been improved 

the outcome of kidney transplantation, acute rejection is a common phenomenon in transplantation [1]. T-cell 

mediated immune response plays a critical role in the transplantation outcome [2,4]. Three separate signals are 

needed for T cell full activation. The first signal is provided by interaction between T-cell receptor and MHC 

molecules. Co-stimulatory molecules and cytokines deliver the second and third signals [3,4].  

CD40 is a co-stimulatory molecule that is a member of the tumor necrosis factor receptor (TNF-R) family. 

It is a surface receptor best known for its capacity to initiate complex activation signaling in B cells and 

dendritic cells. This molecule participates in initiation and maintenance of inflammation through interaction 

with CD40 ligand (CD40L or CD154) [5]. Blocking the interaction between CD40 and CD154 by anti-CD154 

or anti-CD40 antibody has been found to be beneficial in several animal models of autoimmune diseases and 

transplantation [6,7]. CD40 expression is induced by a variety of stimuli including: interferon-γ (IFN-γ) and 

lipopolysaccharide (LPS) of gram negative bacteria [8].  

Naive T cells differentiate to the various subtypes (TH1, TH2 and TH17) under different cytokine scene [9]. 

In transplantation models, the Th1 cytokine profile often associates with allograft rejection, while the Th2 

profile favors the acquisition of tolerance and stable graft survival [10]. Interleukin-18 (IL-18) is an important 

proinflammatory cytokine, member of the Interleukin-1 (IL-1) cytokine family, which has been shown to exert 

innate and acquired immune responses [11,12]. IL-18 is expressed by a wide range of immune cells and has 

multiple biological functions 19. This pleiotropic cytokine can mediate both Th1 and Th2 driven immune 

responses [13,15]. IL-18 known as interferon-γ (IFN- γ) inducing factor, stimulates IFN- γ production by T cells 

[16-17]. Recent studies showed that IL-18 up-regulates vascular cell adhesion molecule-1 (VCAM-1) and 

intracellular adhesion molecule-1 (ICAM-1) expression on the endothelial cells [18]. In a variety of studies, 
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association of IL-18 and several human diseases including autoimmune diseases and transplantation has been 

shown [19,20].  

A number of studies have shown the importance of different gene polymorphisms on the outcome of organ 

transplantations [21,23]. Taking into account the importance of IL-18 and CD40 in T cell activation and 

important role of t-cell activation in kidney allograft rejection, the aim of the present study was to investigate the 

association of single nucleotide polymorphisms (SNP) in the genes of these two molecules with allograft 

rejection in kidney transplant recipients. 

 

MATERIALS AND METHODS 

 

Study groups: 

This study included 240 kidney transplant recipient patients. All of them were Iranian and had transplant 

operation at the transplant center of Namazi hospital affiliated with Shiraz University of Medical Sciences from 

2005 to 2011. Patients were divided into two groups; acute rejection group (AR group) (79 patients) and non 

acute rejection group (non-AR group) (161 patients). Rejection episodes were identified by an expert 

nephrology team based on the approved clinical diagnostic criteria and invariably confirmed by needle biopsy as 

well as elevated serum creatinine and blood urea nitrogen levels. This study was approved by the Ethics 

Committee of Shiraz University of Medical Sciences. 

 

DNA Extraction and genotyping: 

Genomic DNA was extracted from Buffy coat of the whole blood obtained from patients, using QIAamp 

DNA Mini Kit (Qiagen, Germany) according to the manufacturer’s instructions. IL-18 (-656G/T, rs1946519) 

and CD40 (C/T, rs1883832) SNPs were evaluated by polymerase chain reaction-restriction fragment length 

polymorphism (PCR-RFLP) method. For each specimen, two separate PCR reactions were set up for 

amplification of CD40 and IL-8 genes using specific pair of primers. PCR reactions contained 1X PCR buffer, 2 

mM MgCl2, 0.2 mM dNTPs mix, 0.5 unit Taq DNA polymerase (all from CinnaGen, Iran), 0.5 µM specific 

primer set (Primm, Italy) and 500 ng extracted DNA. PCR thermal conditions was: an initial denaturation step 

for 5 min at 95°C followed by 30 cycles of a denaturation step for 60 sec. at 95°C, annealing for 60 sec. at 55°C, 

extension for 60 sec. at 72°C and a final extension for 5 min at 72°C. Then, PCR products were digested by 

specific restriction enzymes and evaluated by agarose (GE Halthcare, USA) gel electrophoresis and ethidium 

bromide staining. Sequences of primers, restriction enzymes and the size of digested and undigested PCR 

products are summarized in table 1. 

 
Table 1: Primers sequences, restriction enzymes and the size of digested and undigested PCR products 

Locus Primers Fragment sizes (bp) restriction 

enzymes 

CD40 
(rs1883832) 

Forward: GAAACTCCTGCGCGGTGAAT  
Reverse: CCTCTT CCCCGAAGTCTTCC  

CC:133+74+85 
CT= 133+74+85+207 

TT:207+85 

Sty1 

IL-18 
(rs1946519) 

Forward: AGGTCAGTCTTTGCTATCATTCCAGG  
Reverse: CTGCAACAGAAAGTAAGCTTGCGGAGAGG 

TT: 120 
GT: 120+96+24 

GG: 96+24 

Mwo I 

 

Statistical analysis: 

Allele and genotype frequencies were calculated in patients by direct gene counting. Statistical evaluation 

was carried out using the SPSS software version 16. The frequencies of the alleles/genotypes were compared in 

AR group and non-AR group by Chi-square test and Fisher’s exact test. Furthermore 95% confidence intervals 

(CIs) and odds ratios for relative risks were calculated. P-values less than 0.05 were considered as statistically 

significant. All P-values were two-tailed.  

 

Results: 

Among 240 recipients, 52.5% were male (aged from 8 to 65 years old) and 47.5% were female (aged from 

15 to 79 years old). The mean age of the non-AR patients and AR patients were ± 32.20 and ± 29.45, 

respectively. Male to female ratio (M/F) was 37/42 (0.88) in rejection group and 89/72 (1.23) in non-rejection 

group. In the present study, 14.16 % of recipients received the graft from living donors while 85.83 % of kidney 

recipients took their grafts from cadaveric donors. 55.89 % of patients received a graft from related donors while 

44.11 % obtained their grafts from unrelated donors.  

Allele and genotype frequencies for IL-18 (rs1946519) and CD40 (rs1883832) were determined in AR and 

non-AR groups. As shown in table 2, there were no significant association between IL-18 and CD40 gene 

polymorphisms and acute kidney allograft rejection when AR group compared to those of non-AR group. 
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Table 2: The frequencies of IL-18 and CD40 genotypes and alleles in patients with acute rejection and non-acute rejection 

Gene 
 

Genotype Rejection 
N (%) 

Non Rejection 
N (%) 

P. value OR CI% 

 
 
IL-18 

TT 24(30.37) 45(27.95) 0.69 1.2 0.60-2.11 

TG 52(65.82) 107(66.45) 0.92 0.97 0.53-1.79 

GG 3(3.79) 9(5.59) 0.54 0.67 0.14-2.79 

T allele 100(63.29) 197(61.18)  
0.65 

 
1.09 

 
0.72-1.65 G allele 58(36.70) 125(38.81) 

 
 
CD40 

TT 9(11.39) 18(11.18) 0.96 1.02 0.40-2.56 

TC 44(55.69) 91(56.52) 0.90 0.97 0.54-1.72 

CC 26(32.91) 52(32.29) 0.92 1.03 0.56-1.90 

T allele 62(39.24) 127(39.44)  
0.96 

 
0.99 

 
0.66-1.49 C allele 96(60.75) 195(60.55) 

 
After grouping the kidney recipients according to living and cadaver donors, there were no significant 

association between IL-18 and CD40 polymorphisms and acute kidney rejection (Table 3). Additionally, after 
categorization of kidney recipients according to their gender, we could not find any significant association 
between these polymorphisms and acute kidney rejection (Table 4).  

The frequencies of IL-18/CD40 combination genotypes are shown in table 5. No significant differences 
between rejected and non-rejected groups were identified in IL-18/CD40 combinations genotypes. 
 
Table 3: The frequencies of IL-18 and CD40 genotypes and alleles in patients with acute rejection and non-acute rejection after grouping 

the according to living or cadaver donors 

 
Gene 
 

 
Genotype 

Rejection (Cadaver)  
N (%) 

Non Rejection 
(Cadaver) 
N (%) 

Rejection  
(Living)  
N (%) 

Non Rejection 
(Living) 
N (%) 

P. Value 1 P. value 2 

 
 
 
 
IL-18 
 

TT 19(27.14) 39(28.67) 5(55.55) 6(24) 0.81 0.08 
TG 49(70) 90(66.17) 3(33.33) 17(68) 0.57 0.06 

GG 2(2.85) 7(5.14) 1(11.11) 2(8) 0.44 0.77 

T allele 87(62.14) 168(61.76) 13(72.22) 29(58)  
0.94 

 
0.28 G allele 53(37.85) 104(38.23) 5(27.77) 21(42) 

 
 
 
CD40 

TT 9(12.85) 15(11.02) 0 3(12) 0.69 0.27 

TC 39(55.71) 78(57.35) 5(55.55) 13(52) 0.82 0.58 

CC 22(31.42) 43(31.61) 4(44.44) 9(36) 0.97 0.65 

T allele 57(40.71) 108(39.70) 5(27.77) 19(38)  
0.84 

 
0.43 C allele 83(59.28 164(60.29) 13(72.22) 31(62) 

P1 value=Rejection VS. Non Rejection (Cadaver) 
P2 value=Rejection VS. Non Rejection (Living) 
 
Table 4: The frequencies of IL-18 and CD40 genotypes and alleles in patients with acute rejection and non-acute rejection after 

categorization of recipients according to their gender 

 
Gene 
 

 
Genotype 

Rejection 
Male 
N(%) 

Non Rejection 
Male 
N(%) 

Rejection 
Female 
N(%) 

Non Rejection 
Female 
N(%) 

P1 value P2 value 

 
 
 
 
IL-18 
 

TT 14 25 10 20 0.28 0.64 
TG 21 58 31 49 0.37 0.51 

GG 2 6 1 3 0.77 0.61 

T allele 49 108 51 89  
 
0.40 

 
 
0.87 

G allele 25 70 33 55 

 
 
 
CD40 

TT 3 8 6 10 0.73 0.95 

TC 19 50 25 41 0.61 0.78 

CC 15 31 11 21 0.54 0.73 

T allele 25 66 37 61  
 
0.61 

 
 
0.80 

C allele 49 112 47 83 

P. value 1=Rejection VS. Non Rejection (Male) 
P. value 2=Rejection VS. Non Rejection (Fmale) 
 
Table 5: The frequencies of IL-18/CD40 combination genotypes in patients with acute rejection and non-acute rejection 

Genotype Rejection 
N (%) 

Non Rejection 
N (%) 

P. value OR CI% 

TT/TT 2 4 0.98 1.02 0.13-6.65 

TT/TC 12 29 0.58 0.82 0.37-1.79 

TT/CC 10 13 0.25 1.65 0.63-4.26 

TG/TT 7 12 0.70 1.21 0.41-3.48 

TG/TC 32 61 0.69 1.12 0.62-2.01 

TG/CC 13 34 0.39 0.74 0.34-1.56 

GG/TT 0 2 0.48 0 0-35.65 

GG/TC 0 2 0.31 0 0-8.37 

GG/CC 3 5 0.77 1.23 0.23-6.11 
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Discussion and Conclusion: 

Cytokines and co-stimulatory molecules are important factors determining the outcome of transplantation. 

Since host ability in production of cytokines and co-stimulatory molecules may be affected by gene 

polymorphisms, the aim of the present study was to investigate the effect of IL-18 (rs1946519) and CD40 

(rs1883832) gene polymorphisms in outcome of kidney transplantation. Our results showed that there were no 

significant associations between IL-18 and CD40 polymorphisms and acute kidney allograft rejection. Also, 

after grouping the kidney recipients according to living and cadaver donors or according to their gender, there 

were no significant associations between these gene polymorphisms and acute rejection.  

According to our knowledge there is no published article on association of IL-18 (-656 G/T) SNP and 

outcome of kidney transplantation, and it is the first study in this regard. Then, it was impossible to compare our 

results with others’. But, there are several studies on relation between other IL-18 SNPs and outcome of kidney 

transplantation. For example, Mittal et al. investigated the association of interleukin-18 SNPs at positions 

607C/A and 137G/C with kidney allograft survival in India. They showed protective association between the 

inheritance of CC genotype and C allele at position 137 of IL-18 and allograft rejection [21]. In another study 

carried out by Kim et al., no significant differences in genotype and allele frequencies of (G137C) SNP were 

observed between the renal transplant recipients and the controls. However, the frequency of GG genotype at 

this position was significantly increased in patients with AR compare to non-AR. Additionally, they found that 

patients with GG genotype had significantly higher IL-18 serum levels compared to other genotypes [22]. 

Kolesar and colleagues evaluated the clinical significance of IL-18 gene SNPs at positions -607 A/C and -137 

C/G in patients after kidney transplantation. They showed that the C allele at positions -607, which contributes 

to higher IL-18 expression, is more frequent in patients with delayed onset of kidney allograft function [23]. 

Recently, genome-wide association surveys have identified the association of the SNPs in CD40 locus with 

several autoimmune diseases including Graves’ disease, multiple sclerosis, and rheumatoid arthritis [24,28]. 

Previous studies have revealed that individuals with the TT genotype (rs1883832) of CD40 gene have lower 

soluble CD40 levels and reduced levels of surfaces CD40 on the B cells and activated dendritic cells [25]. 

Because the interaction between CD40 and CD40L plays important role in all reactive response, in this study we 

predicted that the inheritance of TT genotype (rs1883832) which is related to the lower CD40 production be 

more frequent in non-AR compare to AR group. But, our data did not show it. We could not find any study on 

CD40 gene polymorphisms and outcome of kidney transplantation. So, it was impossible to compare our results 

with others’.  

Conclusively, our result indicated that there is no relation between the inheritance of different alleles and 

genotypes of IL-18 (rs1946519) and CD40 (rs1883832), and outcome of allograft kidney transplantation. It is 

worthwhile to point out that there are some limitations in the present study. The sample of the patients was 

relatively small and only Iranian cohorts were included. Therefore, our study is relatively under-powered to 

examine the association of these SNPs and kidney transplant rejection. Moreover, it seems that much more 

studies are needed to clarify the association of other SNPs of CD40 and IL-18 with allograft renal rejection. 
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