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Abstract: The association between gene polymorphisms of tumor necrosis factor-alpha (TNF-α) and risk of acute 
rejection (AR) of solid organ allograft was investigated in many published studies; however, the currently available 
results are inconclusive. Therefore, we performed a meta-analysis to provide a precise evidence for an associa-
tion between the TNF-α polymorphism and risk of AR. A comprehensive electronic search of PUBMED, EMBASE, 
scholar of google, and Korean databases was performed until June 1, 2015. Meta-analysis was performed using 
the comprehensive meta-analysis software (Corporation, NJ, USA). The pooled p value, OR and 95% CI were used to 
measure the strength of the association with TNF-α. Forty five eligible studies were included in this meta-analysis. 
Our study revealed that combined genotype (A/A genotype +A/G genotype) was contributed to susceptibility of AR 
in solid organ recipients (OR = 1.424, 95% CI = 1.118-1.813, P = 0.004). Moreover, the Egger’s test showed quan-
titative evidence for absence of publication bias (P = 0.149). This meta-analysis indicated the TNF-α polymorphism 
(-308, G/A) might be genetic risk factors for acute rejection. However, more studies with larger sample size were 
needed to provide more precise evidence.
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Introduction

Despite the use of potent immunosuppressive 
agents, acute allograft rejection remains a 
problem after solid organ transplantation. 
Acute rejection (AR) is the major predictor of 
the occurrence of chronic allograft rejection 
and long-term graft survival. Recently, there are 
increasing interests in the role of cytokines in 
the suscetibility of AR. Cytokines play an impor-
tant role in the immunologic events after trans-
plantation and they have an important bearing 
on graft rejection. 

Tumor necrosis factor-alpha (TNF-α) is chiefly 
produced by activated macrophages and is a 
cell signaling protein involved in systemic 
inflammation [1]. TNF-α is one of the key 
enzymes in regulation of immunity. Also, it is 
closely associated with the pathogenesis of 
acute and chronic allograft rejection [2]. Many 

researchers have demonstrated an increased 
concentration of TNF-α in the plasma of recipi-
ents during AR of solid organ allografts [3-5]. It 
suggested that TNF-α may play a significant 
role in the development and progression of AR.

The TNF-α gene is localized in the HLA Class III 
region of the major histocompatibility complex 
(MHC) on chromosome 6p21.3 [6]. A G-to-A 
polymorphism at position -308 in the promoter 
region of the TNF-α gene increases transcrip-
tional activity and elevates TNF-α production in 
vitro [7, 8]. The polymorphism (-308, G/A) of 
TNF-α has been reported to be associated with 
an increased risk of AR.

Up to now, several studies were to evaluate  
the association between TNF-α polymorphism 
(-308, G/A) and risk of acute allograft rejection 
in diverse populations. However, the results 
from the published studies remain conflicting 
rather than conclusive. 
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Therefore, we performed a meta-analysis on all 
eligible case-control studies to clarify the asso-
ciation between the TNF-α polymorphism 
(-308, G/A) and AR of solid organ allograft.

Materials and methods

Search strategy

In order to identify all eligible studies that were 
investigated the association between TNF-α 
polymorphism (-308, G/A) and susceptibility of 
AR in solid organ transplantation, a compre-
hensive electronic search including PUBMED, 
EMBASE, scholar of google, and Korean data-
bases was performed until June 1, 2015. The 
keywords to find these studies were using fol-
lowing search terms: “tumor necrosis factor”, 
“TNF-alpha“, or “TNF-A”, AND “polymorphism”, 
“polymorphisms”, or “variant” AND “rs1800- 
629”, or “-308” AND “acute rejection”, “AR”, or 
“meta analysis”. The previous meta-analysis 
studies about TNF-α (-308, G/A AR were consid-
ered as reference. Additional studies were iden-
tified by a hand search of the references of 
original studies.

Inclusion criteria

Studies were included if they met the following 
criteria: (1) evaluation the association between 
the TNF-α polymorphism (-308, G/A) and AR; (2) 
study was designed using the methodology of a 
case-control study; (3) contained sufficient dis-
tribution of TNF-α polymorphism (-308, G/A) in 

the AR group and the non-AR group for the esti-
mation of an odds ratio (OR), 95% confidence 
interval (CI), and p value.

Data extraction

The investigators extracted data and reached 
consensus on all of the items. If the investiga-
tors generated different results, they would 
check the data again and had a discussion to 
come to an agreement. Data extracted from 
the selected articles including the first author’s 
name, year of publication, population of sub-
ject, number of cases and controls, and geno-
type frequency of TNF-α polymorphism (-308, 
G/A). 

Statistical analysis

Meta-analysis was performed using the com-
prehensive meta-analysis software (Biostat, 
Englewood, NJ, USA). The pooled p value, OR 
and 95% CI were used to evaluate association 
between risk of AR and TNF-α polymorphism 
(-308, G/A). We firstly calculated the heteroge-
neity within studies. The heterogeneity test was 
used for the null hypothesis that all studies 
evaluated the same effect. The chi-square-
based Q test and I2 test were applied. When p 
value of the Q test was less than 0.05 or I2 sta-
tistic was >50%, heterogeneity was considered 
within studies. If there was significant hetero- 
geneity, the random-effects Mantel-Haenszel 
method was adopted to evaluate the point esti-
mates and 95% CI. Otherwise, the fixed-effects 
Mantel-Haenszel method was adopted. 

Figure 1. Flow chart illustrating 
the search strategy used for this 
meta-analysis to identify studies 
that examined the association be-
tween TNF-α polymorphism (-308, 
G/A) and risk of AR.
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Table 1. Information of eligible studies included in the meta-analysis

Author (year) Population Transplant 
organ

AR/ 
non-AR

AR Non-AR
A/A A/G G/G A/A A/G G/G

Bathgate et al. 2000 [9] UK Liver 68/76 15 25 28 4 30 42
Tambur et al. 2001 [10] Israel Liver 33/30 3 (A/A+A/G) 30 4 (A/A+A/G) 26
Jonsson et al. 2001 [11] Australia Liver 37/83 0 14 23 0 34 49
Cui et al. 2001 [12] Australia Liver 31/90 12 (A/A+A/G) 19 37 (A/A+A/G) 53
Warlé et al. 2002 [13] Netherlands Liver 41/48 1 16 24 2 20 26
Fernandes et al. 2002 [14] USA Liver 13/40 1 7 5 0 5 35
Jazrawi et al. 2003 [15] USA Liver 42/168 2 9 31 8 49 111
Mas et al. 2004 [16] USA Liver 19/55 9 (A/A+A/G) 10 11 (A/A+A/G) 44
Karasu et al. 2004 [17] Turkey Liver 26/17 8 0 18 0 0 17
Xie et al. 2008 [18] China Liver 41/145 0 6 35 0 15 130
Sankaran et al. 1999 [19] UK Renal 74/21 0 12 9 0 24 50
Pelletier et al. 2000 [20] Mixed Renal 33/68 12 (A/A+A/G) 21 21 (A/A+A/G) 47
Poli et al. 2000 [21] Italy Renal 92/77 31 (A/A+A/G) 61 17 (A/A+A/G) 60
Marshall et al. 2000 [22] UK Renal 114/95 7 34 73 7 30 58
Reviron et al. 2001 [23] France Renal 20/23 5 (A/A+A/G) 15 1 (A/A+A/G) 22
Cartwright et al. 2001 [24] UK Renal 25/24 4 6 15 2 8 14
Hahn et al. 2001 [25] Mixed Renal 32/88 14 (A/A+A/G) 18 22 (A/A+A/G) 66
Tian et al. 2001 [26] China Renal 19/72 3 (A/A+A/G) 16 6 (A/A+A/G) 66
Tian et al. 2002 [27] China Renal 26/89 7 (A/A+A/G) 19 6 (A/A+A/G) 83
Hutchings et al. 2002 [28] UK Renal 41/62 1 18 22 1 20 41
LV et al. 2002 [29] China Renal 39/87 18 (A/A+A/G) 21 11 (A/A+A/G) 76
McDaniel et al. 2003 [30] Mixed Renal 13/41 1 2 10 0 11 30
Yang et al. 2003 [31] China Renal 13/22 5 (A/A+A/G) 8 5 (A/A+A/G) 17
Wramner et al. 2004 [32] Sweden Renal 78/79 21 (A/A+A/G) 57 21 (A/A+A/G) 58
Park et al. 2004 [33] Korea Renal 151/13 0 5 8 14 137
Huang et al. 2004 [34] China Renal 33/69 17 (A/A+A/G) 16 15 (A/A+A/G) 54
Lee et al. 2004 [35] USA Renal 140/137 5 50 85 6 48 83
Ligeiro et al. 2004 [36] Portugal Renal 31/35 2 (A/A+A/G) 29 9 (A/A+A/G) 26
Pawlik et al. 2005 [37] Poland Renal 57/72 2 23 32 1 16 55
Guo et al. 2005 [38] China Renal 39/90 0 6 33 0 30 60
Dmitrienko et al. 2005 [39] UK Renal 50/50 3 11 36 6 8 36
Tajik et al. 2006 [40] China Renal 11/31 3 (A/A+A/G) 8 7 (A/A+A/G) 24
Gendzekhadze et al. 2006 [41] Mixed Renal 30/33 1 2 27 3 6 24
Canossi et al. 2007 [42] Italy Renal 25/61 0 3 22 1 8 52
Brabcova et al. 2007 [43] Czech Renal 190/246 2 50 138 3 62 181
Breulmann et al. 2007 [44] Germany Renal 115/109 34 (A/A+A/G) 81 40 (A/A+A/G) 69
Manchanda et al. 2008 [45] India Renal 18/82 7 9 2 25 26 31
Grinyo et al. 2008 [46] Mix Renal 62/160 20 (A/A+A/G) 42 32 (A/A+A/G) 128
Mendoza et al. 2008 [47] Mexico Renal 19/32 4 (A/A+A/G) 15 1 (A/A+A/G) 31
Azarpira et al. 2009 [48] Iran Renal 46/54 45 (A/A+A/G) 1 51 (A/A+A/G) 3
Dhaouadi et al. 2013 [49] Tunisia Renal 80/151 28 (A/A+A/G) 52 54 (A/A+A/G) 97
Mandegary et al. 2013 [50] Iran Renal 79/25 2 (A/A+A/G) 77 15 (A/A+A/G) 10
El-Gezawy et al. 2013 [51] Egypt Renal 37/47 15 0 22 9 0 38
Huijun et al. 2013 [52] China Lung 15/76 0 6 9 0 17 59
Mu et al. 2014 [53] China Lung 20/54 0 3 17 0 7 47
AR: acute rejection; non-AR: non acute rejection. 
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For meta-analysis of TNF-α polymorphism 
(-308, G/A), the pooled ORs, 95% CI, and p 
value were calculated using combination of 
genotype. We first estimated the risk of the A/A 
genotype and A/G genotype for AR compared 
with the G/G genotype as dominant model, 
respectively, and then evaluated the risk of “A 
allele vs. G allele”, “A/A genotype +A/G geno-
type vs. G/G genotype”, and “A/A genotype vs. 
A/G genotype +G/G genotype” on risk of AR, 
assuming dominant and recessive effects of 
the variant A allele, respectively. The P<0.05 
was regarded as statistically significant ass- 
ociation. Publication bias was evaluated us- 
ing Begg’s funnel plot and Egger’s linear 
regression.

[19-51], and 2 articles with AR of lung trans-
plantation [52, 53].

Quantitative synthesis

Among 45 articles, 22 articles were only includ-
ing distribution of G/G genotype and distribu-
tion of combined A/G genotype +A/A genotype. 
23 articles presented each distribution of A/A 
genotype, A/G genotype, and G/G genotype. 
Firstly, we analyzed whether combined geno-
type (A/A genotype +A/G genotype) of TNF-α 
polymorphism (-308, G/A) was associated with 
susceptibility of AR. There was significant het-
erogeneity among 45 studies [9-53]. The p 
value of Q test and value of I2 statistic were 
P<0.001 and 64.951 (data not shown). Thus, 

Figure 2. Overall analysis between TNF-α polymorphism (-308, G/A) between 
AR and non-AR in all solid organ allograft. 

Results

Study characteristics

In order to evaluation bet- 
ween TNF-α polymorphism 
(-308, G/A) and susceptibility 
of AR, related studies were 
retrieved based on the search 
strategy. Figure 1 shows flow 
chart illustrating the search 
strategy used for this meta-
analysis to identify studies 
that examined the associa-
tion between TNF-α polymor-
phism (-308, G/A) and risk of 
AR. Firstly, we searched the 
meta-analysis studies about 
TNF-α polymorphism (-308, 
G/A) and risk of AR. There 
were 3 meta-analysis arti-
cles. We checked the 49 arti-
cles included in previous 
meta-analysis. Then recent 
studies about TNF-α polymor-
phism (-308, G/A) and AR 
were searched since 2005 
and we added the recent 5 
studies in present meta-anal-
ysis. Finally, eligible 45 arti-
cles were selected [9-53]. 
The characteristics of eligible 
45 studies were summarized 
in Table 1. There were 10 arti-
cles with AR of liver transplan-
tation [9-18], 33 articles with 
AR of renal transplantation 
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the random-effects method was applied. Figure 
2 showed overall analysis between TNF-α poly-
morphism (-308, G/A) between AR and non-AR 

organ recipients (A allele vs. G allele, random 
model, OR = 1.379, 95% CI = 1.082-1.759, P = 
0.009; A/A+A/G genotypes vs. G/G genotype, 

Table 2. Overall analysis between TNF-α polymorphism (-308, G/A) and susceptibility of AR

Organ Comparison
Heterogeneity Association test
P I2 Model OR (95% CI) P

All A vs. G <0.001 57.387 Random 1.379 (1.082-1.759) 0.009
    Liver 0.002 71.975 Random 1.582 (0.874-2.864) 0.13
    Renal 0.006 55.353 Random 1.322 (0.996-1.753) 0.05
    Lung 0.551 <0.001 Fixed 1.651 (0.721-3.782) 0.24
All AA+AG vs. GG 0.003 50.397 Random 1.413 (1.077-1.854) 0.013
    Liver 0.010 64.159 Random 1.494 (0.807-2.767) 0.20
    Renal 0.014 51.116 Random 1.390 (0.998-1.938) 0.05
    Lung 0.483 <0.001 Fixed 1.784 (0.717-4.437) 0.21
All AA vs. AG+GG 0.271 15.611 Fixed 1.516 (1.032-2.227) 0.034
    Liver 0.187 35.161 Fixed 2.975 (1.322-6.693) 0.008
    Renal 0.588 <0.001 Fixed 1.247 (0.805-1.930) 0.32
    Lung NA NA NA NA NA
AR: acute rejection; OR, odds ratio; CI, confidence interval.

Figure 3. Overall analysis between TNF-α polymorphism (-308, G/A) between 
AR and non-AR in renal allograft.

in eligible 45 studies. The 
result indicated that com-
bined genotype (A/A genotype 
+A/G genotype) was contrib-
uted to susceptibility of AR in 
solid organ recipients (OR = 
1.424, 95% CI = 1.118-1.813, 
P = 0.004, data not shown). 
To assess the publication 
bias, Begg’s funnel plot was 
carried out and Egger’s test 
was calculated. The funnel pl- 
ot seemed symmetrical (data 
not shown). It is suggested 
that there were absence of 
publication bias. Additionally, 
the Egger’s test showed qu- 
antitative evidence for abs- 
ence of publication bias (P = 
0.149).

Table 2 presents results of 
subgroup analysis by geno-
type and allele of TNF-α poly-
morphism (-308, G/A), and 
transplantation organ in 23 
studies [9, 11, 13-15, 17-19, 
22, 24, 28, 30, 33, 35, 37-39, 
41-43, 45, 51-53]. We found 
that the A allele and geno-
types included A allele were 
significantly associated with 
susceptibility of AR in solid 
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random model, OR = 1.413, 95% CI = 1.077-
1.854, P = 0.013; A/A genotype vs. A/G+G/G 
genotypes, fixed model, OR = 1.516, 95% CI = 
1.032-2.227, P = 0.034, respectively). Acco- 
rding to transplantation organ, A/A genotype 
was associated with risk of AR in liver trans-
plantation recipients (fixed model, OR = 2.975, 
95% CI = 1.322-6.693, P = 0.008).

In previous meta-anslysis, Hu et al. 2011 inves-
tigated meta-analysis between TNF-α polymor-
phism (-308, G/A) and AR of renal allograft [54]. 
However, there was error in the study. Incorrect 
data about distribution of TNF-A polymorphism 
(-308, G/A) were included in meta-analysis. So, 
we analyzed relationship between polymor-
phism (-308, G/A) and AR of renal allograft. 
Figure 3 shows overall analysis between TNF-α 
polymorphism (-308, G/A) between AR and 
non-AR in renal allograft. There was significant 
heterogeneity among 33 studies [19-51]. The p 
value of Q test and value of I2 statistic were 
P<0.001 and 68.986 (data not shown). Thus, 
the random-effects method was applied. The 
result indicated that combined genotype (A/A 
genotype +A/G genotype) was contributed to 
susceptibility of AR in renal allograft (OR = 
1.406, 95% CI = 1.050-1.882, P = 0.022, data 
not shown). To assess the publication bias, 
Begg’s funnel plot was carried out and Egger’s 
test was calculated. The funnel plot seemed 
symmetrical (data not shown). It is suggested 
that there were absence of publication bias. 
Additionally, the Egger’s test showed quantita-
tive evidence for absence of publication bias (P 
= 0.381).

Discussion

Acute allograft rejection has been regarded as 
a result of multiple immunological interactions 
between various cytokines. It is so important to 
identify the genetic role of cytokines that influ-
ence the incidence of AR in solid organ trans-
plantation. Especially, the inter-individual differ-
ences of cytokine activity according to genetic 
polymorphism can influence on the various 
immune reaction in organ transplantation [7, 8, 
55-58]. Many studies investigate the role of 
cytokine gene polymorphisms in solid organ 
allograft survival including acute and chronic 
rejection.

TNF-α encodes a multifunctional pro-inflamma-
tory cytokine that belongs to the TNF superfam-

ily [59] and -308 promoter polymorphism of 
TNF-α has been found. Kroeger et al. demon-
strated that TNF-α polymorphism (-308, G/A) 
may play a role in the altered TNF-α gene 
expression observed in individuals with the 
major histocompatibility complex haplotype 
[60]. The correlations between TNF-α polymor-
phism (-308, G/A) and the risk of acute allo- 
graft rejection have been investigated in a 
broad range of studies with either a relatively 
small or larger sample of the different popula-
tions. However, because of the difference in the 
number of participants and genetic back-
ground, the evidence provided by each study is 
not sufficient enough to draw a convincing con-
clusion. A meta-analysis about renal allograft 
outcome reported that recipient TNF-α poly-
morphism (-308, G/A) was associated with  
incidence of AR of renal allograft. Also, it was 
associated with increased risk of recurrence of 
acute rejection [54]. However, another meta-
analysis about liver allograft outcome demon-
strated that this polymorphism may be not 
associated with acute rejection in liver trans-
plant recipients among Caucasians [61]. 
Therefore, we conducted a meta-analysis 
including 45 case-control studies to evaluate 
the association between TNF-α polymorphism 
(-308, G/A) and the development of acute 
allograft rejection.

In our study, there was a significant correlation 
between TNF-α polymorphism (-308, G/A) and 
risk of acute allograft rejection under any 
genetic model in the total population. Some 
limitations remain in this meta-analysis and  
the results should be explained with caution. 
First, meta-analysis is a type of secondary and 
retrospective study, it is limited by the quality of 
primary studies, and our meta-analysis was  
so, too. Second, we could not perform the anal-
ysis of gene-gene and gene-environment inter- 
actions. 

In conclusion, the present study investigated 
the relationship between TNF-α polymorphism 
(-308, G/A) and the susceptibility of acute 
allograft rejection. This study suggests that 
TNF-α polymorphism (-308, G/A) may play a 
major role in the pathogenesis of acute allograft 
rejection. Further lager studies considering 
gene-gene and gene-environment interactions 
are required to provide more precise evidence 
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of the association TNF-α polymorphism and the 
risk of acute allograft rejection.
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