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Introduction
Aplastic anemia (AA) is a rare bone marrow failure syndrome 

characterized by hypocellularity of bone marrow and peripheral blood 
cytopenias [1]. Patients with AA frequently manifest with symptoms 
of purpura or hemorrhage, anemia and less often infection, leading to 
medical outcomes [2,3]. Most cases of AA are acquired and idiopathic [4]. 
Furthermore, in most cases, no agitating factor is known [1,4,5]. However, 
the principal etiology is thought to be immune-mediated damage of 
progenitor cells and hematopoietic stem cells [6,7]. Epidemiologic 
studies also suggest an influence of environmental exposures and genetic 
factors on AA pathogenesis [8]. The recent genome-wide transcriptional 
analysis of peripheral blood T cells from AA patients described various 
dysregulated genes in CD4 and CD8 T cells of the patients with AA [9]. 
In accordance with these findings, impaired functions of T cells has been 
reported in patients with aplastic anemia [10]. 

Interferon (IFN)-γ is one of the essential cytokines secreted by 
activated T cells and has immunomodulatory, antiviral and anti-
proliferative activities [11,12]. The involvement of IFN-γ in the 
immunopathogenesis of AA has been well addressed and upregulation 
of IFN-γ in the bone marrow and peripheral blood of patients with 
AA is predominant [13,14]. The IFN-γ gene is located on chromosome 
12q14.1, spanning approximately six kb and is considered as a 
conserved region with limited genetic polymorphisms [15]. Various 
single nucleotide polymorphisms (SNP) in the non-coding region 
of INF-γ has been reported in different diseases [16]. T to A single 
nucleotide polymorphism (SNP), which is located at position +874 of 
the first intron of the IFN-γ gene (IFN-γ +874), can obviously affect the 
expression of the IFN-γ gene [17].

The SNP +874 A>T of IFN-γ has been evaluated in several association 
studies with aplastic anemia and bone marrow hypocellularity [18,19]. But, 
the results were inconsistent and inconclusive, probably due to different 
study populations and limited sample sizes. Thus, we performed this meta-
analysis on all eligible case-control studies to further elucidate the effect of 
IFN-γ +874 A/T polymorphisms on the risk of AA. 

Materials and Methods
database inception to last updated on January 7, 2017. The following 
keywords were applied for search: (interferon OR IFN OR interferon-
gamma OR interferon-g OR IFN-g OR interferon-γ OR IFN-γ) AND 

*Corresponding author: Shahab Alizadeh, Department of Cellular and Molecular 
Nutrition, School of Nutritional Sciences and Dietetics, Tehran University of Medical 
Sciences (TUMS), Tehran, Iran, Tel: +98-9197604090; Fax: +98-21-889 559 79; 
E-mail: sh_alizadeh@razi.tums.ac.ir 
Received April 07, 2017; Accepted May 23, 2017; Published June 09, 2017

Citation: Razi B, Alizadeh S
evaluate the strength of association in the dominant model, recessive model, allelic model, homozygotes contrast, 
and heterozygotes contrast.

Results: A total of 4 case-control studies, including 210 cases and 537 healthy controls were elegble for 
this metta-analysis. Combined analysis of these studies showed no significant association between the IFN-γ 
polymorphism +874(T/A) and aplastic anemia risk in the overall population (dominant model: OR=1.52, 95% 
CI=0.57-2.46; recessive model: OR=1.27, 95% CI=0.47-2.08; allelic model: OR=0.98, 95% CI=0.63-1.34; TT vs. 
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heterogeneity tests in different analysis models are presented in Table 
3. There was no significant heterogeneity among the studies in the 
dominant model (I2=0.0, P=0.45), recessive model (I2=0.0, P=0.92) 
allelic model (I2=0.35, P=0.20), TT vs. AA (I2=0.0, P=0.98) and AT vs. 
AA (I2=0.0, P=0.63).

Evolution of publication bias and sensitivity analysis

 The sensitivity of this meta-analysis was assessed by removing non-
HWE studies. However, the results remained unaltered, indicating the 
reliability of the results. Publication bias was calculated by using Egger’s 
and Begg’s tests (Table 3). For the IFN-γ 874 A/T polymorphism, 
Egger’s test showed no evidence of publication bias for the dominant 
model (t=1.39, p=0.29), recessive model (t=-1.50, p=0.37), allelic model 
(t=2.22, p=0.15), TT vs. AA (t=-0.11, p=0.98) and AT vs. AA (t=1.26, 
p=0.33).

Discussion
The pathogenesis of aplastic anemia includes a change in the 

hematopoietic microenvironment, destruction and reduction of the 
hematopoietic stem cells, and altered cellular immunity, which finally 
culminate to bone marrow failure [28,29]. The immune mechanisms 
involved in AA consist of cell-mediated killing and cytokines secretion 
by Th1, which have an inhibitory activity on the hematopoietic 
progenitors, such as IFN-γ and TNF-α [30,31]. Moreover, it is 
known that many immunogenic factors may play a critical role in 
the increase and the decrease of predisposition to immune responses. 
Functional polymorphisms of cytokines are an interested group of 
immunogenic factors for the understanding of diseases risk [32-34]. 
These polymorphisms have been reported to be associated with specific 
clinical manifestations or susceptibility to some diseases [35]. Recently, 
several studies have focused on the association between the IFN-γ +874 

(T/A) polymorphism and aplastic anemia, although the results of these 
studies were controversial. Therefore, this meta-analysis was performed 
to reveal the possible effect of the IFN-γ +874(T/A) polymorphism on 
susceptibility to AA.

To the best of the author’s knowledge, this meta-analysis is the first 
quantitative assessment of the association between IFN-γ +874T/A 
polymorphism and risk of aplastic anemia. The results suggested that 
there was no significant association between the IFN-γ +874 (T/A) 
polymorphism and genetic susceptibility to aplastic anemia. Although 
the present meta-analysis did not find associations of IFN-γ +874 (T/A) 
polymorphism and the risk of AA, but results should be interpreted 
with cautions. For evaluation of the investigated polymorphism, there 
were limited published studies. Due to the relatively small sample size, 
the results are unable to come to a confirmed conclusion. Therefore, 
to conclude a reliable result, further studies are needed to assess the 
association between IFN-γ +874 (T/A) polymorphism and the risk of 
AA in different ethnicities.

The results of this meta-analysis are in agreement with some cross-
sectional studies that have examined the risk of AA according to IFN-γ 
+874 (T/A) polymorphism. In the study that was carried out by Bestach 
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