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Abstract

Objectives: Graft-versus-host disease (GvHD) is a complex
clinical syndromewith organ dysfunction as a consequence
of a severe immunological reaction mediated by mainly
T cells after hematopoietic stem cell transplantation. Our
aim is to evaluate the association ofHLA-DRB1 alleles, IFN-γ
and TGF-β gene variations, with childhood ALL (c-ALL)
patients and with GvHD after transplantation.
Methods: This study included 30 high-risk c-ALL patients
and 100 controls. HLA-DRB1 alleles were studied by the
NGS method, and TGF-β and IFN-γ variations were studied
by the PCR-RFLP method.
Results: The rates of HLA-DRB1*15 alleles and IFN-gamma
CC genotype were significantly higher in c-ALL patients
(p=0.004, p=0.036 respectively). Association of the
HLA-DRB1*15 alleles with the TGF-β TC genotype was
found with a higher rate in the patient group (p=0.031).

Association of the DRB1*04 allele with the IFN-γ CC ge-
notype was found with a higher rate in the patient group
(p=0.028). Acute GvHD developed in eight of 19 patients

who underwent transplantation. IFN-γ CT was found to

have a protective role in occurrence of aGvHD (p=0.044).

Association of the DRB1*15 allele with IFN-γ TT was found

with a higher rate in a GvHD (p=0.050).
Conclusions: It is thought that polymorphism of
HLA-DR15 and IFN-γCCmay contribute to the development
of c-ALL, while IFN-γ CT might be protective for aGvHD.

Keywords: acute lymphoblastic leukemia; aGvHD; cyto-
kine; genetic polymorphism; HLA.

Introduction

Graft-versus-host disease (GvHD) is a clinical condition that
occurs as a consequence of the immunologic mismatch for
minor antigens, and for other unknown antigens in patients
who are matched for Human Leukocyte Antigen (HLA) anti-
gens to the immunocompetent lymphohematopoietic cells
received from a healthy donor. GvHD occurs during the
response of the donor’s T cells to the genetically described
proteins on the host cells [1]. HLA genes in the Major Histo-
compatibility Complex (MHC) gene complexes have a sig-
nificant effect on the cause of GvHDafter stemcell transplant.
In addition to the HLA genes, other causative factors for
GvHD include age, sex difference, and pregnancy. The prev-
alence of acute GvHD has been reported to range between 30
and 50% in fully HLA matched allogeneic hematopoietic
stem cell transplant (AHSCT) series [2–5].

The prevalence of acute GvHD is directly associated
with HLA mismatch. Therefore, HLA A, B, C, and DR must
be matched in patients and in related donors. In addition,
some γ pathways other than direct T cell-mediated cyto-
toxicity have been shown to be important in the patho-
genesis of GvHD. Higher tumor necrosis factor (TNF-α), and
lower interleukin-10 (IL-10) levels in pretransplant patients
have been shown to cause GvHD [1, 6].
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Acute GvHD is characterized by extreme inflammatory
response during the production of various proinflammatory
cytokines. Production of various inflammatory cytokines
contributes to cytokine storm exacerbating GvHD and also
causing a higher level of proinflammatory cytokine pro-
duction by T lymphocytes, maintaining the disease period,
and enhancing the ability to attack the host tissue [7]. HLA
class II proteins (HLA-DR, HLA-DP, and HLA-DQ) play a key
role in the regulation of immune reactions. HLA class II
molecules are expressed by B cells, macrophages, and
dendritic cells, all of which have the antigen-presenting
ability. The expression level of human leukocyte antigen
(HLA) class II antigens is regulated by interferon-gamma
(IFN-gamma) depending on the status of class II trans-
activator protein (CIITA) which is a coactivator of MCH class
II. Interferon-gamma (IFN-γ) is an innate proinflammatory
pleiotropic cytokine that has a key role in encouraging
adaptive host defense mechanisms [1, 2]. Interferon-gamma
(IFN-γ) released by T cells and natural killer (NK) cells is
important in the conduction of T helper cell type 1 (Th1)
responses [8].

Transforming growth factor-β (TGF-β) is a pleiotropic
cytokine that regulates cell growth,differentiation, apoptosis,
migration, cell adhesion, and immune response. TGF-β
activates Smad signaling via its two cell surface receptors,
TbetaRII and ALK5/TbetaRI, in the classical TGF-beta
signaling pathway. Disruption of the TGF-β pathway has
been implicated in many human diseases, including solid
and hematopoietic tumors. In children with T-cell acute
lymphoblastic leukemia (ALL), SMAD3 protein is absent or
significantly reduced, but SMAD3mRNA isdetectedat similar
levels in T-cell ALL and normal T cells. The SMAD3 level is
decisive in terms of T-cell response to TGF-β. It was proven
that the loss of Smad3 and p27KIP1, which is also frequently
altered inhumanT-cellALL, promotedT-cell leukemogenesis
in mice [9, 10]. It was demonstrated that TGF-β down-
regulated IFN-gamma-induced CIITA and HLA-DR expres-
sion in cultured human glomerular endothelial cells (HGECs)
and it is thought that there is an antagonism between IFN-γ
and TGF-β1 [11].

Although the role of Th1 and Th2 in the pathogenesis of
GvHD is yet controversial, classically, Th1 cells are sug-
gested to mediate the acute form of GvHD. Allthough this
paradigm is controversial, acute GvHD may be stimulated
by Th2 cells, and by T cells with a deficiency of Signal
transducer and activator of transcription-4 (STAT-4) or
(IFN-γ). These data suggested that not only was IFN-γ not
critical for the generation of acute GvHD, but that its
absence also exacerbated GvHD lethality [12].

We aimed to investigate the contribution of HLA-DRB1
alleles, IFN-γ and TGF-β gene variations in patients with
childhood ALL (c-ALL), and the development of GvHD after
AHSCT in our study.

Materials and methods

Thirty (19 Males/11 Females) high-risk c-ALL patients, and 100 Con-
trols (36 Males/64 Females) who were consecutively admitted to the
Pediatric Hematology Unit of Yeni Yüzyıl University, Medical Faculty
Gaziosmanpaşa Hospital were included in the study. The mean age of
the patients was 9.77 ± 5.20 years and the interval was 2–17 years. The
mean age of the control group was 35.29 ± 8.4 years, and the interval
was 20–35 years. The control group was from the same geographic
region. Demographic information of the patients and controls is given
in Supplementary Table 1. The HLA-DRB1 alleles for the patients and
controls were studied by using the Next Generation Sequencing (NGS)
technology Illumina Miseq Sequencing system.

Next Generation Sequencing (NGS) technology Illumina
Miseq sequencing system

To generate targeted sequencing data, all samples of total DNA were
extracted from white blood cells using the Blood DNA Extraction kit
(Qiagen). Contiguous full-length PCR amplifications of six HLA loci
were carried out for the patients (30) and controls (100). Samples were
prepared using the GenDX Library Prep kit for NGS for up to seven loci
(full length HLA-A, B, C and DQB1, intron one to intron four of DRB1,
and intron 1–3’ UTR of DPB1) and were sequenced in both an indi-
vidual and pooled amplicon approach using 2 × 251 bp reads on the
Illumina MiSeq. Analysis programs were used to genotype the NGS
data, NGSengine by GenDX [13].

IFN-γ rs2069705 (−1616/C/T) and TGF-β1 [T869C (Leu10Pro)]
polymorphisms; The products were digested with the restriction
enzyme PvuII for IFN-γ. The PCR product was digested overnight at
37 °C in a water bath with a restriction enzyme. IFN-γ (−1616/C/T)
homozygous T/T alleles give three bands (193, 110, and 19 bp) on gel.
Subjects bearing the IFN-γ homozygous C/C alleles also give three
bands (174, 110, and 19 bp). However, the same analysis performed on
subjects bearing the IFN-γ heterozygous T/C alleles gives four bands
(193, 174, 110, and 19 bp) [14].

Theproductswere digestedwith the restriction enzymeMspA1 for
TGF-β1. MspA1 digestion was performed at 37 °C for overnight incu-
bation for TGF-β1. After enzymedigestion, productswere visualized by
electrophoresis on 3% agarose gel. TheMspA1 restriction site on the T
allele yields fragments 161, 67, 40, and 26 bp; the C allele yields
fragments 149, 67, 40, 26, and 12 bp [14].

For PCR-RFLP TGF-β (T869C (Leu10Pro) C/T codon 10);
5’-TTC AAG ACC ACC CAC CTT CT-3’
5’-TCG CGG GTG CTG TTGTAC A-3’ primers, and MspA1 enzyme

were used.
For IFN-γ rs2069705 (−1616/C/T);
5’-TAGCACTTTATGAGGATTAC-3’
5’-AGGTAAT CCTCATAAAGTGC-3’ primers, and Pvu II enzyme

were used.
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Following genotyping process, five samples were selected randomly
and sequenced for verification.

Statistical method

Statistical Package for the Social Sciences (SPSS) 21.0 software was
used for the statistical analysis of the data. Descriptive analyses, and
descriptive statistical methods were applied for the data. The com-
parison of categorical variables was identified with frequency, and
ratios and the results were represented as percentages. The chi-square
test or Fisher’s exact test was used to detect the differences between
grouped data. The Bonferroni correlationwas used for the posthoc test
in pairwise comparisons to determine which groups showed statisti-
cally significant differences. The Hardy-Weinberg Equilibrium (HWE)
analysis was performed for IFN-gamma and TGF-β genotype distri-
butions in the patients and healthy controls. p-Values of <0.05 were
considered statistically significant.

Results

The CC genotype in IFN-γ C/T polymorphism (has high
expression) in the patient group (73.3%) was found to be
higher compared to the control group (51.0%) (p=0.036).
On the other hand, the CT genotype (has moderate
expression) was found to be lower in the patient group
(16.7%) compared to the control group (42.0%) (p=0.016).
No statistical significance was detected in TGF-β variations
between the patient and control groups (Supplementary
Table 2). The frequencies of HLA-DRB1,-DRB3, 4, 5 alleles
belonging to the patient and control groups are given in
Supplementary Table 3. Among the HLA-DRB1 alleles
shown in the table, DRB1*01:01 and DRB1*07:01 alleles
were found with a high frequency in the patient group with
a high-resolution tissue typing. For the HLA-DRB1*04
allele which was found with the highest frequency in the
patient group, HLA-DRB1*04:02 and HLA-DRB1*04:04 al-
leles were found with a high rate. In the control group,
DRB1*03:01 and DRB1*07:01 alleles were found with a
high frequency. For the HLA-DRB1*04 allele, which was
found with the highest frequency in the control group,
HLA-DRB1*04:03 and HLA-DRB1*04:08 alleles were found
with a high frequency.

aGvHD developed in eight out of 19 patients (42.1%)
who underwent a transplant. No association was detected
between the TGF-β variations and aGvHD in the patient
group. However, the (CC) genotype of IFN-γ in the patients
who developed aGvHD (87.5%) was detected with a higher
level compared to the patients who did not develop aGvHD
(54.5%), though the difference was not statistically signif-
icant (p=0.177). The frequency of CT genotype of IFN-γwas
found to be lower in the patients who developed aGvHD

(25.0%) compared to the patients who did not develop
aGvHD (36.3%). It was found that the IFN-γ (CT) genotype
had a protective role in the emergence of aGvHD (p:0.044)
(Supplementary Table 4).

The association between DRB5 (DR51) and the IFN-γ
(CT) genotype which are inherited from DRB1*15 and *16
alleles was found with a higher rate in the control group
(54.1%) compared to the patient group (28.2%), and
this difference was found to be statistically significant
(p=0.023) (Table 1).

No association between the HLA-DRB1*15 alleles, and
IFN-γ variations was shown in the patient and control
groups. However, the association of HLA-DRB1*15 alleles
with the TGF-β (CT) genotype was found with a higher rate
in the patient group (8.3%) compared to the control group
(1.5%) (p=0.031). The association of HLA-DRB1*16 alleles
with the IFN-γ (CT) genotype was found with a higher rate
in the control group (2.0%) compared to the patient group
(0.0%) (p=0.047). The association of DRB1*04 plus + IFN-γ
C/C was found with a higher rate in the patient group
(16.7%) compared to the control group (8.5%) (p=0.028)
(Table 2).

Table : HLA-DR supertype antigens of the patients, and the asso-
ciation with TGF-β, IFN-γ variations.

DR+ Patient (n=) Control (n=) Fisher’s p
DR + IFN-γC/C .% .% .
DR + IFN-γC/T .% .% .
DR + IFN-γT/T .% .% .
DR+ Patient (n=) Control (n=) p
DR + TGF-βC/C .% .% .
DR + TGF-βC/T .% .% .
DR + TGF-βT/T .% .% .
DR+ Patient (n=) Control (n=) p
DR + IFN-γC/C .% .% .
DR + IFN-γC/T .% .% .
DR + IFN-γT/T .% .% .
DR+ Patient (n=) Control (n=) p
DR + TGF-βC/C .% .% .
DR + TGF-βC/T .% .% .
DR + TGF-βT/T .% .% .
DR+ Patient (n=) Control (n=) p
DR + IFN-γC/C .% .% .
DR + IFN-γC/T .% .% .
DR + IFN-γT/T .% .% .
DR+ Patient (n=) Control (n=) p
DR + TGF-βC/C .% .% .
DR + TGF-βC/T .% .% .
DR + TGF-βT/T .% .% .

HLA, human leukocyte antigen; TGF-β, transforming growth factor-β;
IFN-γ, interferon-gammaγ. Bold values indicate significant values
(p<).
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The association of the DRB1*15 allele with the IFN-γ
(CC) genotype was found with a higher rate in the group
who did not develop aGvHD (p=0.024). The association
of the DRB1*15 allele with the IFN-γ (TT) genotype was
found with a higher rate in the aGvHD group and this
difference was statistically significant (p=0.050)
(Table 3).

Table: Comparisonof theHLA-DRB*,, ,, alleles and
the association with the TGF-β, IFN-γ variations in the patients and
control.

DRB*+ Patient (n=) Control (n=) Fisher’s p
DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
DRB* + IFN-γT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .%
DRB* + IFN-γT/T - - -
DRB*+ Patient (n=) Control (n=) p
DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
DRB* + IFN-γT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
DRB* + IFN-γT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ Patient (n=) Control (n=) p
DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T - - -
DRB* + IFN-γT/T - - -
DRB*+ Patient (n=) Control (n=) p
DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T - - -
DRB* + TGF-βT/T - - -

HLA, human leukocyte antigen; TGF-β, transforming growth factor-β;
IFN-γ, interferon-gamma. Bold values indicate significant values
(p<).

Table : HLA-DRB*, , , ,  alleles of the patients, and
the correlation with TGF-β, IFN-γ variations between the subjects
with and without aGvHD.

DRB* + With aGvHD
(n=) %

Without aGvHD
(n=) %

Fisher’s
p

DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
DRB* + IFN-γT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + TGF-βC/C .% .% .
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T – – –
DRB* + IFN-γT/T – – –
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + TGF-βC/C – – –
DRB* + TGF-βC/T .% .% .
DRB* + TGF-βT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
tDRB* + IFN-γT/T – – –
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + TGF-βC/C – – –
DRB* + TGF-βC/T – – –
DRB* + TGF-βT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + IFN-γC/C .% .% .
DRB* + IFN-γC/T .% .% .
DRB* + IFN-γT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + TGF-βC/C – – –
DRB* + TGF-βC/T – – –
DRB* + TGF-βT/T .% .% .
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + IFN-γC/C – – –
DRB* + IFN-γC/T – – –
DRB* + IFN-γT/T – – –
DRB*+ With aGvHD

(n=) %
Without aGvHD
(n=) %

p

DRB* + TGF-βC/C – – –
DRB* + TGF-βC/T – – –
DRB* + TGF-βT/T – – –

HLA, human leukocyte antigen; TGF-β, transforming growth factor-
β; IFN-γ, interferon-gamma; aGvHD, acute Graft versus Host
disease. Bold values indicate significant values (p<).
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Discussion

GvHD is a significant complication that should bemanaged
in the best way, because it is one of the most important
causes of morbidity and mortality after hematopoetic stem
cell transplantation.

Therefore, clarification of the GvHD pathogenesis is
important for better management and prevention, and
for developing treatment strategies [2, 15]. Cytokines are
the significant effector and regulatory molecules playing
an important role in the pathogenesis of GvHD. The
proinflammatory cytokines, which are released by acti-
vated immune cells including T cells, resulting in the rapid
initiation of GvHD, and rapid exacerbation by creating a
‘cytokine storm’ [16].

The donor naive CD4+ T cells in GvHD recognise the
allo-antigens presented by the antigen-presenting cells
(APC) of the host and differentiate into different T cell
subgroups such as Th1, Th2 or Th17 in accordance with the
present cytokine profile in the environment [17]. Yi T. et al.
reported that in the absence of IFN-γ,Th cells differentiate
into Th2 and Th17 subgroups and cause damage to the
lungs and skin, and moreover, in the absence of IL-4 and
IFN-γ, Th17 cells become the dominant subgroup and cause
tissue damage in the skin. It has been reported that in the
absence of both IFN-γ and IL-17, the Th2 subgroup becomes
predominant, resulting in idiopathic pneumonia in GvHD
patients. In addition, Th cells were detected to have
differentiated into Th1 phenotype in the presence of IL-12
cytokine in the media and were also found to have caused
the release of the IFN-γ and IL-2 cytokines in the presence
of IL-12 [18, 19]. Although the role of Th1 and Th2 is
controversial in GvHD pathogenesis, Th1 cells were clas-
sically suggested to mediate the acute form of GvHD.
Although this paradigm is controversial, acute GvHD may
be stimulated by T cells where the Th2 cells, and STAT4 or
IFN-γ are missing.

The cytokines including IFN-γ are known to stimulate
the regulation of the chemokines and receptors which have
an important role in the occurence of GvHD. In addition,
IFN-γ is required for the development of T-regs. Production
of high levels of IFN-γ by the recipient cells may affect the
donor cell engraftment, and development and/or supres-
sion of the Treg cells [14]. Studies reported that cytokine
gene polymorphisms (IL-1, TNF, IL-10, TGF-β, IL-8, HSP70,
IL-10, IFN-γ), had an important role in the occurrence of
aGvHD [16, 17].

Some studies showed the association between the IFN-
γ microsatellite alleles and IFN-γ (+874) high productive
genotype with aGvHD [17–19]. In this study, the IFN-γ CC

(rs: 2069705) genotype was found to be a high factor in
acute GvHD. A meta-analysis showed the association of
interferon gamma +874T/A polymorphism with leukemia
risk. Looking at the results based on 420 leukemia cases
and 767 matched controls from eight studies, it was
revealed that the IFN-γ +874T/A polymorphism was asso-
ciated with CML and CLL susceptibility [20–23].

In our study, the CC genotype (having high expression)
in the patient group was found with a significantly higher
rate as compared with the level in the control group, and
the CT genotype (having moderate expression) in the pa-
tient group was found to a lower rate compared with the
level in the control group in IFN-γ rs 2069705 (−1616/C/T)
polymorphism.

Kamel et al. studied the TGFβ1-codon 10 and 25 and
IFN-γ polymorphism in 106 patients in their study and
found GvHD in 26 patients out of 106 patients. Kamel et al.
reported that the patients’ IFN-γ +874 polymorphism
showed a significant relationship with the development of
chronic GvHD. Patients with the high producer IFN-γ +874
genotype showed an 8-fold increased probability of devel-
oping chronic GvHD compared to those with the low pro-
ducer IFN-γ +874 genotype. The patients producing high/
intermediate TGFβ1-codon 10 and 25 were reported to have
a lower incidence of acute GvHD, although this was not
statistically significant [24].

The prevalence of acute GvHD is directly associated
with the degree of HLA match. There are many studies
proving the importance of thematch of the HLA antigens in
bone marrow transplants [25]. Several studies have evalu-
ated the hypothesis that DR15 is involved in alloimmune
reactions after unrelated donor transplantation. The
antigen-free mechanism of HLA DRB1*15 providing pro-
tection against acute GvHD is unknown. DR15maymediate
immune dysregulation by linking the imbalance to other
related genes. One of the HLA-DRB1 alleles of HLA-DR15
was reported to be associated with low-grade II-IV acute
GvHD risk in some studies [25–27]. Stern et al. mentioned
the association of DR15 with a lower risk of disease recur-
rence and better survival after HSCT for patients with leu-
kemia or non-Hodgkin lymphoma [28]. Oğuz et al. reported
that HLA-DR15was associatedwith autoimmune cytopenia
in patients with aplastic anemia, myelodysplastic syn-
drome, and paroxysmal nocturnal hemoglobinuria. They
also stated that the presence of the HLA-DR15 antigen
might be associated with the response to immunosup-
pressive therapy [29]. On the other hand, Morishima et al.
analyzed 1790 leukemia patients who underwent HSCT
transplant between 1993 and 2000, and reported that
HLA-A, HLA-B, and HLA-C were associated with severe
acute GvHD. However, no association was detected with
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HLA-DRB1 mismatch. HLA-DRB1*04 was found with a
higher rate in the patient group [30].

In this study, the HLA-DRB1*04 allele was found with
a higher rate in the patient group, and also the association
with DRB1*04 + plus IFN-γ CC was found with a higher
rate in the patient group. Researchers have reported a
significant association of the HLA-DRB1 allele with
various leukemias. HLA-DRB1*11 was found with a
significantly higher rate in the control group.
HLA-DRB1*15was foundwith a significantly higher rate in
the patient group. Oguz et al. found that HLA-DRB1*15
was a risk indicator in patients with aplastic anemia. In
addition, the frequency of relapse was shown to be lower
compared to HLA-DR15 negative patients [29].

Dorak et al. reported that HLA-DRB4 was found with a
higher rate inmale patients compared to the female patients
among pediatric ALL patients [31]. Several investigators
reported that the DRB1*04 and DRB1*07 alleles might be
associated with a higher risk in ALL patients [31–34].

Morrison et al. showed a correlation between rs3135388
and DRB1*1501 in HLA typing reference cell lines. They
observed a female-specific risk association in pediatric ALL
patients, similar to the stronger association of DRB1*15:01 in
female patients with Multiple Sclerosis [35]. In our study,
HLA-DRB1*11 and *03 were found with a higher rate in the
control group, and HLA-DRB1*15 was found with a signifi-
cantly higher rate in the patient group. In this study, no
significant difference was detected in the ratio of DRB5
(DR51) which is inherited with DRB1*15, and in the ratio of
DRB1*16 in the patients who developed aGvHD compared to
the patients who did not develop GvHD.

Inour study, an associationofDRB5 (DR51)with the IFN-
γ (CT) genotype was found with a higher rate in the control
group compared to the patient group, and this difference
was statistically significant. The IFN-γ (CT) genotype was
found to have a protective role in the occurrence of GvHD.
Association of the DRB1*15 allele with the IFN-γ (CC) geno-
typewas foundwith ahigher rate in thepatients in this study
compared to the non-acute GvHD group. Association of the
DRB1*15 allele with the IFN-γ (TT) genotype was found with
a higher rate in the acute GvHD group, however, this dif-
ference showed a statistically liminal significance.

Conclusions

Cytokines including IFN-γ are known to trigger the regu-
lation of chemokines and receptors which have an impor-
tant role in the emergence of GvHD. In addition, IFN-γ is
required for the development of T-regs, and production of

high levels of IFN-γ by the recipient cells may affect the
donor cell engraftment, and development and/or sup-
pression of Treg cells. An association was shown between
the IFN-γmicrosatellite alleles and the high producer IFN-γ
(+874) genotype, and acute GvHD in some studies. The
present study showed that some cytokine gene variations
might contribute to the development of ALL, and the IFN-γ
(CT) genotype had a protective role in the emergence of
GvHD. In addition, we suggest that inheritance of IFN-γ
(CT) in association with the HLA-DRB1*15 allele might be
protective against GvHD. We suggest that investigations in
larger groups will be useful in revealing the genetic in-
dicators which create sensitivity against childhood leuke-
mia, and in better understanding the immunopathogenesis
of GvHD.

This study has several limitations. The first limitation
of this study is the low number of patients. The second
limitation is that the number of patients with GvHD among
transplant patients is small.
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