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Background: Cytokines are important factors determining the outcome of transplantation. Host ability in
cytokine production may be affected by cytokine genes polymorphisms. The aim of the present study was
to investigate the effect of IL-17 gene polymorphisms on outcome of Hematopoietic stem cell transplan-
tation.
Materials and methods: A total of 60 bone marrow recipients were included in this study. Twenty-five
recipients (41.66%) underwent a GVHD. IL-17 gene polymorphisms were evaluated by PCR-RFLP method
and the serum levels were also checked by ELISA.
Results: No significant differences in distribution of the IL-17(A/G) (rs3819025) genotypes and alleles
were observed between two groups. But, IL-17 (A/G, -197) GG genotype was found to be significantly
higher in GVHD group compared to those of non-GVHD group (P = 0.04). Interestingly, after stratification
of patients according severity of GVHD, IL-17 (rs3819025) G allele was remained significantly higher in
GVHD grade (0–I) group compared to those of grade (II–IV) group (P = 0.05). In addition, after categori-
zation of patients according to their sex, IL-17-197 GG genotype showed a significant association with
non-GVHD in male patients (P = 0.05). IL-17 serum levels did not show any significant difference between
GVHD and non GVHD groups.
Conclusion: Results indicated that IL-17197 GG genotype, G allele of (rs3819025) and its serum level have
predictive values for severity of GVHD. Also, IL-17-197 GG genotype is a sex dependent genetic risk factor
for development of GVHD, but this subject need to be studied in different population.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction GVHD by causing activation of immune cells and by direct tissue
Allogeneic Hematopoietic stem cell transplantation (HSCT) is a
potentially curative therapy for various hematopoietic malignan-
cies and immunologic diseases [1]. Graft versus host disease
(GVHD) is a major complication of allogeneic BMT and causes sig-
nificant morbidity and mortality [2]. Acute GVHD is a proinflam-
matory process mediated in part by mature donor T cells present
in the stem cell or marrow inoculum that are polarized toward a
Th1 phenotype and recognize minor or major histocompatibility
disparities between the donor and host [3]. During the early stages
after HSCT, alloreactive CD4 + T cells secrete proinflammatory
cytokines that play an important role in the pathophysiology of
damage [4]. Both Th1 and Th2 cells are generated in response to
alloantigens and contribute to the development of GVHD [5].

Recently, a newly identified CD4 + T cell subset, Th17, distinct
from Th1 or Th2, is characterized by the production of interleu-
kin-17A (IL-17A) [6]. IL-17 gene is located on chromosome 6 (loca-
tion: 6p12) and is linked to many immune/autoimmune related
diseases including rheumatoid arthritis (RA) [7,8], asthma [9],
lupus erythmatosus [10,11], multiple sclerosis (MS) [12], allograft
rejection [13]. IL-17 has important roles in bridging innate and
adaptive immunity, and is involved in the host defense against
extracellular pathogens, the pathophysiology of autoimmune
diseases, and allograft rejection of solid organs [14,15]. In fact,
recent studies have shown the prominent role of Th17 cells in
the development of acute renal allograft rejection. It has been
shown that IL-17 can be considered as an early diagnostic marker
of acute renal allograft rejection [16]. Moreover, several reports
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have so far shown that Th17 cells and IL-17 has a significant impact
on the development of acute GVHD in mouse models [17–20].

Given the importance of Th17 cells and their related cytokines
in the development of GVHD, genetic variations in the genes of
IL-17 may play a significant role in the outcome of HSCT [21].
Recent reports have shown association of SNPs in the IL-17 gene
with autoimmune diseases such as gastric cancer [22], acute GVHD
[23] and coronary artery disease [24]. A functional G-to-A transi-
tion at position -197 in the promoter region of IL-17 gene
(rs2275913) has been studied extensively [25,21] and it has been
shown that healthy individuals possessing the -197A allele pro-
duced significantly more IL-17 than those without the -197A allele
[21]. The association of this polymorphism with susceptibility to
ulcerative colitis [26] and acute graft-versus-host disease (GVHD)
after unrelated HSCT have also been reported [21]. Considering
the importance of Th17 and its related cytokines in the HSCT out-
come, the aim of the present study is to investigate the association
of single nucleotide polymorphisms in the genes of IL-17
(rs2275913 and rs3819025) as well as the serum levels of the
IL-17 with GVHD in HSCT recipients.

2. Material and methods

2.1. Patients

A total of 60 HSCT recipients who underwent surgery at the
Namazi hospital, Shiraz, Iran, were consecutively recruited from
2005 to 2011. Their ages ranged from 6 to 55 years. All of the
patients were Iranian and had transplantation at the Transplant
center of Namazi hospital affiliated to Shiraz University of Medical
Sciences. In this study, the patients were divided into two groups
according to the presence (GVHD group) or absence (non-GVHD
group) of GVHD. Acute GVHD has been graded according to the
classic Glucksbeg–Seattle criteria (GSC) and the International HSCT
Registry (IBMTR) [27–29]. Also, non-GVHD patients were consid-
ered as the control group. Signs and symptoms were identified
by an expert hematologist team based on European group for blood
and marrow transplantation criteria. This study was approved by
Research Ethics Committee of our institute (The study protocol
conformed to the ethical guidelines of the 1975 Declaration of Hel-
sinki). Conditioning chemotherapy regimen included busulfan
16 mg/kg or busulfex IV (80% of oral dose) and cyclophosphamide
120–200 mg/kg in leukemia patients (acute myelogenous leuke-
mia, acute lymphogenous leukemia, and chronic myelogenous
leukemia) and cyclophosphamide 60–120 mg/kg + ATG 90 kg/mg
for severe aplastic anemia and Fanconi’s anemia. GVHD disease
prophylaxis consisted of cyclosporine and methotrexate. Prophy-
lactic antibiotic, antifungal, and antiviral drugs were prescribed
for all patients. All blood products were irradiated with gamma
rays to prevent post transfusion GVHD. The HLA typing is routine
in our center.

2.2. DNA extraction

The Buffy coat of the whole blood from bone marrow
transplanted patients was available in the sample bank affiliated
Table 1
The primers, types of PCR, restriction enzyme and thermocycling condition for the IL-17 g

Locus Primers Meth

IL-17(G-197A)
(rs2275913)

Forward primer: 50GCAGCTCTGCTCAGCTTCTAA30 Reverse
primer: 50TTCAGGGGTGACACCATTTT30

PCR-
(BstE

IL-17(G/A)
(rs3819025)

Forward primer: 50 ACAAACTCATCCATCCCCAG 30 Reverse
primer: 5’ GCCCCAATATAGCTATCTTTC30

PCR-
(Mae
to Shiraz Transplant Research Center. Genomic DNA was extracted
from Buffy coat, using a QIAamp DNA mini kit (Qiagen, Germany)
according to the manufacturer’s instructions.

2.3. Genotyping

The SNPs of IL-17 genes including: IL-17 (rs3819025 A/G,
rs2275913-197A/G were evaluated by PCR-RFLP methods as previ-
ously described [30,31]. PCR conditions, cycles, restriction enzymes
and primers are summarized in Table 1. PCR-RFLP method in a final
volume of 25 lL was employed for determining the IL-17
(rs3819025 A/G, rs2275913-197A/G) gene polymorphism. The
PCR products were digested by MaeII (Fermentas, Lithunia) and
BstENI (Vivantis, Singapore) restriction enzymes and the amplified
products were monitored by agarose gel electrophoresis (Figs. 1a
and b).

2.4. ELISA

IL-17 serum level was evaluated by ELISA method. The case
group consisted 24 of patients with GVHD and the control group
included 30 patients without GVHD. All samples were taken in
the first week after transplantation before corticoid treatments.
Plasma samples were isolated immediately and stored at �80 �C
until required and using an ELISA kit (eBioscience, USA) according
to the manufacturer’s instructions.

2.5. Statistical analysis

Allele and genotype frequencies were calculated in patient and
control subjects by direct gene counting. Statistical evaluation was
carried out using the Statistical Package for the Social Sciences
(SPSS), version 15. The frequencies of the alleles/genotypes were
compared in cases and controls by Chi-square test and Fisher’s exact
test. Odds ratios and 95% confidence intervals (CIs) for relative risks
were calculated. A probability value of P > 0.05 was considered as
statistically significant and all the reported p-values were two-
tailed. LD2SNPing program V 2.0 (http://www.bio.kuas.edu.tw/
LD2SNPing) was used to estimate linkage disequilibrium (LD),
Hardy–Weinberg and haplotypes were evaluated using Arlequin
V311.
3. Results

3.1. GVHD rate

The age range of bone marrow transplant patients was between
6–55 years old. The 36 of 60 (60%) allogeneic HSCT recipients were
male and 24 of 60 (40%) were female with a mean ± SD age of
25.83 ± 12.12 years. Male to female ratio (M/F) was 16/9 (1.77) in
GVHD group and 20/15 (1.33) in the non-GVHD group. All patients
received a graft from related donors. The 25 of 60 (41.7%) trans-
plant patients were shown GVHD and 35 of 60 (58.3%) patients
were shown non-GVHD. GVHD was confirmed in 9 of 25 (36%)
grade 0–I and 16 of 25 (64%) grade II = IV patients.
enotyping.

od Fragment length
(base pairs)

Thermocycling program

RFLP
NI)

AA:155 GG:87 + 68
AG:155,87,68

95 �C, 5 min; 30 cycles. 94 �C, 30 s. 57 �C, 30 s.
72 �C, 30 s; 72 �C, 5 min

RFLP
II)

AA:296 GG:214 + 82
AG:296,214,82

95 �C, 5 min; 30 cycles. 95 �C, 1 min. 59.5 �C,
1 min. 72 �C, 1 min; 72 �C, 5 min
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Fig. 1a. Genotyping of the IL-17 (-197A/G) polymorphism by XagI RFLP. Lane 1 AG
genotype (155, 87, 68 bp), lane 2 AA genotype (155 bp), lane M DNA size marker
(50 bp ladder), and lane 3 indicate GG genotype (87, 68 bp), respectively.

Fig. 1b. Genotyping of the IL-17(A/G) (rs3819025) polymorphism by MaeII RFLP.
Lane 1 AA genotype (296 bp), lane 2 GG genotype (214, 82 bp), lane M DNA size
marker (50 bp ladder), and lane 3 indicate AG genotype (296, 214, 82 bp),
respectively.
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3.2. Alleles and genotypes frequencies

Alleles and genotypes frequencies for IL-17 (rs2275913 A/G,
rs3819025 A/G), were determined in 25 GVHD group and 35
non-GVHD group. All genotypes were not in agreement with
Hardy–Weinberg equilibrium in both groups of patients. Armitag’s
trend test was used to check the association of genotypes with
GVHD and grade whenever the Hardy–Weinberg equilibrium did
not meet. No differences in the distribution of the IL-17(A/G)
(rs3819025) genotypes and alleles were observed in the GVHD
group compared to non-GVHD group. However, as shown in
Table 2, the frequency of IL-17 (rs2275913 A/G, -197) GG genotype
was found to be significantly higher in GVHD group compared to
those of non-GVHD group (48% and 22.85% respectively, P = 0.04,
OR = 3.12, 95% CI = 0.90–11.08 study power = 54%).

Interestingly, after stratification of patients according severity
of GVHD IL-17 (rs3819025) G allele was remained significantly
higher in GVHD grade (0–I) group compared to the grade (II–IV)
group (94.44% and 71.87% respectively, P = 0.05, OR = 0.15, 95%
CI = 0.01–1.39, study power = 65%) (Table 3).
Table 2
The frequencies of IL-17 (-197A/G) (rs2275913) and 17 (A/G) (rs3819025) genotypes and

Locus Genotype GVHD grade (0–I) N(%)

IL-17(-197A/G) (rs2275913) AA 3(33.33)
GA 1(11.11)
GG 5(55.55)
A allele 11(61.11)
G allele 7(38.88)

IL-17(A/G) (rs3819025) AA 0(0)
GG 8(88.88)
AG 1(11.12)
A allele 1(5.55)
G allele 17(94.44)

* Considered significant with P-value threshold of 0.05. In genotypes, each P-value is th
number; OR, odd ratio; CI, confidence interval.
After categorization of HSC recipients according to their sex, IL-
17-197 GG genotype showed a significance association with GVHD
in male patients group compared to non-GVHD in male group (50%
and 20% respectively, P = 0.05, OR = 4, 95% CI = 0.75–22.94, study
power = 50%) (Table 3).

3.3. IL-17 haplotype frequency

The frequency of IL-17 haplotype is shown in Table 4. The fre-
quency of the IL-17 AA haplotype was significantly higher in GVHD
patients with grade (II–IV) (P = 0.02).

3.4. Linkage disequilibrium determination

A linkage disequilibrium (D0 = 0.89, P = 0.012) was found for two
polymorphisms at the positions rs2275913 A/G, rs3819025 A/G in
patients who had GVHD and without GVHD symptoms. Linkage
disequilibrium was not found for two polymorphisms at the posi-
tions (rs2275913 A/G, rs3819025 A/G) between different grades of
GVHD in HSCT (Fig. 2).

3.5. Association between coolys anemia and GVHD

The indications for HSCT are summarized in Table 5. Also, the
results showed that there was a significant association between
coolys anemia as a underlying disease and GVHD in HSC trans-
planted patients (p = 0.03).

3.6. ELISA results

IL-17 serum levels did not show any significant difference
between normal populations, GVHD and non GVHD groups. Fur-
thermore, it was not different among grade groups. We compared
IL-17 serum level with its genotypes. There was not any significant
difference between IL-17 serum level and genotype. Also, there
was not any significant difference between IL-17 serum level with
age, sex and blood group. Data was not shown.

4. Discussion

Th17 cells and their related cytokines have been implied as the
major players in autoimmunity [7–10]. These cells have been
reported to produce proinflammatory cytokines like IL-17 [32].
Interestingly, the accelerated allograft rejection was associated
with increased production of the proinflammatory cytokines
including IL-6, IL-17, and IL-12p40. A number of studies have dem-
onstrated the role of IL-17 in the GVHD inducing in bone marrow
transplant recipients [21,23]. Several mouse model experiments
have revealed that transfer of IL-17 producing cells induced acute
alleles in bone marrow transplant patients with different grade of GVHD.

GHVD grade (II–IV) N(%) P value OR 95%CI

9(56.25) 0.27 0.39 0.05–2.80
0(0) 0.17 Undefined Undefined
7(43.75) 0.57 1.61 0.23–11.45
25(78.12) 0.19 0.44 0.10–1.85
7(21.87)

2(12.50) 0.26 0 0.0–8.08
9(56.25) 0.09 6.22 0.52–166.51
5(31.25) 0.25 0.28 0.01–3.49
9(28.12) 0.05* 0.15 0.01–1.39
23(71.87)

e result of comparing corresponding row with the sum of other rows. N, absolute



Table 3
The frequencies of IL-17 (-197A/G) (rs2275913) and 17 (A/G) (rs3819025) genotypes and alleles in patients with and without-GVHD.

Locus Genotype GVHD Total
N(%)

Non-GVHD
Total N(%)

GVHD Male
N(%)

Non-GHVD
Male N(%)

GVHD Female
N(%)

Non-GHVD
Female N(%)

P1

value
P2

value
P3

value

IL-17(-197A/G)
(rs2275913)

AA 12(48) 23(65.75) 7(43.75) 14(70) 5(55.55) 9(60) 0.07 0.11 0.83

GA 1(4) 4(11.42) 1(6.25) 2(10) 0(0) 2(13.33) 0.30 0.68 0.25
GG 12(48) 8(22.85) 8(50) 4(20) 4(44.44) 4(26.66) 0.04* 0.05* 0.37
A allele 36(72) 54(77.14) 22(68.75) 32(80) 14(77.77) 22(73.33) 0.52 0.27 0.73
G allele 14(28) 16(22.85) 10(32.25) 8(20) 4(22.22) 8(26.66)

IL-17(A/G)
(rs3819025)

AA 2(8) 1(2.85) 1(6.25) 0(0) 1(11.11) 1(66.66) 0.36 0.25 0.70

GG 17(68) 19(54.28) 13(81.25) 12(60) 4(44.44) 7(46.66) 0.28 0.16 0.91
AG 6(24) 15(42.85) 2(12.5) 8(40) 4(44.44) 7(46.66) 0.13 0.06 0.91
A allele 10(20) 17(24.28) 4(12.5) 8(20) 6(33.33) 9(30) 0.57 0.39 0.80
G allele 40(80) 53(75.71) 28(87.5) 32(80) 12(66.66) 21(70)

P1 value = Indicate the difference between GHVD and non GHVD group.
P2 value = Indicate the difference between GHVD and non GHVD group in male patients.
P3 value = Indicate the difference between GHVD and non GHVD group in female patients.
* Considered significant with P-value threshold of 0.05. In genotypes, each P-value is the result of comparing corresponding row with the sum of other rows N, absolute
number; OR, odd ratio; CI, confidence interval.

Table 4
The frequencies of IL-17 haplotypes in GVHD patients. In haplotypes, each P value is
the result of comparing corresponding row with the sum of other rows.

Haplotype distribution Grade(0–1) Grade(2–4) v2 P value

AG 11 17 1.39 0.58
AA 0 8 0.00 0.02*

GG 6 6 2.17 0.24
GA 1 1 1.82 0.67

Fig. 2. Linkage disequilibrium plot of IL-17 polymorphisms in D0 value. Dark color
boxes are representative of high linkage disequilibrium (LD) and light color boxes
indicate low LD. The left upper boxes indicate the P values.
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GVHD [33–35]. In contrast, there is a report showing that donor IL-
17 producing cells ameliorated acute GVHD [20]. Cytokines are
important factors determining the outcome of transplantation
[36].
Table 5
Relationship between GVHD and underlying disease the prevalence of underlying disease

Underlying disease GVHD N(%) Non-GVHD N(

AML M4 10(40) 18(51.4)
ALL 5(20) 10(28.6)
CML 3(12) 3(8.6)
Coolys anemia 3(12) 0(0)
A plastic anemia 0(0) 2(5.7)
Thalassemia 2(8) 2(5.7)
Myelodysplastic syndrome 2(8) 0(0)

N, absolute number; OR, odd ratio; CI, confidence interval.
* Considered significant with P-value threshold of 0.05. In genotypes, each P value is th
Since host ability in cytokine production may be affected by
cytokine genes polymorphisms, the aim of the present study was
to investigate the effect of IL-17 rs2275913 and rs3819025 at the
IL-17 gene polymorphisms with GVHD after allogeneic stem cell
transplantation. Our results showed that IL-17 (rs2275913 A/G, -
197) GG genotype was found to be significantly higher in GVHD
group compared to those of non-GVHD group. Interestingly, after
stratification of patients according severity of GVHD IL-17
(rs3819025) G allele was remained significantly higher in GVHD
grade (0–I) group compared to those of grade (II–IV) group. There
are controversies about the association of genotypes of IL-17 in dif-
ferent disease. The study on the basis of myeloablative transplan-
tation showed that the IL-17-197A genotype on the recipient side
was associated with a risk of higher grades; the validation study
has demonstrated the association between the recipient -197A
genotype and the increased incidence of chronic GVHD [23]. Espi-
noza JL and et al. in 2011were showed that the -197A allele of the
IL-17 gene in the donor was associated with a higher risk of acute
GVHD after unrelated fully HLA-matched Hematopoietic stem cell
transplantation [23]. Previous studies have reported an association
between the G-197A SNP in the IL-17 promoter region and the sus-
ceptibility of the Japanese population to ulcerative colitis [37], as
well as to rheumatoid arthritis in the Caucasian population [38].
Ramsey et al. reported that rare allele G of the IL-17 F His162Arg
polymorphism is inversely associated with development of asthma
[39].

As IL-17 G-197A polymorphism is located in the promoter
region of IL-17gene, it is conceivable that it may exert some roles
in the transcriptional regulation of IL-17 secretion. After gender
classification IL-17(-197) GG genotype showed a significance asso-
ciation with non-GVHD in male patients. There have not been any
of bone marrow transplant patients.

%) P value OR 95%CI

0.38 0.63 0.2–2.01
0.44 0.63 0.15–2.45
0.66 1.45 0.21–10.23
0.03* Undefined Undefined
0.22 0.00 0.00–5.88
0.72 1.43 0.13–15.72
0.08 Undefined Undefined

e result of comparing corresponding row with the sum of other rows.
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published studies on relationships between IL-17 polymorphisms
with GVHD in gender. So we could not compare our results with
others’.

In conclusion, we suggest IL-17 promoter polymorphism in IL-17
as a regulatory cytokine could be a genetic risk factor for the devel-
opment of GVHD. GVHD is a multifactor phenomenon, and cytokines
have major role in this aspect. Given that the -197A allele is signifi-
cantly associated with the higher production of IL-17, G-197A
genotyping may be used to predict the susceptibility organ allograft
rejection.
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