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Summary
Background and aims: Autoimmune hepatitis is a chronic immune-mediated liver injury caused
by dysregulated immune response to liver antigens. Genetic susceptibility is affected by mul-
tiple single nucleotide polymorphisms in immune-related genes. There are few reports on the
association of TGF-ˇ and IL-10 genetic variants with autoimmune hepatitis.
Methods: Allele frequency and genotype status of IL-10 −1082, −819, −592 and TGF-ˇ +869
and +915 polymorphisms were investigated in 57 unrelated patients with autoimmune hepatitis
and 140 healthy controls by polymerase chain reaction with sequence-specific primers.
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Results: IL-10 −592 and −819 allele frequencies and genotypes were not associated
with autoimmune hepatitis in our population, while IL-10 −1082 genotypes were. IL-10
−1082/−819/−592 ‘‘high-producing’’ haplotype GCC was significantly less frequent in patients.
TGF-ˇ +869 ‘‘high-producing’’ allele C and genotype CC were significantly more in autoimmune
hepatitis, compared to controls; whereas, TGF-ˇ +915 ‘‘low-producing’’ allele C and genotype
CC were significantly more in autoimmune hepatitis compared to control. TGF-ˇ +869/+915
haplotype TG was significantly less frequent in patients while CC haplotype was significantly
more frequently observed in patients.
Conclusion: We identified a significant association between IL-10 −1082/−819 and TGF-ˇ
+869/+915 genotypes and haplotypes with autoimmune hepatitis in Iranians.
© 2018 Elsevier Masson SAS. All rights reserved.

Introduction

Autoimmune hepatitis (AIH) is a chronic immune-mediated
liver injury caused by dysregulated immune response to liver
antigens. AIH is clinically manifested by elevated serum
transaminases, hypergammaglobulinaemia, and circulating
autoantibodies. It is histologically characterised by interface
hepatitis. From the immunologic perspective, AIH develops
as a result of a disruption in immune self-tolerance; which
results in aberrant immune response to hepatocyte anti-
gens. T cells, specifically Th17 and Treg are implicated in
the pathogenesis of the disease [1]. Although, the underlying
mechanisms of the self-intolerance are not fully understood,
molecular mimicry is speculated to be partly responsible
[2,3]. In addition, it is suggested that hepatotropic viral
infections can facilitate the breach of the self-tolerance [4].

Little is known about the Immunogenetics of AIH. Sin-
gle nucleotide polymorphisms (SNPs) in human leukocyte
antigens (HLAs) have been previously studied which confer
susceptibility to AIH albeit, with different results in differ-
ent populations [5—10]. One genome-wide association study
has been performed on AIH in Europeans. The most signif-
icant associations were detected in chromosomal regions
6p21.32, 12q24.12, and 22q13.1; which contain reported
genes of HLA-DQA1, SH2B3, and CARD10, respectively [11].

SNPs in specific cytokines have been shown to be
associated with immune-mediated diseases like autoim-
mune hepatitis. Transforming growth factorˇ (TGF-ˇ)
andInterleukin 10 (IL-10) polymorphisms seem to be of
utmost importance due to the studies regarding their
association with many immune-mediated diseases includ-
ing autoimmune diseases [12—15], inflammatory diseases
[16—19] and immunodeficiencies [20].

TGF-� is a major cytokine, which is implicated in a
wide range of cellular processes and disease pathogene-
sis. TGF-�1-deficient mice spontaneously develop extensive
hepatitis; which is significantly dependent on the mice
genetic background [21]. In accordance, overexpression
of inhibitory TGF-� receptor type II (TGF-�RII) results in
increased susceptibility to experimental AIH induced by
intraperitoneal injection of syngeneic liver lysate [22]. The
serum level of TGF-�1 is increased in AIH compared to
healthy control and in active disease compared to remission.

Peripheral blood mononuclear cells (PBMC) expression of
TGF-�RII is also decreased in AIH compared to control. Hepa-
tocytes and infiltrating cells in the liver are also a source of
TGF-� in AIH [23,24]. SNPs in TGF-ˇ1 have been compre-
hensively catalogued [25]. TGF-ˇ +869 T/C (rs1982073) and
+915 G/C (rs1800471) are coding SNPs, which result in amino
acid substitution at codons 10 (Leucine to Proline) and 25
(Arginine to Proline), respectively. TGF-ˇ +869 T allele and
+915 G allele results in higher TGF-�1 protein expression.
There is one report on the association of TGF-ˇ1 +869 and
+915 SNPs with pediatric and adult AIH in Argentina [26].
However, there is currently no report on the association of
TGF-ˇ1 SNPs with AIH in Iranians.

IL-10 is one of the major cytokines, which plays a cru-
cial role in immune-mediated diseases including AIH. IL-10
is significantly more produced by cultured bone marrow
cells and peripheral lymphocytes of AIH patients compared
to healthy controls [28,29]. IL-10 −592 (rs1800872), −819
(rs1800871), −1082 (rs1800896) are promoter SNPs in IL-10
upstream sequence. IL-10 —1082 A allele results in higher
IL-10 expression. Along with similar cytokines [27], IL-10
promoter SNPs have been investigated in adult AIH1 [30—32]
and AIH [26,33,34] in Argentinians, Chinese and Europeans;
and pediatric AIH in Argentina [26]. However, the association
ofIL-10 promoter polymorphism with AIH has not been stud-
ied in Iranians. Therefore, the main objective of this study
was to investigate IL-10 -1082 G/A, -819 C/T, and -592 C/A;
and TGF-ˇ +869 T/C and +915 G/C SNPs in Iranian patients
with AIH.

Patients and methods

Patients

Fifty-seven unrelated patients with AIH were recruited from
Gastroenterology Department, Children’s medical center,
Tehran University of Medical Sciences. Diagnosis of AIH
was made based on the International Autoimmune Hep-
atitis Group criteria [35]. The patients were Iranians with
the mean age of 6.2 years old and female to male ratio
of 2.5:1. Six patients were from consanguineous parents.
Among the 25 patient whom we have had access to their
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medical records, 9 patients had AIH type 1 (positive for ANA
or ASMA), 2 patients had AIH type 2 (positive for anti-LKM),
5 patients had autoantibody negative AIH and the remain-
ders were diagnosed based on other criteria. Patients were
negative for HBsAg, HBsAb, HBcAb, and HCVAb. The control
group was comprised of 140 unrelated, relative age- and
sex-matched, healthy blood donors with no history of AIH
or systemic diseases as previously described [36]. The study
was in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of Tehran University of
Medical Sciences. Written informed consent was obtained
from patients’ parents at enrolment.

Genotyping

Five mL of the peripheral venous blood was collected
in EDTA anti-coagulated tubes and stored at −20 ◦C until
further processing. Genomic DNA was extracted by salt-
ing out method and stored at −20 ◦C. Genotyping was
performed by polymerase chain reaction with sequence-
specific primers (PCR-SSP assay kit; Heidelberg University,
Heidelberg, Germany) as previously described [36]. PCR
was performed in primer pair-coated 96-well plates with
a thermal cycler Techne Flexigene apparatus (Rosche,
Cambridge, UK). Amplification condition was as follows: ini-
tial denaturation 94 ◦C, 2 min; denaturation 94 ◦C, 10 sec;
annealing + extension 65 ◦C, 1 min (10 cycles); denaturation
94 ◦C, 10 sec; annealing 61 ◦C, 50 sec; extension 72 ◦C, 30 sec
(20 cycles). Each well also contained primer pairs for house-
keeping genes �-globin or C-reactive protein. PCR products
were visualised on 2% agarose gel with an ultraviolet tran-
silluminator.

Statistical analysis

Allele, genotype and haplotype frequencies were compared
by �2 test. Statistical analyses were performed with SPSS
(version 25; SPSS, Chicago, IL, USA). P-values of less than
0.05 were considered statistically significant.

Results

Overall 57 AIH and 140 healthy controls were investi-
gated. Among these 198 children, the following SNPs
were investigated in IL-10: −1082 G/A, −819 C/T, and
−592 C/A. Allele frequencies of each IL-10 SNP was
not associated with AIH. However, IL-10 −819 TT geno-
type (P = 0.021; OR = 2.86 [1.17—6.97]) and −1082 AA
(P = 0.004; OR = 3.28 [1.47—7.31]), GA (P = <0.001; OR = 0.12
[0.04—0.36]), GG (P = 0.043; OR = 2.87 [1.03—8.00]) geno-
type were significantly associated, where −592 C/A was
not significantly associated with AIH in our population.
All IL-10haplotypes were observed in patients with AIH.
However, only GCC, ACC, and ATA were detected in the
controls. While IL-10 −1082/−819/−592 haplotypes GCC
(P = 0.004; OR = 0.27 [0.11—0.67]) was significantly less fre-
quent in patients; ACA, GCA, ATC, GTC, and GTA were
exclusively detected in patients with statistical signifi-
cance. We observed a strong association of the investigated
SNPs in TGFˇ with AIH. TGF-ˇ +869 allele C (P < 0.001;

OR = 4.02 [2.3—7.04]) and TGF-ˇ +915 allele C (P < 0.001;
OR = 5.56 [2.94—10.51]) were significantly more in AIH
compared to control. TGF-ˇ +869 CC genotype (P < 0.001;
OR = 14.52 [6.52—32.32]) was significantly more in AIH
while CT genotype was significantly underrepresented in
AIH, (P < 0.001; OR = 0.1 [0.04—0.24]). TGF-ˇ +915 CC
genotype (P < 0.001; OR = 20.61 [4.31—98.56]) was signifi-
cantly more frequent among patients while GG genotype
(P < 0.001; OR = 0.24 [0.11—0.53]) was significantly less fre-
quent among the patient group. TGF-ˇ +869/+915 haplotype
TG was significantly less frequent in patients (P < 0.001;
OR = 0.078 [0.03—0.20]) while CC haplotype was significantly
more frequently observed in patients (P < 0.001; OR = 7.99
[4.08—15.66]). The results are summarized in Table 1 and
Table 2.

Discussion

Cytokines play a major role in the progression and clini-
cal manifestation of AIH. However, little is known about
the genetic susceptibility to AIH in general, and the asso-
ciation of IL-10 and TGF-ˇ SNPs to AIH predisposition in
particular. We did not detect a strong significant differ-
ence in IL-10 −592 and −819 SNPs genotypes in cases vs.
controls. This is in accordance with previous reports in
AIH1 [30—32] and AIH [26,33,34]. However, according to
the significant association found among IL-10 −1082 geno-
types and AIH, we suggest GA genotype is higher in AIH
patients whereas AIH patients harbour AA genotype less
than healthy individuals. Among IL-10haplotypes only GCC,
ACC, and ATA were detected in the controls. While IL-10
−1082/−819/−592 haplotypes GCC, ACC, and ATA were sig-
nificantly less frequent in patients; ACA, GCA, ATC, GTC,
and GTA were exclusively detected in patients with statisti-
cal significance. However, no significant association of IL-10
−1082/−819/−592 haplotype with AIH has been previously
reported [26,30,31]. IL-10 −1082/−819/−592 haplotype is
known to alter the level of IL-10 gene expression. ACC and
ATA are associated with low IL-10 production while GCC is
associated with high production [37—39]. In this regard, we
suggest that the ‘‘high-producing’’ haplotype is associated
with AIH, while ‘‘low-producing’’ haplotypes are not associ-
ated with disease status. There is no report on the effect of
other IL-10 haplotypes on IL-10 production. However, since
the allele A at position −1082 is associated with low produc-
tion and allele G at position −1082 is associated with high
production; it is speculated that ACA and ATC are also low-
producing while GCA, GTC, and GTA are high-producing. We
have detected ATC haplotype in AIH patients with a signifi-
cant association compared to healthy controls. The overall
frequency of high-producing haplotype vs. low-producing
haplotype is 15.2% and 84.8% in AIH and 35.4% and 64.6%
in controls.

A wide variety of cell types can secrete TGF-� and this
pleiotropic cytokine controls proliferation, differentiation
and other cell functions in many cell types. Abrogation of
TGF-�1 results in extensive hepatitis in mice [22]; which sug-
gests that TGF-� plays a protective role against AIH. Previous
reports suggest that TGF-� level is altered by the coding
SNPs at codon 10 (+896 C/T). Individuals with CC genotype
had higher levels of TGF-� in the serum [40,41]. We observed
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Table 1 Frequency of IL-10 and TGF-ˇ single nucleotide polymorphisms alleles and genotypes in patients with AIH compared
to the controls.

Gene Allele/genotype AIHn, (%) Controln, (%) P-value OR, (95% CI)

TGF-ˇ +869 C 69 (78.4) 131 (47.5) <0.001 4.02 (2.3—7.04)
T 19 (21.6) 145 (52.5) <0.001 0.25 (0.14—0.44)
CC 31 (70.5) 20 (14.5) <0.001 14.52 (6.52—32.32)
CT 7 (15.9) 91 (65.9) <0.001 0.1 (0.04—0.24)
TT 6 (13.6) 27 (19.6) 0.377 0.65 (0.25—1.70)

TGF-ˇ +915 C 27 (31.4) 21 (7.6) <0.001 5.56 (2.94—10.51)
G 59 (68.6) 255 (92.4) <0.001 0.18 (0.09—0.34)
CC 10 (23.3) 2 (1.5) <0.001 20.61 (4.31—98.56)
CG 7 (16.3) 17 (12.3) 0.505 1.38 (0.53—3.60)
GG 26 (60.5) 119 (86.2) <0.001 0.24 (0.11—0.53)

IL-10 −592 A 25 (27.2) 81 (28.9) 0.746 0.92 (0.54—1.55)
C 67 (72.8) 199 (71.1) 0.746 1.09 (0.64—1.85)
AA 4 (8.7) 12 (8.6) 0.979 1.02 (0.31—3.32)
CA 17 (37) 57 (40.7) 0.652 0.85 (0.43—1.70)
CC 25 (54.3) 71 (50.7) 0.669 1.16 (0.59—2.26)

IL-10 −819 C 68 (65.4) 199 (71.1) 0.283 0.77 (0.48—1.24)
T 36 (34.6) 81 (28.9) 0.283 1.30 (0.80—2.10)
CC 27 (51.9) 71 (50.7) 0.882 1.05 (0.55—1.98)
CT 14 (26.9) 57 (40.7) 0.081 0.54 (0.27—1.08)
TT 11 (21.1) 12 (8.6) 0.021 2.86 (1.17—6.97)

IL-10 —1082 A 48 (72.7) 181 (64.6) 0.213 1.46 (0.80—2.64)
G 18 (27.3) 99 (35.4) 0.213 0.69 (0.38—1.24)
AA 22 (66.7) 53 (37.8) 0.004 3.28 (1.47—7.31)
GA 4 (12.1) 75 (53.6) <0.001 0.12 (0.04—0.36)
GG 7 (21.2) 12 (8.6) 0.043 2.87 (1.03—8.00)

AIH: autoimmune hepatitis; OR: odds ratio; 95% CI: Wald’s 95% confidence interval. The values in bold (P-value < 0.05) indicate a
significant association.

Table 2 Frequency of IL-10 and TGF-ˇ haplotypes in patients with AIH compared to the controls.

Gene Haplotype AIHn, (%) Controln, (%) P-value OR, (95% CI)

TGF-ˇ +869/+915 CG 33 (52.4) 110 (39.9) 0.071 1.66 (0.96—2.88)
TG 5 (7.9) 145 (52.5) <0.001 0.078 (0.03—0.20)
CC 25 (39.7) 21 (7.6) <0.001 7.99 (4.08—15.66)
TC 0 0 (0) <0.001 —

IL-10 −1082/−819/−592 GCC 6 (13) 99 (35.4) 0.004 0.27 (0.11—0.67)
ACC 16 (34.8) 100 (35.7) 0.903 0.96 (0.5—1.85)
ATA 14 (30) 81 (28.9) 0.835 1.075 (0.54—2.12)
ACA 1 (2.2) 0 (0) <0.001 —
GCA 0 (0) 0 (0) <0.001 —
ATC 8 (17.4) 0 (0) <0.001 —
GTC 1 (2.2) 0 (0) <0.001 —
GTA 0 (0) 0 (0) <0.001 —

AIH: autoimmune hepatitis; OR: odds ratio; 95% CI: Wald’s 95% confidence interval. The values in bold (P-value < 0.05) indicate a
significant association.

a significant increase in the high-producing genotype of TGF-
ˇ +896 in AIH compared to control. This is in accordance
with the previous report in adult AIH in Argentina [26].
TGF-ˇ1 +915 G allele and GG genotype are associated with
higher production of TGF-� [42]. We observed a significant
reduction in the high-producing GG genotype in AIH. In the
previous report, the GG genotype was decreased in adult AIH
compared to control. However, it did not reach statistical

significance. In contrast, the low-producing CC genotype
was significantly increased in adult AIH compared to control.
Interestingly, paediatric AIH demonstrated distinct genetic
pattern. While TGF-ˇ1 +869 allele frequency and genotype
did not differ between paediatric AIH and healthy control,
the high-producing G allele and GG genotype were signifi-
cantly increased in paediatric AIH compared to adult AIH
and healthy control [26]. In our study, TGF-ˇ +869/+915
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high-producing haplotype CG was increased in AIH but did
not reach statistical significance. TGF-ˇ +869/+915 TG was
significantly less frequent in patients while CC haplotype was
significantly more frequently observed in patients.

Our study is limited by not classifying the patients accord-
ing to their profile of autoantibodies. This might result in
masking small but significant results in one subtype and not
the other. Nevertheless, we detected significant association
betweenIL-10haplotypes and TGF-ˇ genotype with AIH.
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