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Background: Autoimmune hepatitis (AIH) is a chronic inflammatory disease characterized by necrotic
inflammation leading to hepatocyte destruction. The association of human leukocyte antigens (HLA) with
AIH development and onset is not fully elucidated especially in the Tunisian population.

Objectives: The aim of this study was to determine the association of HLA class II alleles and DRB1-DQB1
haplotypes with AIH in Tunisian population.

Keywords: hevatiti Patients and Methods: A total of 30 AIH patients and 60 healthy controls were included in the study. HLA
ﬁzflﬁgﬂ?e epatitis class II typing was performed by Single-specific-primer polymerase chain reaction (PCR-SSP) technique.
Case-control study Results: Among 13 DRB1 and 5 DQB1 alleles resolved, our results show a positive association of HLA-
Haplotypes DRB1*03 (38.3% vs. 21.6%, OR=2.24, P=0.028) and negative association of HLA-DRB1*11 (3.3% vs.

16.7%, P=0.019). The analysis of DRB1-DQB1 haplotypes in cases and controls revealed 11-shared hap-
lotypes with a frequency exceeding 1%. HLA-DRB1*11-DQB1*03 haplotype showed a decreased frequency
in AIH patients (1.6% vs. 15.8%, P=0.009) and may be considered as an haplotype of resistance to AIH.
Conclusions: To our Knowledge, this is the first study performed to detect the HLA-DRB1 and DQB1 alleles
associated with predisposition to AIH in Tunisian patients. The search for HLA predisposing genes to AIH
may permit an earlier diagnosis allowing a better management and treatment of the disease in order to
avoid liver transplantation.
© 2017 Ain Shams University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

dence of AIH ranges from 0.67 to 2.0 per 100,000 people per year,
with a value of 0.83 per 100,000 in Spain [1]. Its prevalence ranges

1. Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory liver dis-
ease characterized by chronic destructive inflammation within the
liver parenchyma, an interface hepatitis morphology and a female
gender bias [1]. AIH was considered relatively rare, as the inci-
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from 4.0 to 42.9 per 100,000 people with a high prevalence in
Alaska and Europe [1]. To date, no information was found concern-
ing the incidence of AIH in the North-African populations. The clin-
ical presentations are frequently associated with nonspecific
symptoms such as fatigue, jaundice, nausea, abdominal pain, and
arthralgia [2]. Moreover, elevated transaminase and immunoglob-
ulin G (IgG) levels, and the presence of antibodies characterize the
physiopathology of AIH [3]. Based on the nature of the serum
autoantibodies, clinical behavior and age of presentation, two
types of AIH are described, type 1 and type 2 AIH [4]. The most
prominent antibodies in AIH depend on AIH type. Antinuclear anti-
bodies (ANA) and/or anti-smooth muscle antibodies (SMA) are typ-
ically associated with type 1 AIH, whereas circulating anti-liver/
kidney microsome typel (LKM1) and/or anti-liver cytosol type 1
(LC-1) antibodies are detected in type 2 AIH [4].

AIH results from the interplay of multiple predisposing causes,
genetic and environmental, but the underlying cause remains
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unknown [5]. It has been suggested that infection with Epstein-
Barr virus and Cytomegalovirus causes contribute to the AIH devel-
opment [6,7]. Several genes confer susceptibility to AIH; most are
located within the human leukocyte antigen [HLA] region [8].
About 252 genes are expressed in the extended HLA complex,
which span about 7.6 Mb on the short arm of chromosome 6 [9].
These genes are highly polymorphic, especially the HLA class |
and II genes, which encode the peptide-presenting HLA molecules.
The HLA complex is divided into three regions: class I, class Il and
class IIl. The class I region contains the classical HLA-A, HLA-B,
and HLA-C genes that encode the heavy chains of class I molecules.
The class II region consists of DP, DQ and DR subregions, which
contains A and B genes encoding o and B chains, respectively [9].
The class III region contains genes for complement components
(C2, C4, factor B), 21-hydroxylase, tumor necrosis factors (TNFs),
and some others [9].

The association of HLA class II alleles and haplotypes with sus-
ceptibility to AIH was reported in different ethnic groups [10,16].
Indeed, Kekik et al. found a relationship between DRB1*03 or
DRB1*03:01 alleles possession and AIH susceptibility in Turkish
patients [14]. In Japanese [15,16], Mexican [11] and Korean [17]
populations, AIH risk is associated with DRB1*04 allele possession.
Hassan et al. studied the HLA class II distribution in 44 Pakistani
AIH patients and reported a positive association of DRB1*14 allele
with AIH development [18]. In Argentinians [12] and Indians [19],
AIH susceptibility was related to DRB1*13 allele presence. Several
investigations have also described protective alleles for AIH,
including DRB1*08,11 and DRB1*13, DQB1*03 and DQB1*02
[11,14,20,21]. These differences may be due to ethnicity and
genetic backgrounds. The principal susceptibility allele for type 1
AIH in white northern European and American populations is
HLA-DRB1*03, and a second, independent risk factor is HLA-
DRB1*04 [10,22]. Susceptibility to type 2 AIH was conferred by
the possession of DRB1*07, DRB1*13 and DQB1*02 in Brazilian
patients [20].

To our knowledge, this is the first report studying the associa-
tion of HLA class II alleles with AIH in the Tunisian population
and in North-Africans. The aim of our study was to investigate
the relationship between HLA DRB1/DQB1 alleles and DRB1-
DQB1 haplotypes and AIH risk in Tunisian patients.

2. Patients and methods

A total of 30 unrelated patients with definite AIH were recruited
from the gastroenterology department of Military hospital of Tunis,
Charles Nicolle, La Rabta and Habib Thameur Hospitals, between
September 2013 and April 2014. AIH was diagnosed based on
International AIH Group criteria using a scoring calculator
(10-15) [23]. A score of >15 was taken as definite AIH, and >10
as probable AIH. Patients with a score of less than 10 were
excluded from the analysis. Clinical and biological features were
obtained from the medical records of patients. Sixty unrelated
healthy donors were included in our study (47 women and 13
men, mean age 49.6 yrs. + 7.4) and matched for gender and age
with AIH cases. Study participants have signed an informed con-
sent before the study, and ethics committees approved the study
protocol. The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki (6th revision, 2008) as reflected
in a priori approval by the institution’s human research committee.

2.1. HLA genotyping

Genomic DNA was extracted from lymphocytes separated from
whole blood using a Ficoll-Paque solution (density 1.077 + 0.001 g/
ml) (24). DNA extraction was performed using QIAamp® DNA

Blood Mini Kit (Qiagen®), following the manufacturer’s instruc-
tions. HLA-DRB1 and -DQB1 antigens were detected by Single-
specific-primer polymerase chain reaction (SSP-PCR) technique,
according to Micro SSP Generic HLA class Il DNA Typing Trays
DRB1/DQB1 (One lambda®). Amplified DNA fragments were ana-
lyzed on 2.5% agarose gel stained with ethidium bromide. HLA
Fusion Software (2005, One lambda®) was used to detect specific
DRB1 and DQB1 alleles.

2.2. Statistical analysis

Statistical analysis was performed using SPSS version 20.0 soft-
ware (IBM, Armonk, NY). The frequency of DRB1 and DQB1 alleles
was obtained using Arlequin Software (25); DRB1-DQB1 haplotype
frequencies were determined by the maximum-likelihood method,
through expectation-maximization (EM) algorithm. The compar-
ison of alleles and haplotype frequencies between cases and con-
trols was expressed as Pvalues, odds ratios (ORs), and 95%
confidence intervals (CIs) and was performed by vassarStats
(http://vassarstats.net/). P-Values were corrected using Yates’s cor-
rection, and Fisher’s exact test was applied for low number of sub-
jects with a specific allele or haplotype. A P-value <0.05 was
considered as statistically significant. Hardy-Weinberg equilibrium
(HWE) was tested at each locus in cases and controls.

3. Results
3.1. Clinical and immunological features in AIH patients

Demographic and clinical characteristics of patients are shown
in Table 1. AIH is more frequent in women (86.6%). The mean
age is 52.9 £ 14.1; the mean age at disease onset is 46.2 £+ 15.2
and the disease duration is presented as median (IQR), 4.0 (3.0-
7.7). Patients with type 1 AIH are present with a frequency of
93.3% and those with type 2 AIH with 6.6%. The most frequent Clin-
ical presentations are jaundice (80%), asthenia (66.7%), splenome-
galy (46.6%) and Pruritus (43.3%). Specific antibodies were found
in patients’ sera such as ANA (60%) and SMA (53.3%). Three patients
had an infection with cytomegalovirus (CMV) and only one patient
presented Epstein-Barr virus (EBV) infection. (Table 1)

3.2. Distribution of DRB1 and DQB1 alleles

Of the 12 DRBI1 allele groups resolved, DRB1*03 (38.3%) and
DQB1*02 (31.6%) were the most frequent alleles in AIH patients,
whereas DRB1*03 (21.6%) and DQB1*03 (36.6%) were common in
controls. Our results showed a positive association of DRB1*03
allele with AIH risk (38.3% vs. 21.6%, OR (95% CI) = 2.24 (1.14-
4.42), P=0.028 <0.05). Conversely, we found a decreased fre-
quency of DRB1*11 in cases compared with controls (3.3% vs.
16.7%, OR (95% CI)=0.17 (0.03-0.76), P=0.019 < 0.05) (Table 2).
A reanalysis was performed using three genotypes (X/X, DRB1*03/
X and DRB1*03/DRB1*03), where X represents alleles other than
DRB1*03. Subjects with the genotype containing two copies of
the DRB1*03 alleles (DRB1*03/DRB1*03) had a high risk of develop-
ing AIH (20% vs. 5% OR (95% CI)=5.69 (1.24-26.11),
P=0.025<0.05). On the other hand, the distribution of HLA-
DQBT1 alleles in cases and controls revealed a lack of association
with AIH development in Tunisian patients (Table 3).

3.3. Distribution of HLA-DRB1-DQB1 haplotypes

The Table 4 displays the distribution of DRB1-DQB1 haplotypes
in cases and controls. Of 10 haplotypes resolved, DRB1*03-
DQB1*02 (21.6%) is the most frequent in cases and controls
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Table 1

Characteristics of Tunisian autoimmune hepatitis cases and controls.
Parameters Cases' Controls' P-Value
Gender, n (%) 0.341
Women 26 (86.6) 47 (78.3)
Age’ 529+14.1 49.6+7.4 0.237
Smoking, n (%) 0.188
Yes 2(6.7) 28 (46.6)
Alcohol use, n (%) 0.600
Yes 2 (6.7) 28 (46.6)
Age at onset’ 46.2 £15.2 NA -
Disease duration® 4.0 (3.0-7.7) NA -
Clinical presentations, n (%) NA -
Asthenia 20 (66.7)
Arthralgia 4 (13.3)
Nausea 5(16.7)
Anorexia 7 (23.3)
Weight loss 7 (23.3)
Abdominal pain 12 (40.0)
Jaundice 24 (80.0)
Pruritus 13 (43.3)
Hepatomegaly 10 (33.3)
Splenomegaly 14 (46.6)

Antibodies presence, n (%)

ANA 18 (60.0)
SMA 16 (53.3)
LKM1 2 (6.6)
SLA 1(3.3)
AMA-M2 5(16.7)
Infections, n (%)

EBV infection 1(3.3)
CMV infection 3 (5.0)

ANA: anti-nuclear antibodies, SMA: Smooth-muscle antibodies, LKM1: anti-Liver/
Kidney Microsomal Antibodies Type 1, SLA: Antibodies against soluble liver antigen,
AMA-M2: anti-mitochondrial antibody-M2, EBV: Epstein - Barr virus, CMV: Cytome-
galovirus, NA: not applicable

1 A total of 30 AIH cases and 60 healthy controls were included.

2 t-Student’s test for the variable “Age” with normal distribution (mean * stan-
dard deviation).

3 Variable without normal distribution (median (interquartile range)).

(20%). A decreased frequency of DRB1*11-DQB1*03 haplotype was
detected in cases (1.6%) compared with controls (15.8%) (OR
(95% CI) = 0.09 (0.01-0.69), P=0.009 < 0.05).

4. Discussion

AIH is an uncommon chronic hepatitis, which may cause cirrho-
sis and liver failure if it is not treated [26]. These complications
impose a comprehension of AIH physiopathology to find genetic
biomarkers for early AIH diagnosis and management. Many studies
have shown a strong association between the HLA complex genes
and susceptibility to AIH in the different populations.

Table 2

Distribution of HLA-DRBT1 alleles in autoimmune hepatitis patients and healthy controls.

In our study, we examined the relationship between HLA class II
alleles/haplotypes and AIH susceptibility in Tunisians. The distri-
bution of HLA-DRB1 alleles revealed a positive association of
HLA-DRB1*03 with AIH risk in Tunisian patients (P = 0.028). Simi-
lar results were reported in American [10], Argentinian [12],
Venezuelan [13], Turkish [14] patients. In Japan, where DRB1*03
is extremely rare in the normal population, susceptibility to AIH
were associated with DRB1*04 allele possession [16]. By contrast,
DRB1*04 allele is uncommon (9.5%) in Tunisian population [27].
These findings suggest that HLA DRB1*03 and HLA DRB1*04 genes
may code for HLA molecules that share determinents of suscepti-
bility to AIH. In Pakistani, AIH risk was associated with the pres-
ence of DRB1*14 alleles [18], whereas in Argentinians and
Indians, AIH susceptibility was related to DRB1*13 allele posses-
sion [12,19].

Several disease-associated HLA molecules would differ by eth-
nicity and genetic background. In fact, a shared amino acid motif
in the antigen-presenting grooves of HLA DR3 and DR4 molecules
coded by HLA DRB1*03 and HLA DRB1*04 genes respectively may
exist [28]. This critical shared motif is consisted of a six-amino-
acid sequence represented by the code LLEQ-R which is present
predominantly in white North-Americans and North-Europeans
with type I AIH [28]. This sequence found in DRB1*03:01 and
DRB1*04:01, is located between positions 67 and 72 of the DRB
polypeptide chain of the class Il HLA molecule, and lysine K in posi-
tion 71 is the critical determinant of susceptibility [29,30].

These HLA alleles enhance autoimmune activation by enhanc-
ing immunogenicity and influencing the expressed repertoire of T
cells, leading to destruction of self-liver antigens [31].

In addition, our association study shows that HLA-DRB1*11
allele is negatively associated with AIH development in Tunisian
patients. DRB1*11 allele is common in Tunisian population
(14.4%), which may explain its protective role [27]. Similar results
were found in Iranians [21] and Argentinians [32]. Previous studies
showed that HLA-DRB1*08,“13 and *15 protects against AIH in
Turkish and Iranians [14,21].

On the other hand, the present association study showed a lack
of association between DQB1 alleles and AIH development in Tuni-
sian patients. Goldberg shared the same results and failed to find
an association of DQB1 alleles with AIH onset [33]. Previous studies
reported a positive association with DQB1*04 [13,16,17] and
DQB1*06 [11,12] alleles; whereas DQB1*03:01 was described as a
protective allele [11,20]. Results on relationship between DQB1
alleles and AIH risk remain controversial due to ethnicity and stud-
ies scale.

This association study of HLA genes and predisposition to AIH
revealed also a protective role of DRB1*11-DQB1*03 haplotype,
which may prevent AIH onset (1.8% vs. 15.6%, P = 0.009). Previous

Alleles AIH Patients Controls Statistical analysis

N=30 N =60 Patients vs. Controls

AF AF OR (95% CI) P-value
DRB1°01 5 8.3 8 6.7 0.762
DRB1'03 23 38.3 26 21.6 2.24 (1.14-4.42) 0.028
DRB1'04 5 8.3 15 12.5 0.559
DRB1'07 6 10.0 13 10.8 0.920
DRB1'08 2 3.3 2 1.6 0.601
DRB1°09 1 1.6 1 0.8 0.601
DRB1'11 2 3.3 20 16.7 0.17 (0.03-0.76) 0.019
DRB1'12 1 1.6 0 0.0 0.333
DRB1'13 7 11.6 13 10.8 0.920
DRB1'14 0 0.0 3 02.5 0.551
DRB1'15 7 11.6 16 13.3 0.920
DRB1'16 1 1.6 3 2.5 1.000

N: number of subjects, AIH: autoimmune hepatitis, AF: allele frequency, OR: odds ratio, Cl: Confidence interval.
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Table 3
Distribution of HLA-DQBT1 alleles in autoimmune hepatitis patients and controls.
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Alleles AIH Patients Controls Statistical analysis
N=30 N =60 Patients vs. Controls
AF AF OR (95% CI) P-value

DQB1°02 19 31.6 34 28.3 0.777
DQB1°03 15 25 44 36.6 0.160
DQB1°04 5 8.3 7 5.8 0.537
DQB1°05 8 13.3 15 12.5 0.920
DQB1°06 13 21.6 20 16.6 0.537

N: number of subjects, AIH: autoimmune hepatitis, AF: allele frequency, OR: odds ratio, CI: Confidence interval.

Table 4

Distribution of HLA-DRB1-DQB1 haplotypes in autoimmune hepatitis cases and controls.
Haplotypes AIH Patients Controls Statistical analysis

N=30 N=60 Patients vs. Controls
n HF n HF OR (CI 95%) P-value

DRB1'01-DQB1°05 5 8.3 6 4.9 0.510
DRB1'03-DQB1°02 11 216 24 20.0 1.000
DRB1'04-DQB1°03 4 6.7 12 10.0 0.646
DRB1'07-DQB1°02 5 8.3 10 8.3 0.777
DRB1'11-DQB1'03 1 1.6 19 15.8 0.09 (0.01-0.69) 0.009
DRB1'13-DQB1°06 2 3.3 6 49 0.720
DRB1'14-DQB1°05 0 0.0 3 2.5 0.551
DRB1'15-DQB1°06 7 11.6 14 11.6 0.806
DRB1'16-DQB1°04 1 1.6 0 0.0 0.333
DRB1'16-DQB1°05 0 0.0 3 2.5 0.551

N: number of subjects, HF: haplotype frequency, OR: odds ratio, CI: Confidence interval, AIH: autoimmune hepatitis.

studies found different protective haplotypes, including DRB1*15-
DQB1*02:01 in Americans [10] and DRB1*15-DQB1*06:02 in Japa-
nese [5]. Moreover, this haplotype is common in Tunisian general
population (11.6%), which may explain its protective effect on
AIH in Tunisian patients. Several studies showed a positive associ-
ation of DRB1*13-DQB1*06 and DRB1*04-DQB1*04 haplotypes
with AIH risk in Argentinian, Brazilian and Korean patients
[12,17,21]; however, these haplotypes are uncommon in Tunisian
population (4.5%, 3.5%, respectively) [27].

AIH can be associated with many autoimmune diseases, which
share almost the same genetic predisposing genes. Besides overlap
syndromes for primary biliary cirrhosis (PBC) and Primary scleros-
ing cholangitis (PSC), autoimmune thyroiditis are the most com-
mon concurrent disease [30,34]. Other concurrent disorders are
type 1 diabetes mellitus, vitiligo, Sjogren’s syndrome and ulcera-
tive colitis [34]. HLA-DRB1*03 or HLA-DRB1*04 alleles were found
to be related with PBC in European and Asian populations [35].
Patients with AIH-PBC overlap syndrome presented a predominant
HLA-B8, DRB1*03, or DRB1*04 alleles similar to AIH [36]. Among
autoimmune thyroid diseases (AITDs), autoimmune hypothy-
roidism has been weakly associated with HLA-DRB1*03 or *04 alle-
les [37]. In Tunisia, it has been shown that DRB1*03 and DRB1*04
are risk alleles for type 1 diabetes, while DRB1*11 is a protective
allele [38,39]. AIH susceptibility may be associated with concur-
rent disorders present in AIH patients.

The present study has some strengths, but also limitations.
Questionnaire-based personal interviews were conducted for
assessment for baseline data of studied subjects. Moreover, all sub-
jects included were Arabs. Non-Arab subjects, in particular (native)
Berbers and individuals of European origin were excluded, which
decrease the impact of ethnicity on genetic associations found in
current study. However, technical limitations including high-
resolution typing was not performed for DR3 group and others;
consequently, the amino-acid alignment and association with the
first and the third hyper-variable regions cannot be studied now.
Finally, since our study had a modest sample size, alleles with

low frequency in patients or controls were difficult to assess.
Although this point constitutes a criticism, our results replicate
those reported in other studies.

5. Conclusions

To our knowledge, this is the first report studying the relation-
ship between HLA class II alleles and AIH susceptibility in North-
Africans; our results bring out similarities and differences in HLA
basis from those reported in other countries. We found a positive
association of DRB1*03 with AIH onset. By contrast, DRB1*11 allele
and DRB1*11-DQB1*03 haplotype were less frequent among
patients and hence, could be involved in disease resistance.
Large-scale studies and stratified clinical groups can be performed
to verify our findings.

Declaration of interest
All authors have no conflict of interest.
Acknowledgment

We thank all patients for their contribution to the study. We are
indebted to Drs ] Kharat, professor at the Gastroenterology depart-
ment of Habib Thameur Hospital and Drs K El Jeri, professor at the
Gastroenterology of Charles Nicolle hospital, for their help and
their contribution. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit
sectors.

References

[1] Wang Q, Yang F, Miao Q, Krawitt EL, Gershwin ME, Ma X. The clinical
phenotypes of autoimmune hepatitis: a comprehensive review. | Autoimmun
2016;66:98-107.

[2] Lucey MR, Vierling John M. Clinical presentation and natural history of
autoimmune hepatitis. Clin Liver Dis 2014;3(1):9-11.


http://refhub.elsevier.com/S1110-8630(17)30021-6/h0005
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0005
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0005
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0010
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0010

M. Chaouali et al./The Egyptian Journal of Medical Human Genetics 18 (2017) 335-339 339

[3] Fallatah H, Akbar H. Autoimmune hepatitis as a unique form of an
autoimmune liver disease: immunological aspects and clinical Overview.
Autoimmune Dis 2012:1-17.

[4] Liberal R, Grant C, Mieli-Vergani G, Vergani D. Autoimmune hepatitis: a
comprehensive review. ] Autoimmun 2013;41:126-9.

[5] Umemura T, Katsuyama Y, Yoshizawa K, Takefumi K, Satoru J, Michiharu K,
et al. Human leukocyte antigen class I haplotypes affect clinical characteristics
and progression of type 1 autoimmune hepatitis in Japan. PLoS ONE 2014;23.9
[6].

[6] Barzilai O, Sherer Y, Ram M, Izhaky D, Anaya JM, Shoenfeld Y. Epstein-Barr
virus and cytomegalovirus in autoimmune diseases: are they truly notorious?
a preliminary report. Ann New York Acad Sci 2007;1108. 567-7.

[7] Rigopoulou EI, Smyk DS, Matthews CE, Billinis C, Burroughs AK, Lenzi M, et al.
Epstein-Barr Virus as a Trigger of Autoimmune Liver Diseases. Adv Virol
2012;2012:987471.

[8] Oliveira LC, Porta G, Marin ML, Bittencourt PL, Kalil J, Goldberg AC.
Autoimmune hepatitis. HLA and extended haplotypes. Autoimmu Rev
2011;10(4):189-93.

[9] Choo SY, The HLA. System: genetics, immunology, clinical testing, and clinical
implications. Yonsei Med ] 2007;28(48):11-23.

[10] Strettell MD, Donaldson PT, Thomson LJ, Santrach PJ, Moore SB, Czaja AJ, et al.
Allelic basis for HLA-encoded susceptibility to type 1 autoimmune hepatitis.
Gastroenterology 1997;112:2028-35.

[11] Vazquez-Garcia MN, Alaez C, Olivo A, Debaz H, Pérez-Luque E, Burguete A,
et al. MHC class Il sequences of susceptibility and protection in Mexicans with
autoimmune hepatitis. ] Hepatol 1998;28:985-90.

[12] Pando M, Larriba ], Fernandez GC, et al. Pediatric and adult forms of type I
autoimmune hepatitis in Argentina: evidence for differential genetic
predisposition. Hepatology 1999;30:1374-80.

[13] Fortes MP, Machado IV, Gil G, et al. Genetic contribution of major
histocompatibility complex class II region to type 1 autoimmune hepatitis
susceptibility in Venezuela. Liver Int 2007;27:1409-16.

[14] Kekik C, Seyhun Y, Karahan GE, et al. Association of HLA-DRB1 Alleles and
Autoimmune Hepatitis in Turkish Patients. Trak Univ Tip Fak 2010;27:253-6.

[15] Seki T, Ota M, Furuta S, Fukushima H, Kondo T, Hino K, et al. HLA class II
molecules and autoimmune hepatitis susceptibility in Japanese patients.
Gastroenterology 1992;103:1041-7.

[16] Yoshizawa K, Ota M, Katsuyama Y, Ichijo T, Matsumoto A, Tanaka E, et al.
Genetic analysis of the HLA region of Japanese patients with type 1
autoimmune hepatitis. ] Hepatol 2005;42:578-84.

[17] Lim YS, Oh HB, Choi SE, et al. Susceptibility to type 1 autoimmune hepatitis is
associated with shared amino acid sequences at positions 70-74 of the HLA-
DRB1 molecule. ] Hepatol 2008;48:133-9.

[18] Hassan N, Siddiqui AR, Abbas Z, Syed MH, Ghous BS, Muhammed M, et al.
Clinical Profile and HLA Typing of Autoimmune Hepatitis From Pakistan. Hepat
Mon 2013;13:e13598.

[19] Kaur N, Minz RW, Anand S, Biman S, Ritu A, Ashim D, et al. HLA DRB1 Alleles
Discriminate the Manifestation of Autoimmune Hepatitis as Type 1 or Type 2
in North Indian Population. J Clin Exper Hepatol 2013;1:14-8.

[20] Bittencourt PL, Goldberg AC, Cancado EL, Porta G, Carrilho FJ, Farias AQ, et al.
Genetic heterogeneity in susceptibility to autoimmune hepatitis types 1 and 2.
Am ] Gastroenterol 1999;94:1906-13.

[21] Baharlou R, Faghihi-Kashani A, Faraji F, Najafi-Samei M, Setareh M, Zamani F,
et al. HLA-DRB1 alleles of susceptibility and protection in Iranians with
autoimmune hepatitis. Hum Immunol 2014;4:14-8.

[22] Czaja A], Strettell MD, Thomson Lj, Santrach PJ, Moore SB, Donaldson PT, et al.
Associations between alleles of the major histocompatibility complex and type
1 autoimmune hepatitis. Hepatology 1997;25:317-23.

[23] Hennes EM, Zeniya M, Czaja AJ, Parés A, Dalekos GN, Krawitt EL, et al.
Simplified criteria for the diagnosis of autoimmune hepatitis. Hepatology
2008;48:169-76.

[26] Francque S, Vonghia L, Ramon A, Michielsen P. Epidemiology and treatment of
autoimmune hepatitis. Dove Med Press 2012;4:1-10.

[27] Hmida S, Gauthier A, Dridi A, Quillivic F, Genetet B, Boukef K, et al. HLA class II
gene polymorphism in Tunisians. Tissue Antigens 1995;45:63-8.

[28] Makol A, Watt KD, Chowdhary VR. Autoimmune Hepatitis: A Review of
Current Diagnosis and Treatment. Hepat Res Treat 2011; 1-11.

[29] Czaja AJ. Current concepts in autoimmune hepatitis. Ann Hepatol
2005;1:6-24.

[30] Czaja AJ, Donaldson PT. Genetic susceptibilities for immune expression and
liver cell injury in autoimmune hepatitis. Immunol Rev 2000;174:250-9.

[31] Van Gerven NM, De Boer YS, Zwiers A, Verwer B], Drenth JP, van Hoek B, et al.
HLA-DRB1x03:01 and HLA-DRB1x04:01 modify the presentation and outcome
in autoimmune hepatitis type-1. Genes Immun 2015;16:247-52.

[32] Borras SG, Moreno J, Abrahama N, Tanno H, Garcia Laplaca M, Rossi MC, et al.
HLA-DRB1 as a risk or resistance factor in Autoimmune Hepatitis.
Immunologia 2011;11(30):115-8.

[33] Goldberg AC, Bittencourta PL, Mougind B, Cangado EL, Porta G, Carrilho F, et al.
Analysis of HLA haplotypes in autoimmune hepatitis type 1: identifying the
major susceptibility locus. Hum Immunol 2001;2:165-9.

[34] Teufel A, Weinmann A, Kahaly GJ, Centner C, Piendl A, Worns M, et al.
Concurrent autoimmune diseases in patients with autoimmune hepatitis. J
Clin Gastroenterol 2010;44:208-13.

[35] Man L, Hao Z, Qing-bao T, Mei-na R, Dian-wu L. HLA-DR Polymorphism and
Primary Biliary Cirrhosis: Evidence from a Meta-analysis. Arch Med Res
2014;45:270-9.

[36] Lohse AW, zum Biischenfelde KH, Franz B, Kanzler S, Gerken G, Dienes HP.
Characterization of the overlap syndrome of primary biliary cirrhosis (PBC)
and autoimmune hepatitis: evidence for it being a hepatitic form of PBC in
genetically susceptible individuals. Hepatology 1999; 29, 4:1078-84.

[37] Hunt PJ, Marshall SE, Weetman AP, Bunce M, Bell JI, Wass JAH, et al.
Histocompatibility leukocyte antigens and closely linked immunomodulatory
genes in autoimmune thyroid disease. Clin Endocrinol 2001;55:491-9.

[38] Abid Kamoun H, Hmida S, Kaabi H, Abid A, Slimane Houissa H, Maamar M,
et al. HLA polymorphism in type 1 diabetes Tunisians. Ann Genet
2002;45:45-50.

[39] Stayoussef M, Benmansour ], Al-Irhayim AQ, Said HB, Rayana CB, Mahjoub T,
et al. Autoimmune type 1 diabetes genetic susceptibility encoded by human
leukocyte antigen DRB1 and DQB1 genes in Tunisia. Clin Vaccine Immunol
2009;16:1146-50.


http://refhub.elsevier.com/S1110-8630(17)30021-6/h0015
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0015
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0015
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0020
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0020
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0025
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0025
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0025
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0025
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0030
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0030
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0030
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0035
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0035
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0035
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0040
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0040
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0040
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0045
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0045
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0050
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0050
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0050
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0055
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0055
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0055
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0060
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0060
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0060
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0065
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0065
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0065
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0070
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0070
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0075
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0075
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0075
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0080
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0080
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0080
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0085
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0085
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0085
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0090
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0090
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0090
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0095
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0095
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0095
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0100
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0100
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0100
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0105
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0105
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0105
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0110
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0110
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0110
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0115
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0115
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0115
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0130
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0130
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0135
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0135
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0145
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0145
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0150
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0150
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0155
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0160
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0160
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0160
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0165
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0165
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0165
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0170
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0170
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0170
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0175
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0175
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0175
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0185
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0185
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0185
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0190
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0190
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0190
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0195
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0195
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0195
http://refhub.elsevier.com/S1110-8630(17)30021-6/h0195

	Distribution of HLA-DRB1/DQB1 alleles and DRB1-DQB1 haplotypes among Tunisian patients with autoimmune hepatitis
	1 Introduction
	2 Patients and methods
	2.1 HLA genotyping
	2.2 Statistical analysis

	3 Results
	3.1 Clinical and immunological features in AIH patients
	3.2 Distribution of DRB1 and DQB1 alleles
	3.3 Distribution of HLA-DRB1-DQB1 haplotypes

	4 Discussion
	5 Conclusions
	Declaration of interest
	Acknowledgment
	References


