98

DOI: 10.15171/mejdd.2018.134

Original Article

Enhanced Th17 Responses in Patients
with Autoimmune Hepatitis
Farinaz Behfarjam 1, Siavash Nasseri-Moghaddam 2, Zohreh Jadali 3,*

1.

2.

3.

Ph.D. Student, Clinical Genetics Department, National Institute of Genetic
Engineering and Biotechnology Tehran,
Iran
Associate Professor, Digestive Diseases
Research Center, Digestive Diseases
Research Institute, Tehran University
of Medical Sciences, Tehran, Iran
Ph.D., Department of Immunology,
School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

ABSTRACT
BACKGROUND
T cells are major players in chronic inflammatory diseases such as autoimmune hepatitis
(AIH). However, it is not clear which subset of T cells participates in the pathophysiology of the
disease. The aim of this study was to assess the expression profile of signature transcription factor
and cytokines of T helper 17 (Th17) cells in patients with AIH.
METHODS
A total of 24 patients with AIH and 24 normal subjects were recruited in the study. Comparison of
gene expression patterns between the patients and normal subjects was done by quantitative real-time
reverse transcriptase polymerase chain reaction (qRT-PCR).
RESULTS
The results showed that retinoic acid receptor-related orphan receptors gamma (RORɣt),
interleukin-17A (IL-17A), and interleukin-22 (IL-22) mRNA expression were increased greatly
in the patients group compared with the normal controls group (p < 0.05).
CONCLUSION
Deregulated production of Th17-related molecules may be associated with the pathogenesis
of AIH.
KEYWORDS:
Autoimmune hepatitis, Autoimmunity-Gene Expression Profiling, Cytokines
Please cite this paper as:
Behfarjam F, Nasseri-Moghaddam S, Jadali Z. Enhanced Th17 Responses in Patients with Autoimmune Hepatitis. Middle East J Dig Dis 2019;11:98-103. doi: 10.15171/mejdd.2018.134.

*

Corresponding Author:
Zohreh Jadali, Ph.D
Department of Immunology, School
of Public Health, Tehran University
of Medical Sciences, P.O.BOX: 6446
Tehran 14155, Iran
Tel: + 98 21 66462268
Fax: + 98 21 66462267
Email: zjadali@razi.tums.ac.ir
Received: 18 Nov. 2018
Accepted: 10 Mar. 2019

INTRODUCTION
Autoimmune hepatitis (AIH) is an organ-specific autoimmune disorder, which
tends to affect women more than men. The exact cause of this complex liver disease remains unclear but a combination of genetic and environmental factors is
believed to play an important role in the initiation or progression of the disease.1
Abnormal immune response is distinguished by qualitative and quantitative
alterations of cellular components of the immune system and their products.
For instance, increased levels of autoantibodies (the predominant components
of humoral immunity) are the hallmark of AIH. Some of these antibodies are
directed against liver tissue antigens, including anti-liver kidney microsome 1, and
their titer are associated with disease activity.2 Nonetheless, decades of research
reveal the importance of CD4+ T helper (Th) cells in disease pathogenesis because
they are central to both humoral and cellular immunity.
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Table 1: Primer sequences for the real-time quantitative polymerase
chain reaction
RORɣt

F: 5′AGGAAGTCCATGTGGGAG3′
R: 5′AGCACAATCTGGTCATTCTGG3′

IL-17

F: 5′CTCATTGGTGTCACTGCT3′
R: 5′CGGTTGTAGTAATCTGAGG3′

IL-22

F: 5′CAACAGGCTAAGCACATGTCATATTG 3′
R: 5′CAGGCATTTCTCAGAGACATAAACAG3′

β-actin

F: 5′AGACGCAGGATGGCATGGG3′
R: 5′GAGACCTTCAACACCCCAGCC3′

F, forward primer; R, reverse primer; RORɣt, retinoic acid receptor-related orphan receptors gamma; IL-17A, interleukin-17A; IL-22, interleukin-22

Recognition and activation of the host Th cells is a
crucial step toward tolerance loss and induction of autoimmunity. The immunological microenvironment and
nature of antigenic determinants direct the differentiation of
naïve T cells into multiple subpopulations with distinct
functional properties.3 The specificities of these cells are
determined by the expression pattern of the particular
cell surface markers, their effector molecules, and cell
type specific transcription factors, which are required for
controlling T cell fate decisions.4
In recent years, a distinct subset of T helper cells, named
Th17 cells, has been described. They constitute a minor
functional T-cell population in the peripheral blood (1%)
and should be viewed as a separate lineage because they
have a specific gene signature and functions. Th17 cells
can be identified by the secretion of specific cytokines,
particularly IL-17A and IL-22, and retinoic acid receptorrelated orphan receptors gamma (RORɣt) is the critical
transcription factor that promotes their differentiation.5
Despite the strong body of evidence pointing to the
important role of Th17 cells in the pathogenesis of AIH,
there are still conflicting reports in the literature.6-8 Thus,
the objective of this study was firstly to evaluate the
pattern of Th17-associated transcription factor RORɣt
and cytokines (IL-17A, and IL-22) in the peripheral
blood mononuclear cells (PBMCs) of patients with AIH
and healthy controls, and secondly to examine the relationships between variables measured in this study.
MATERIALS AND METHODS
Subjects
A total of 48 participants who comprised 24 patients
with AIH and 24 controls were included in this study.
Blood samples were taken from all newly diagnosed
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patients with AIH who were admitted to the outpatient
clinic of the Digestive Disease Research Center (DDRC)
during the period of the study (2015-17). They had not
received prior treatment for AIH and were matched
against the exclusion and inclusion criteria.
Patients were included in the study if they had diagnostic criteria defined by International Autoimmune
Hepatitis Group Report.9 They also gave informed consent
regarding the research. Ethics committee approval was
received for this study from the Ethics Committee of
Tehran University of Medical Sciences.
Major exclusion criteria were as follows: use of
hepatotoxic drugs or herbal medications, treatment with
immunosuppressive drugs, and previous diagnosis of
chronic inﬂammatory and autoimmune diseases except
AIH. The group of patients consisted of 24 participants
who aged between 20 to 69 years.
The control group comprised 24 unrelated, age- and
sex-matched subjects who were randomly selected from
healthy volunteers. They had no history of chronic inflammatory autoimmune or infectious diseases. The
study was conducted according to the ethical principles
stated in the Declaration of Helsinki.
Purification of total RNA from PBMCs
Blood specimens were obtained in 6-mL tubes containing EDTA as anticoagulant. PBMCs were isolated
from the whole blood by Ficoll-Paque gradient centrifugation (Pharmacia, Uppsala, Sweden). Total RNA was
extracted from PBMCs using RibospinTM (GeneALL,
Seoul, Korea) according to the manufacturer’s instructions. The RNA quantity and quality was evaluated by
Nanodrop spectrophotometer (Thermo Scientific, USA)
and agarose gel electrophoresis, respectively.
cDNA synthesis and quantitative real-time reverse
transcriptase polymerase chain reaction (qRT-PCR) assay
RNA samples were converted to cDNA using the first
strand cDNA synthesis kit (Fermentas, Germany). Amplification and detection were performed with a Rotor-Gene
6000 instrument (Corbett Life Science, Australia), using
SYBR Premix EX Taq II kit (Takara, Japan). Primers were
designed using Oligo software (National Biosciences)
and purchased from Gene fanavaran (Tehran, Iran). PCR
primer sequences are indicated in table 1. The expression
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Table 2: Demographic features of the patients with autoimmune hepatitis and controls according to sex and age

Topics
Sex

Age (years)

Patients N(%)

Controls N(%)

Statistical significance

Female

20 (83)

18 (75)

NS

Male

4 (17)

6 (25)

NS

Total

24 (100)

24 (100)

NS

Female

42.90 ± 12.56

38.56 ± 14.90

NS

Male

38.50 ± 14.48

39.13 ± 11.85

NS

Total

42.17 ± 12.67

38.75 ± 13.70

NS

N: number of individuals; NS: not significant

Fig.1: mRNA expression levels for RORC
in patients and control subjects. β-actin
was used as the internal control. Please
note that a higher ΔCt value corresponds to
a comparably lower expression level.

Fig.2: mRNA expression levels for Il-17A in
patients and control subjects. β-actin was
used as the internal control. Please note
that a higher ΔCt value corresponds to a
comparably lower expression level.

of constitutively expressed housekeeping gene, β-actin,
was used for normalization.
PCR amplifications were performed in a total volume
of 10 μL, consisting of 5 μL SYBR premix, 1 μL cDNA,
0.5 μL of forward and reverse primers, and 3 μL double
distilled water.
Cycling conditions were as follows: 95°C for 2 minutes followed by 38-45 cycles of 5s at 95°C and final step
of 20s at 62ºC for RORɣt, 45s at 57ºC for IL-17A, 45s
at 60ºC for IL-22, and 20s at 63ºC for β-actin. Relative
expression values were then computed by subtracting
the threshold cycle (Ct) value of reference gene (β-actin)
from the Ct value of a target gene (∆Ct).
Statistical Analysis
Data analysis was done using SPSS software, version
11.0 (SPSS, Inc., Chicago, IL, USA). Statistical comparisons were performed by t test or Pearson test. Difference
with a P value less than 0.05 was considered as statistically
significant. Results are expressed as means ± SD.
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Fig.3: mRNA expression levels for Il-22 in
patients and control subjects. β-actin was
used as the internal control. Please note
that a higher ΔCt value corresponds to a
comparably lower expression level.

RESULTS
Expression of Th17-related genes in patients with AIH
Table 2 summarizes the obtained demographic information of the participants. Gene expression levels were
measured in PBMCs from patients with AIH and healthy
controls. The comparison of mRNA expression of Th17related genes between the patients and control groups are
shown in figures 1-3. There was a significant increase in
mRNA expression of RORɣt between the patients (12.39
± 1.47) and controls (13.90 ± 1.81) (p = 0.003).
Compared with healthy individuals, the expression
of IL-17A mRNA exhibited a statistically significant increase (p = 0.001) in patients’ PBMCs (16.21 ± 1.10)
than in healthy controls (18.31 ± 1.56). Consistently, the
expression of pro-inflammatory cytokines IL-22 (figure
3), was higher (p = 0.001) in patients (17.01 ± 1.34) than
in normal controls (18.57 ± 1.53).
Correlation analysis
The mRNA expression of RORɣt was correlated
positively with mRNA expression of IL-17A (r = 0.419,
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p = 0.041). Statistical analysis indicated that in patients,
IL-17A mRNA level was significantly correlated with
IL-22 mRNA level (r = 0.572, p = 0.003). However,
expression profiles were not affected by sex, age, and
liver enzyme tests.
DISCUSSION
Th17 cells represent an important subset of CD4+ T
cells, which are involved in protective immune response
to infectious agents, particularly, extracellular pathogens.
Nonetheless, uncontrolled or deranged Th17 cells activities
can influence the risk for development of autoimmune
disorders.10 Therefore, investigation of possible changes
in Th17-related molecules provides new hints to the
molecular mechanisms of the underlying autoimmunity.
Recent studies have established a complex relationship between Th17 cells and other types of effector cells
especially Th1 cells. They may act differentially or in
collaboration with other immune cells and any disturbances
that affect the balance between these cells and their
interactions may have a negative impact on the immune
system and may enhance vulnerability to a range of different autoimmune diseases.11
Th17 cells can be identified by the secretion of important effector cytokines including IL-17A and IL-22
and the transcription factor RORɣt is essential for the
generation of this lineage.12 Moreover, a dysregulated
Th17 cell activity, has been linked to different types of
autoimmune disorders.10 Therefore, quantitative analysis
of Th17-related gene expression patterns can be used to
elucidate the possible immunopathological mechanisms
involved in AIH.
The first step of the present study was to determine
the expression pattern of RORɣt in PBMCs of patients
with AIH. The results revealed increased transcript levels
of RORγt in patients compared with normal controls. To
our knowledge, this is the ﬁrst report for expression analysis of RORγt in PBMCs of patients with AIH. However,
according to a recent report by Mitra and colleagues,13
RORγt mRNA was significantly upregulated in whole
blood cells of patients with active disease compared
with FOXP3 as a lineage-specific marker of regulatory
T (Treg) cells.
This observation is also consistent with the results,
indicating higher percentage of IL-17–producing and
Middle East J Dig Dis/ Vol.11/ No.2/April 2019
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RORC+ cells within a fraction of CD4+ T cells that
expresses Tim3 (a receptor on CD4+ effector cells).14
Therefore, it is tempting to speculate that RORɣt may
play a role in the pathogenesis of AIH.
In the next step, the expression pattern of IL-17A and
IL-22 was determined in the PBMCs of the participants.
The results showed that mRNA levels of IL-17A and IL-22
were significantly increased in PBMCs of patients with
AIH compared with normal controls.
These results support earlier evidence from both
experimental models and clinical studies that indicate
increased expression of IL-17A and IL-22 transcripts
in patients with AIH. Researches have also revealed a
positive correlation between the levels of the above mentioned cytokines and severity of disease.6,15,16
Nonetheless, the exact role of these cytokines in the
pathogenesis of AIH is not well established yet. For instance, the results of murine experimental model of
concanavalin A (ConA)-induced AIH have shown that
IL-17-deficient mice develop the same level of liver injury
as wild-type mice.17 In contrast, the results from two independent research studies indicated that IL-17-deficient
mice had significant reduction in liver injury compared
with wild-type mice.18,19
Therefore, more attention must be paid to clarify the
actual cause of IL-17 alterations and its role in vulnerability or resistance to disease process. It seems that
IL-17 acts as a double-edged sword in AIH and has
complex characteristics in disease pathogenesis. This
issue is important because IL-17 receptors are expressed
ubiquitously on all types of liver cells (such as hepatocytes, Kupffer cells, stellate cells, and biliary epithelial
cells).20
The experimental results show that interactions between IL-17 and its receptor induce the expression of
multiple factors including acute phase C-reactive protein21
and several proinflammatory cytokines/chemokines in
liver cells, which may participate in liver inflammation.22
In contrast, there are reports indicating that IL-17 has
also the ability to ameliorate hepatocytes apoptosis.19
Therefore, further studies are needed to fully elucidate
the precise role of IL-17 in AIH.
Controversy also exists concerning the role of IL-22 in
the AIH. This product of immune cells can affect many
parts of the body including the liver.23 Similar to IL-17,
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IL-22 is a dual-function cytokine, which may act as a
hepatoprotective agent or may contribute to liver problems. The protective activities of IL-22 on the liver are
indicated by different studies. For instance, Zenewicz
and colleagues demonstrated that in vivo IL-22 could
protect hepatocytes against the damaging effects of immune cells in the inflamed liver.17 This hepatoprotective
effect of IL-22 has also been reported in an experimental
model of T-cell mediated hepatitis.24
These findings are not consistent with other studies
that show the participation of IL-22 in liver damage.
For instance, decreased liver inflammation and fibrosis
progression was indicated following IL-22 blockade.25
Moreover, a positive correlation was observed between
the severity of liver disease in patients with cirrhosis or
hepatitis B virus (HBV) and IL-22 level.25-27
These opposing effects of IL-22 may depend on different factors such as location of action, receptor expression
pattern, time of exposure, and dose.
The existence of different cellular sources of these
cytokines and the responding cell types are other factors
that complicate identification of the exact function of
this cytokine in the pathophysiological processes of liver
injury.
Another important challenge arises as a result of a
complex interaction between different immune cell
subtypes and their products. Therefore, it is difficult to
estimate the role that specific immune cells play in AIH.
This interpretation is supported by findings from previous studies that indicated increased mRNA expression
of Th1-related transcription factor (T-bet) and cytokine
(interferon-γ) in patients with AIH.28 These findings add
to a growing body of literature on the importance of
Th17 and Th1 cells responses in the development of human
autoimmunity.29,30
This study has some limitations that need to be discussed. The first is the lack of quantitative data concerning
the expression of Th17-related genes within the liver of
the patients with AIH. The second is the absence of any
experimental design for quantitative evaluation of the
treatment-related changes in RORɣt, IL-17A, and IL-22
mRNA expression levels. Comparison of the gene expression profiles before and after treatment will certainly
improve our understanding of the molecular mechanisms
of the disease process. Therefore, more studies are needed
Middle East J Dig Dis/ Vol.11/ No.2/April 2019

to determine the clinical importance of Th17 cells in the
pathogenesis of AIH.
In conclusion, the present study indicates a marked
increased expression of key transcription factor and
cytokines for Th17 cells in PBMCs of patients with
AIH. These data provide additional information about
the potential role of Th17 cells in the pathogenesis of
this important liver disease. However, further studies are
required to explain different factors that affect Th17 responses. These findings also offer the promise of novel
therapies through modulation of T cell products and
functions.
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