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ABSTRACT

Autoimmune hepatitis (AIH) is a rare severe liver disorder, which affects both children and adults worldwide. Studies have 
shown that AIH may result from the abnormal body’s immune system, which attacks own liver, and causes inflammation and 
liver damage. However, the exact cause of AIH is unclear. Recent studies have demonstrated that epigenetic regulations including 
microRNAs (miRNAs), long non-coding RNAs (lncRNAs), DNA methylation and histone modifications play an important role in 
disease pathogenesis. In this review, expression, regulation and functions of miRNAs in AIH were discussed. It has been shown 
that specific miRNAs such as miR-21, miR-29a, miR-122, miR-155, miR-221 and miR-223 are involved in the control of cytokine 
production and regulation of proliferation, apoptosis and functions of liver-infiltrating mononuclear cells, which may be responsible 
for AIH development. The results may provide insights into the basic mechanisms underlying the dysregulation of miRNAs in 
AIH that could lead to development of strategies for epigenetic and pharmacologic intervention.  Thus, such studies may lead to 
establishing a rapid diagnostic and prognostic method for early detection and effective treatment of AIH to prevent liver cancer. 
However, the underlying mechanisms in the expression, regulations and functions of miRNAs in AIH have not been understood and 
further studies will be necessary. 
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INTRODUCTION

Liver cancer has a global incidence of approximately 850,000 
cases and represents the fourth leading cause of cancer-related 
mortality [1]. In 2017, 40,710 new liver cancer cases and 28,920 
liver cancer deaths occurred in the United States [2]. Hepatocellular 
carcinoma (HCC) is the most common type of primary liver cancer, 
accounting for 80%-85% of all cases of primary liver cancer. 
Overall HCC incidence rates are increasing in recent years. HCC 
is the fifth most common cancer, and the third cause of mortality  

 
globally [3]. The lack of effective therapeutics in liver cancers and 
the high failure rate of the vast majority of drugs to date led some 
investigators to hypothesize that HCC is “not druggable” [4]. HCC 
occurs most often in people with chronic liver diseases, such as 
cirrhosis. Cirrhosis is commonly caused by autoimmune hepatitis 
(AIH), hepatitis B, hepatitis C, alcohol and the other liver disease. 
Thus, hepatitis and HCC are a tremendous burden for health-care 
systems and constitute a major challenge to clinicians.

https://dx.doi.org/10.38125/OAJBS.000234
https://biomedscis.com/
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Etiology and Heterogeneity of Hepatitis 

Hepatitis refers to inflammation in the liver tissue. Some people 
with hepatitis may have no symptoms, but others develop yellow 
discoloration of the skin and whites of the eyes, poor appetite, 
vomiting, tiredness, abdominal pain and diarrhea. Hepatitis may 
be acute or chronic. Acute hepatitis lasts for less than six months, 
and chronic hepatitis exists for more than six months. Acute 
hepatitis may resolve on its own, progress to chronic hepatitis, 
or rarely result in acute liver failure. However, chronic hepatitis 
may progress to scarring of the liver, liver failure, or liver cancer. 
It has been reported that approximately 10.0% of patients with 
chronic hepatitis developed cirrhosis, and 20.3% of the cases with 
compensated cirrhosis progressed to decompensated cirrhosis 
during a 5-year period. Ultimately, 6.5% of the people with cirrhosis 
and chronic hepatitis progressed to HCC [5].

The most common cause of hepatitis worldwide is viral 
infection. There are five main types of viral hepatitis: type A, B, C, D, 
and E. It has been reported that more than 240 million individuals 
worldwide are infected with chronic hepatitis B virus (HBV) [5]. 
Among individuals with chronic HBV infection who are untreated, 
15-40% progress to cirrhosis, which may lead to liver failure and 
liver cancer [6]. Hepatitis B and its related disorders are serious 
public health issues in undeveloped countries. National and 
regional prevalence ranges from over 10% in Asia to under 0.5% 
in the United States and Northern Europe. It is estimated that one-
third of 350-400 million individuals worldwide infected with HBV 
reside in China, with 130 million carriers and 30 million chronically 
infected [7].

AIH is another important cause of hepatitis. AIH is liver 
inflammation that occurs when your body’s immune system 
attacks own liver cells. The exact cause of AIH is unclear, but 
genetic and environmental factors appear to interact over time in 
causing the disease. It has been reported that acute exacerbation 
of AIH poses a significant challenge for diagnosis and can mimic 
acute viral hepatitis especially in absence of autoantibodies 
and hypergammaglobulinemia [8]. Furthermore, injection 
of Concanavalin A (ConA) into mice induces serious immune 
mediated-liver injury, which is similar to human viral infection and 
AIH [9]. Thus, the mouse model of AIH induced by ConA could be 
used in research to understand hepatitis pathogenesis.

Pathophysiological Mechanisms of AIH

AIH is a chronic illness of the liver characterized by hepatocellular 
inflammation and necrosis, leading to liver injury and dysfunction. 
AIH affects all ages, both sexes and all ethnic groups worldwide 
[10]. AIH is most prevalent in European populations. It has been 
reported that the rates of AIH are approximately from 0.1 to 1.9 per 
100,000 annually in Caucasian populations of Europe and North 
America, whereas AIH is considerably less frequent in Japan [11].

Symptoms of AIH may include fatigue, lethargy, malaise, 
anorexia, nausea, abdominal pain, itching and arthralgia. AIH may 
progress to fibrosis, cirrhosis, liver cancer or HCC [12-14]. Studies 
have shown that autoantibodies, particularly antinuclear antibodies 
(ANA), smooth muscle antibodies (SMA), liver kidney microsome 
type 1 antibodies and serum immunoglobulin (Ig)G, increased 
dramatically in AIH patients [15]. Besides, AIH patients display 
elevations in liver enzymes such as alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST), interface hepatitis 
on histology, and lymphocytic infiltration in the liver. Hepatocyte 
destruction in AIH is mediated by CD4+ T cells and CD8+ T cells 

[16]. Particularly, Th17 cells, Th22 cells and pro-inflammatory 
cytokines such as Interleukin 1 (IL-1) and IL-6 are involved in the 
destructive liver damage [17,18]. Increased IL-6/IL-12 resulted in 
the activation of STAT3 and STAT4 in hepatic CD4+CD25+ regulatory 
T cells (Tregs), thus suppressing Foxp3 gene expression to reduce 
the suppressive function of Tregs in the liver [19]. However, the 
pathogenesis of AIH has not been completely understood yet.

Both genetic and environmental factors may be involved in 
the pathogenesis of AIH [20]. Several reports discovered that gene 
polymorphisms of TNF-α and CTLA-4 and genes encoding human 
leucocyte antigens may play a role in AIH development [21,22]. 
Environmental factors such as diet, sunlight exposure, stress, 
medication (drugs and herbal agents), hygiene and pathogen 
infection may influence AIH pathogenesis [20,23]. 

Studies from AIH mouse model using intravenous injection 
of ConA into mice have shown that active CD4+ T lymphocytes 
in the spleen and liver infiltration of active CD4+ T lymphocytes 
were significantly increased in the ConA-treated group. Moreover, 
the pro-inflammatory cytokines TNF-α, IFN-γ, and IL-6 were 
elevated in the plasma as compared with the control group. These 
results were consistent with those from the clinical AIH patients. 
Therefore, ConA-induced AIH mouse model is decent for studying 
the mechanisms of AIH [24]. For instance, ConA-induced AIH mouse 
model was used to find out that activation of TRPV1 vanilloid 
receptors could induce myeloid-derived suppressor cells (MDSCs) 
and thus suppressed AIH [25].

Epigenetics is an exciting and emerging new area of research. 
Epigenetic mechanisms that are independent of genomic 
approaches have recently been shown to play a major role in 
immune activities, and consequently development and progression 
of diseases [26]. The epigenetic processes consist of changes in 
the noncoding regions of DNA due to methylation as well as post-
translational modification of histones by methylation, acetylation 
and deacetylation, and induction of non-coding RNAs including 
microRNAs (miRNAs) and long non-coding RNAs (lncRNAs). In 
this review, comprehensive data were collected from PubMed, 
ScienceDirect and the Web of Science databases utilizing the 
keywords “microRNAs”, “inflammation”, “fibrosis”, “cirrhosis” and 
“autoimmune hepatitis” in order to understand the expression, 
regulation and functions of miRNAs in autoimmune hepatitis.

Expression of miRNAs in Autoimmune Hepatitis

miRNAs are a group of small noncoding RNAs with 19-24 
nucleotides in length, which bind to target gene mRNAs via 
complementary binding to the 3-untranslated region (UTR) and 
thus regulate gene expression at the post-transcriptional level. 
Studies have shown that miRNAs are involved in the pathogenesis 
of liver diseases [27]. It has been reported that there are several 
liver-specific miRNAs in human, including miR-96, miR-122, 
miR-130, miR-183, miR-196 and miR-209, which may be used 
as markers for liver diseases [28,29]. Indeed, quantitative real-
time polymerase chain reaction (qRT-PCR) discovered that miR-
122, miR-192, miR-378 and let-7b increased significantly in the 
circulation of AIH patients, whereas miR-29a, miR-141, miR-218, 
miR-302b, miR-363, miR-518f, miR-523, miR-573, miR-628-5p, 
miR-643 and miR-888 significantly decrease in serum samples 
from AIH patients [30]. Microarray analysis revealed that 11 
miRNAs including miR-21-5p, miR-99a-5p, miR-122-5p, miR-
193b-3p, miR-602, miR-1199-5, miR-1290, miR-1908-3p, miR-
1915-5p, miR-4732-5p and miR-6073 were up-regulated, but 16 
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miRNAs including miR-223-3p, miR-451a, miR-486-5p, miR-575, 
miR-1207-5p, miR-4443, miR-4476, miR-4638-5p, miR-4648, miR-
6511a-5p, miR-6763-5p, miR-6765-3p, miR-6820-5p, miR-6877-
5p, miR-6889-5p and miR-7150 were down-regulated in the serum 
samples from patients with type-1 AIH [31]. Interestingly, miR-155 
was remarkably up-regulated in the liver, but down-regulated in 
peripheral blood mononuclear cells (PBMCs) from AIH patients [4]. 
However, miRNA-122 was significantly down-regulated in the liver 
biopsy samples, but up-regulated in the serum samples from AIH 
patients [30,32].  In addition, miR-674-5p was found to be down-

regulated in Con A-damaged mouse liver [33]. However, miR-155 
was up-regulated in liver tissues after 48 h exposure to ConA [34]. 
Our analysis discovered that many miRNAs including miR-34c-3p, 
miR-660-3p, miR-1972, 4659a-3p, miR-6832-5p and miR-8068 
were up-regulated, but several miRNAs such as miR-122, miR-126, 
miR-146 and miR-937-3p were down-regulated in AIH mice (Figure 
1). Thus, unique miRNAs may be expressed and play an important 
role in both AIH patients and mouse model, and such miRNAs may 
be used as biomarkers and therapeutic targets for AIH (Table 1).

Figure 1: Change pattern of miRNA expression in Con A-induced autoimmune hepatitis mice. Liver tissues were 
collected from C57BL/6 mice at 16 h after Con A injection. Liver tissues were used in the preparation of total RNA 
samples and then the total mRNA samples were used in RNA sequencing by Illumina NextSeq 500 system. The 
sequence data were analyzed using the Galaxy web-based platform (https://usegalaxy.org/).  Based on the 
changes of gene expression, the changes of expression level of miRNAs were determined using the Ingenuity 
Pathway Analysis® software (IPA; Ingenuity Systems, www.ingenuity.com). Each vertical line represented a single 
miRNA in the figure.

Table 1: Dysregulation of miRNAs in autoimmune hepatitis.

miRNA Species Tissue Dysregulation Functions Reference

miR-21 Human Serum Up-regulation Cytokine production, proliferation of CD4+, 
CD8+ and Th17 cells [52-54,154]

miR-21-5p Human Serum Up-regulation [31]

miR-29a Human Serum Down-regulation
Target TLR2 and TLR4, suppression 

of cytokine production, Th1 and Th17 
differentiation and macrophage activation

[30,67-69]

miR-99a-5p Human Serum Up-regulation [31]

miR-122 Human Serum Up-regulation [30,154]

miR-122 Human Liver Down-regulation Target TLR4, suppression of innate 
immunity [32,88]

miR-122-5p Human Serum Up-regulation [31]

miR-141 Human Serum Down-regulation [30]

miR-155 Human Liver Up-regulation Proliferation and functions of CD8+, Th1, 
Th17 and B cells [4,109]

miR-155 Human PBMCs Down-regulation Target SHIP1 [4]

miR-155 Mouse Liver Up-regulation Production of pro-inflammatory cytokines [34]

miR-192 Human Serum Up-regulation [30]

miR-193b-3p Human Serum Up-regulation [31]

miR-218 Human Serum Down-regulation [30]

miR-223-3p Human Serum Down-regulation [31]
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miR-302b Human Serum Down-regulation [30]

miR-363 Human Serum Down-regulation [30]

miR-378 Human Serum Up-regulation [30]

miR-451a Human Serum Down-regulation [31]

miR-486-5p Human Serum Down-regulation [31]

miR-518f Human Serum Down-regulation [30]

miR-523 Human Serum Down-regulation [30]

miR-573 Human Serum Down-regulation [30]

miR-575 Human Serum Down-regulation [31]

miR-602 Human Serum Up-regulation [31]

miR-628-5p Human Serum Down-regulation [30]

miR-643 Human Serum Down-regulation [30]

miR-674-5p Mouse Liver Down-regulation [33]

miR-888 Human Serum Down-regulation [30]

miR-1199-5p Human Serum Up-regulation [31]

miR-1207-5p Human Serum Down-regulation [31]

miR-1290 Human Serum Up-regulation [31]

miR-1908-3p Human Serum Up-regulation [31]

miR-1915-5p Human Serum Up-regulation [31]

miR-4443 Human Serum Down-regulation [31]

miR-4476 Human Serum Down-regulation [31]

miR-4638-5p Human Serum Down-regulation [31]

miR-4648 Human Serum Down-regulation [31]

miR-4732-5p Human Serum Up-regulation [31]

miR-6073 Human Serum Up-regulation [31]

miR-6511a-5p Human Serum Down-regulation [31]

miR-6763-5p Human Serum Down-regulation [31]

miR-6765-3p Human Serum Down-regulation [31]

miR-6820-5p Human Serum Down-regulation [31]

miR-6877-5p Human Serum Down-regulation [31]

miR-6889-5p Human Serum Down-regulation [31]

miR-7150 Human Serum Down-regulation [31]

let-7b Human Serum Up-regulation Inhibition of pro-inflammatory cytokines [30,153]

Regulation of miRNAs in Autoimmune Hepatitis

It is interesting to found out that glucocorticoid treatment 
induced a significant decrease of circulating miR-21 and miR-122 
in AIH patients [35]. Other studies discovered that corticosteroid 
therapy led to not only the up-regulation of 16 miRNAs including 
miR-23a-5p, miR-204-3p, miR-4294, miR-4450, miR-4476, miR-
4478, miR-4525, miR-4665-5p, miR-4733-3p, miR-4769-5p, miR-
6076, miR-6889-5p, miR-6891-5p, miR-7109-5p, miR-7150 and 
miR-7641, but also the down-regulation of 10 miRNAs such as miR-
21-5p, miR-92a-3p, miR-122-5p, miR-602, miR-1915-5p, miR-1246, 
miR-1290, miR-1908-3p, miR-4732-5p and miR-6073 in the sera of 

patients with type-1 AIH [31]. Following treatment of galectin9, a 
potential therapeutic agent for AIH, 11 miRNAs including miR-133c, 
miR-341-5p, miR-361-3p, miR-365-3p, miR-544-3p, miR-598-5p, 
miR-706, miR-760-5p, miR-783a-5p, miR-1982-5p and miR-6405 
were significantly up-regulated, but 12 miRNAs including miR-
127-3p, miR-142-5p, miR-181b-5p, miR-331-5p, miR-346-5p, miR-
669d-5p, miR-718, miR-1899, miR-1981-3p, miR-3091-3p, miR-
3961 and miR-6335 were significantly down-regulated in liver cells 
from mice challenged with Con A [9]. These results suggest that 
therapeutic agents may regulate the expression of specific miRNAs 
and thus play a role in the treatment of AIH, and specific miRNAs 
may probably be ideal therapeutic targets for AIH (Table 2).
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Table 2: Effects of drug treatments on the expression of miRNAs in autoimmune hepatitis.

Drug Treatment Species Tissue miRNA Effects Reference

Glucocorticoid Human Serum miR-21 Decrease [35]

Corticosteroid Human Serum miR-21-5p Decrease [31]

Corticosteroid Human Serum miR-23a-5p Increase [31]

Corticosteroid Human Serum miR-92a-3p Decrease [31]

Glucocorticoid Human Serum miR-122 Decrease [35]

Corticosteroid Human Serum miR-122-5p Decrease [31]

Galectin9 Mouse Liver miR-127-3p Decrease [9]

Galectin9 Mouse Liver miR-133c Increase [9]

Galectin9 Mouse Liver miR-142-5p Decrease [9]

Galectin9 Mouse Liver miR-181b-5p Decrease [9]

Corticosteroid Human Serum miR-204-3p Increase [31]

Galectin9 Mouse Liver miR-331-5p Decrease [9]

Galectin9 Mouse Liver miR-341-5p Increase [9]

Galectin9 Mouse Liver miR-346-5p Decrease [9]

Galectin9 Mouse Liver miR-361-3p Increase [9]

Galectin9 Mouse Liver miR-365-3p Increase [9]

Galectin9 Mouse Liver miR-544-3p Increase [9]

Galectin9 Mouse Liver miR-598-5p Increase [9]

Corticosteroid Human Serum miR-602 Decrease [31]

Galectin9 Mouse Liver miR-669d-5p Decrease [9]

Galectin9 Mouse Liver miR-706 Increase [9]

Galectin9 Mouse Liver miR-718 Decrease [9]

Galectin9 Mouse Liver miR-760-5p Increase [9]

Galectin9 Mouse Liver miR-783a-5p Increase [9]

Galectin9 Mouse Liver miR-1899 Decrease [9]

Corticosteroid Human Serum miR-1915-5p Decrease [31]

Corticosteroid Human Serum miR-1246 Decrease [31]

Corticosteroid Human Serum miR-1290 Decrease [31]

Corticosteroid Human Serum miR-1908-3p Decrease [31]

Galectin9 Mouse Liver miR-1981-3p Decrease [9]

Galectin9 Mouse Liver miR-1982-5p Increase [9]

Galectin9 Mouse Liver miR-3091-3p Decrease [9]

Galectin9 Mouse Liver miR-3961 Decrease [9]

Corticosteroid Human Serum miR-4294 Increase [31]

Corticosteroid Human Serum miR-4450 Increase [31]

Corticosteroid Human Serum miR-4476 Increase [31]

Corticosteroid Human Serum miR-4478 Increase [31]

Corticosteroid Human Serum miR-4525 Increase [31]

Corticosteroid Human Serum miR-4665-5p Increase [31]

Corticosteroid Human Serum miR-4732-5p Decrease [31]

Corticosteroid Human Serum miR-4733-3p Increase [31]

Corticosteroid Human Serum miR-4769-5p Increase [31]

Corticosteroid Human Serum miR-6073 Decrease [31]

Corticosteroid Human Serum miR-6076 Increase [31]

Galectin9 Mouse Liver miR-6335 Decrease [9]
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Galectin9 Mouse Liver miR-6405 Increase [9]

Corticosteroid Human Serum miR-6889-5p Increase [31]

Corticosteroid Human Serum miR-6891-5p Increase [31]

Corticosteroid Human Serum miR-7109-5p Increase [31]

Corticosteroid Human Serum miR-7150 Increase [31]

Corticosteroid Human Serum miR-7641 Increase [31]

Functions of miRNAs in Autoimmune Hepatitis

Figure 2: Pathway analysis of miRNAs dysregulated in Con A-induced autoimmune hepatitis mice. The expression 
changes of miRNAs dysregulated in liver tissues from Con A-injected mice were determined by RNA sequencing. 
The pathways of targets of miRNAs dysregulated in Con A-injected mice were analysed using the Ingenuity Pathway 
Analysis® Platform (IPA; Ingenuity Systems, www.ingenuity.com). The pathways of β-catenin (A), CASP3 (B) and BCL2 
(C) targeted by miRNAs dysregulated in Con A-injected mice were presented. miRNAs marked in red represented 
the up regulation, whereas those marked in green represented the downregulation.

Figure 3: Expression and function of miRNAs in autoimmune hepatitis progression. Autoimmune hepatitis may lead 
to the development of fibrosis, and further progress to cirrhosis and HCC. Specific miRNAs were dysregulated and 
played an important role in the progress of autoimmune hepatitis. Upwards arrows represented the up regulation 
of specific miRNAs, and downwards arrows represented the downregulation of specific miRNAs in the stage of 
autoimmune disease progress.

It has been reported that inhibition of miR-155 by antagomir-155 
blocked Th17-cells-mediated production of pro-inflammatory 
cytokines IL-17A and IL-23, and thus reduced ConA-induced liver 

injury in mice [34].  The results indicated that microRNA-155 may 
be a fascinating therapeutic target of AIH. In addition, exosomal 
miR-223 could prevent liver injury in an AIH experimental model 
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[36]. Limited data suggest that specific miRNAs indeed are good 
targets for AIH treatment. Interestingly, our analysis using the 
Ingenuity Pathway Analysis® software (IPA; Ingenuity Systems, 
www.ingenuity.com) discovered that several up-regulated miRNAs 
such as miR-122b-3p, miR-503-3p and miR-743a-5p in ConA-
induced mice could target β-catenin, suggesting that miRNAs 
may regulate Wnt/β-catenin signaling pathway and thus affect 
AIH pathogenesis (Figure 2). Moreover, the other up-regulated 
miRNAs such as miR-124-5p, miR-126a-5p, miR-137-3p and miR-
140-5p could target CASP3, whereas up-regulated miRNAs such 
as miR-23a-3p, miR-182-5p, miR-204-5p, miR-330-5p and miR-
345-5p could target BCL2, indicating that miRNAs may regulate 
cell apoptosis and thus affect AIH pathogenesis in mice (Figure 
2). These results suggest that specific miRNAs may be expressed 
and play a role in AIH progression (Figure 3). Below, we discuss 
the individual roles played by the different miRNAs involved in AIH.

miR-16

miR-16 is a member of miR-15 gene family [37]. miR-16 could 
inhibit the expression of PD-L1 and thus induced M1 differentiation 
of mouse peritoneal macrophages, which activate purified CD4+ 
T cells in vitro [38]. It has also been reported that miR-16 could 
target and inhibit the expression of the silencing mediator for 
retinoid and thyroid hormone receptor (SMRT), leading to the 
activation of NF-κB signaling pathway and increased production of 
pro-inflammatory cytokines including IL-8, IL-6, and IL-1α [39]. In 
addition, lipopolysaccharide (LPS) could up-regulate miR-16 and 
decrease SMAR expression, and thus induced inflammatory liver 
injury in mice [39,40]. Furthermore, serum levels of miRNA-16 
were significantly increased in chronic hepatitis C (CHC) patients 
with early and late stages of liver fibrosis, suggesting that miR-16 
could be used in the detection of liver fibrosis [41]. Therefore, it is 
possible that miR-16 may play a role in AIH.

miR-21

miR-21 was one of the first mammalian microRNAs identified 
and target many genes such as BCL2, IL-12p35 and PTEN [42,43]. 
Serum levels of miR-21 were significantly down-regulated as fibrosis 
progressed from early fibrosis to late fibrosis in the patients with a 
chronic HBV infection, suggesting that miR-21 could be used as a 
biomarker for fibrosis progression [44]. However, Demerdash et 
al.  [45] reported that plasma miR-21 levels increased continuously 
with the progression of liver fibrosis and development of HCC. miR-
21 could be used as a potential biomarker for fibrosis progression 
and early detection of HCC [45,46]. miR-21 was significantly 
increased in surgically removed formalin-fixed paraffin-embedded 
liver samples from patients with cirrhosis and HCC, and the up-
regulation of miR-21 in the liver was associated with the progression 
of cirrhosis and HCC [47]. miR-21 may target smad family member 
7 (SMAD7) and thus promote the proliferation and invasion of HCC 
cells [48]. Therefore, miR-21 may be used as diagnostic marker for 
HCC [49]. As compared with CHC patients and healthy controls, 
circulating levels of miR-21 were significantly increased in AIH 
patients and significantly correlated with the histological grades of 
inflammation in AIH [31]. It has been reported that miR-21 targeted 
MyD88 and interleukin-1 receptor-associated kinase 1(IRAK1), 
and thus was involved in the regulation of immune system and 
inflammatory response [50,51]. miR-21 could regulate the PTEN/
Akt pathway and activate CD4+ and CD8+ T cells; miR-21 knockout 
in mice suppressed the proliferation of both CD4+ and CD8+ T cells 
and deceased their cytokine production [52]. The overexpression 
of miR-21 increased Th17 cell differentiation, but decreased the 
production of Treg cells [53,54]. These reports suggest that up-

regulated miR-21 plays a central role in AIH pathogenesis by means 
of the regulation of cytokines, CD4+ T cells, CD8+ T cells, Th17 and 
Treg cells.

miR-26a

It has been shown that miR-26a is usually down-regulated in 
cancer cells and tumor tissues [55,56]. miR-26a may target c-Myc, 
cyclin D2, cyclin E2, cyclin-dependent kinase 4 (CDK4), CDK6, PTEN 
and thus play an inhibitory roles in cancer cell growth, proliferation, 
survival, metastasis and invasion [56-58]. miR-26a also plays a 
role in the regulation of immune responses. It has been reported 
that miR-26a directly targeted suppressor of cytokine signaling 5 
(SOCS5) and ubiquitin-specific protease 3 (USP3), and thus induced 
the phosphorylation of STAT1 and activated type I IFN signaling 
pathway and production of IFN-stimulated genes [59,60]. miR-26a 
could inhibit the function of autoreactive T cells and increased the 
differentiation of Treg cells in vivo and in vitro [61]. miR-26a also 
targeted the transcription factor KLF4 and thus regulate the innate 
immune signaling [62]. Serum miR-26a levels were significantly 
down-regulated in patients with severe cirrhosis and negatively 
correlated with severity of cirrhosis in chronic HBV patients [63]. 
The expression and role of miR-26a in AIH have not been clear so 
far.

miR-29a

miR-29a was previously known as miR-29. miR-29 family 
has three members, miR-29a, miR-29b and miR-29c. It has 
been well documented that miR-29a targets many genes such as 
CDK2, MUC1and PTEN and is involved in the control of cancer 
cell proliferation, apoptosis, metastasis and carcinogenesis [64]. 
miR-29a also play an important role in the regulation of immune 
responses [65]. For instance, miR-29a could target interferon 
alpha and beta receptor subunit 1 (IFNAR1) and inhibit IFNAR1 
expression, leading to the inhibition of type-I IFN-dependent 
immune responses [66]. Serum levels of miR-29a were significantly 
down-regulated as fibrosis progressed from early fibrosis to late 
fibrosis in the patients with a chronic HBV infection, suggesting that 
miR-29a could be used as a biomarker for fibrosis progression [44]. 
It has been reported that miR-29a could inhibit TLR2 and TLR4 
signaling pathways and thus protect against liver fibrosis [67]. 
TLR2 and TLR4 signaling pathways played a critical in cytokine 
production, Th1 and Th17 differentiation and macrophage 
activation [68,69]. In the patients with AIH, miR-29a was down-
regulated in the serum samples [30]. Down-regulation of miR-29a 
may increase immune responses and promote disease progression 
of AIH to liver fibrosis.

miR-30b-5p

miR-30b-5p or miR-30b has been shown to be a tumor-
suppressor miRNA but acts as an oncogene in some cancers [70,71]. 
miR-30b-5p could target MTDH and HOXA1 and thus inhibit cancer 
cell growth, proliferation and invasion [72]. miR-30b-5p targeted 
SOCS3 and thus suppressed the production of cytokines such as IL-
6, IL-8 and TNF-α, leading to the attenuation of acute lung injury 
inflammation [73]. miR-30b-5p may also target IL-6R. Compared 
with hepatitis B patients with liver fibrosis, miR-30b-5p decreased, 
but IL-6R increased in the patients with liver cirrhosis [74]. Thus, 
miR-30b-5p may be involved in the progression from liver fibrosis 
to cirrhosis. In addition, miR-30b-5p could target Nod-like receptor 
(NLR) family pyrin domain containing 3 (NLRP3) and thus inhibit 
liver inflammation in the injured liver [75]. Therefore, miR-30b-5p 
may play a role in AIH pathogenesis.
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miR-34a

miR-34a was considered as a tumor suppressor miRNA and 
played a role in cancer and cardiovascular disease [76,77]. miR-
34a could target BCL-2 and increase apoptosis. miR-34a targeted 
leucine rich repeat containing G protein-coupled receptor 4 (LGR4), 
induced GSK-3β-induced p65 serine 468 phosphorylation, activated  
the NF-κB signaling pathway, leading to the increased production of 
inflammatory chemokines and cytokines, enhanced inflammation 
and delayed wound healing [78]. miR-34a also targeted multiple 
genes involved in T cell immune responses [79]. For example, mR-
34a could targeted FoxP3 and inhibit Treg cell differentiation and 
function, leading to the excessive immune responses; whereas pro-
inflammatory cytokines IL-6 and TNF-α could bind to the promoter 
of miR-34a and increase miR-34a expression [80]. It has been 
reported that miR-34a was significantly up-regulated in the serum 
from patients with cirrhosis as compared with healthy individuals, 
suggesting that miR-34a could be used in the detection of liver 
cirrhosis [81]. The result suggested that miR-34a could be involved 
in AIH pathogenesis.

miR-122

Animal studies has shown that miR-122 is abundantly expressed 
in the liver and involved in the regulation of fatty-acid metabolism 
[82,83]. miR-122 may target several genes including ADAM10, 
ADAM17, CCNG1 and IGF1R and thus inhibit the expression of 
these target genes [84]. It has been reported that miR-122 was 
down-regulated in HCC as compared with normal liver and over-
expression of miR-122 decreased tumorigenesis of HCC cell lines 
[85]. Thus, miRNA-122 is considered as a tumor suppressor gene 
[86].

It has been reported that miR-122 was significantly up-
regulated in the serum from patients with cirrhosis as compared 
with healthy individuals [81]. The result suggested that miR-
122 could be used in the detection of liver cirrhosis. Demerdash 
et al. [45] also reported that plasma miR-122 levels increased 
continuously with the progression of liver fibrosis and miR-122 
could be used as a potential biomarker for fibrosis progression. 
However, miR-122 was down-regulated in fibrotic liver biopsies 
and negatively correlated with fibrosis stage [32,87].

miR-122 targeted TLR4 and thus regulated the innate 
immunity [88]. miR-122 targeted MERTK, FGFR1 and IGF1R, three 
receptor tyrosine kinases (RTKs) that directly promoted STAT3 
phosphorylation, and thus inhibited the phosphorylation (Tyr705) 
of STAT3, leading to the suppression of the RTKs/STAT3 signaling 
pathway and hepatocyte innate immunity [89]. In patients with 
AIH, miRNA-122 was significantly down-regulated in the liver 
biopsies, but increased in the serum [30,32]. Serum levels of miR-
122 were also significantly down-regulated in AIH patients with 
liver cirrhosis and were inversely correlated with increased stages 
of fibrosis [31]. Therefore, miR-122 could play a protective role in 
the control of AIH pathogenesis.

miR-143

miR-143 has been found to play an important role in 
angiogenesis, cardiac morphogenesis and tumorigenesis [90-92]. 
miR-143 is also involved in inflammation and infection [92]. For 
instance, miR-143 targeted glucose transporter 1 (Glut-1) and over-
expression of miR-143 could significantly promote central memory 
T CD8+ cell differentiation, suppress cell apoptosis, and increase 
pro-inflammatory cytokine production [93]. Serum levels of miR-

143 were significantly down-regulated as fibrosis progressed from 
early fibrosis to late fibrosis in the patients with a chronic hepatitis 
B virus (HBV) infection, suggesting that miR-143 could be used as 
a biomarker for fibrosis progression [44]. Therefore, miR-143 may 
play a role in AIH pathogenesis.

miR-146a

It has been shown that miR-146a (previous miR-146) play a 
critical role in the regulation of inflammation and other process 
involved in the innate immune system [94]. It has been reported 
that miR-146a induced Th1-biased immune response [95]. miR-
146a could target tumor-necrosis factor receptor-associated factor 
6 (TRAF6), leading to the suppression of NF-κB signaling pathway 
and inhibition of inflammatory cytokines such as IL-6, IL-8 and 
TNF-α [96]. miR-146a also targeted STAT1, and up-regulation 
of miR-146a decreased NK cell-mediated cytotoxicity and the 
production of IFN-γ and TNF-α, leading to the suppression of NK 
cell functions in the liver [97]. miR-146a up-regulated significantly 
in NK cells from chronic HBV-infected patients and HCC patients 
as compared with healthy controls [97]. It has also been reported 
that serum levels of miR-146a were significantly increased in CHC 
patients with early and late stages of liver fibrosis, suggesting that 
miR-146a could be used in the detection of liver fibrosis [41]. The 
results suggested that miR-146a could be involved in the regulation 
of AIH pathogenesis.

miR-150

miR-150 may target several genes such as Akt1, Akt2, c-Myb and 
forkhead box O1 (FOXO1) [98-100]. miR-150 has been identified 
to be associated with cancer and infection diseases such as sepsis 
[101,102] and miR-150 levels in the plasma could be used as a 
biomarker of HCC and early sepsis [102,103]. miR-150 also played 
an important role in hematopoiesis, particularly in the promotion 
of megakaryocyte, B cell, NK cell and T cell differentiation and 
functions [104-106]. miR-150 has been found out to be involved 
in autoimmune diseases such as diabetes, multiple sclerosis and 
rheumatoid arthritis [106]. As compared with non-cirrhotic HCV 
patients, serum levels of miR-150 significant down-regulated in 
cirrhotic HCV patients [107]. However, the expression and function 
of miR-150 in AIH have not been clear yet.

miR-155

It has been well documented that miR-155 plays a critical role 
in health and numerous diseases such as cancer, cardiovascular 
and inflammation diseases [108]. It has been reported that miR-
155 increased the proliferation, survival, cytokine production 
and functions of B cells, CD8+ T cells, Th1 cells, Th17 cells and 
follicular T helper cells (Tfh), but decreased the differentiation 
and functions of Th2 cells [109]. HBeAg could regulate PI3K and 
NFB signal pathways and thus increase miR-155 expression in 
macrophages. Consequently, miR-155 targeted BCL-6, SHIP-1 and 
SOCS1 and increased the production of inflammatory cytokines 
such as TNF-α and IL-6 in HBeAg-stimulated RAW264.7 cells, 
leading to liver injury [110]. miR-155 also targeted SOCS1 and 
thus down-regulation of miR-155 increased SOCS1 expression and 
decreased IFN-γ production in NK cells from chronic hepatitis B 
patients [111].  In ConA-induced AIH mouse model, miR-155 was 
significantly up-regulated in liver tissues after 48 h exposure to 
ConA. Antagomir-155 suppressed the differentiation of Th17 cells 
in the livers of AIH mice, inhibited production of pro-inflammatory 
cytokines IL-17A and IL-23, and attenuated ConA-induced liver 
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injury in mice [34]. It has been reported that miR-155 was 
significantly up-regulated in the liver but decreased in peripheral 
blood mononuclear cells from patients with AIH. miR-155 was also 
found to be associated with liver fibrosis progression [4,112]. The 
results demonstrated that up-regulated miR-155 may induce pro-
inflammatory responses and thus promote AIH pathogenesis.

miR-182

The expression and function of miR-182 (miR-182-5p) in 
tumor cells are controversial because it can be a tumor suppressor 
or an oncogene [113]. In glioblastoma, miR-182 targeted Bcl2-
like12 (Bcl2L12) and thus induced tumor cell apoptosis. miR-182 
targeted c-Met and thus inhibited the division and growth of tumor 
cells. Also, miR-182 targeted hypoxia-inducible factor 2α (HIF2A) 
and thus induced tumor cell differentiation [114]. However, miR-
182 could target FOXO3a and thus promote HCC progression [113]. 
It has been also reported that miR-182 could target FOXO1 and thus 
increase the clonal expansion of activated Th cells [115]. Recently, 
miR-182 was found out to be able to target the surfactant protein 
D (SP-D) and thus increased the production of intestinal TNF-α 
and IL-6, leading to intestinal injury in Staphylococcus aureus 
pneumonia-induced sepsis mice [116]. As compared with non-
cirrhotic HCV patients, serum levels of miR-182 significant down-
regulated in cirrhotic HCV patients [107]. These results indicated 
that miR-182 could be involved in AIH pathogenesis.

miR-221

It has been documented that miR-221 may increase cancer 
cell proliferation, survival, invasion and tumorigenesis [117]. 
miR-221 played an important role in the promotion of mast cell 
proliferation, degranulation, cytokine production and adherence, 
which were associated with asthma, allergy and mastocytosis 
[118]. miR-221 could also target SOCS1 and thus increase STAT1 
phosphorylation and decrease STAT3 phosphorylation, leading 
to M1 macrophage polarization and inflammatory responses 
[119]. It has been reported that serum levels of miRNA-221 were 
significantly increased in CHC patients with early and late stages 
of liver fibrosis, suggesting that miRNA-221 could be used in the 
detection of liver fibrosis [41]. miR-221 was also up-regulated in 
patients with autoimmune diseases [120]. Therefore, it is possible 
that miR221 may be associated with AIH pathogenesis.

miR-222

miR-222 and miR-221 are two highly homologous miRNAs, 
which have similar functions in cancer [121]. It has also been 
reported that serum levels of miRNA-222 were significantly 
increased in CHC patients with early and late stages of liver fibrosis, 
suggesting that miRNA-222 could be used in the detection of liver 
fibrosis [41]. miR-222 was significantly increased in surgically 
removed formalin-fixed paraffin-embedded liver samples from 
patients with cirrhosis and HCC, and the up-regulation of miR-
222 in the liver was associated with the progression of cirrhosis 
and HCC [47]. miR-222 could target the protein phosphatase 2A 
subunit B (PPP2R2A) and thus activate AKT signaling pathway, 
leading the progression of HCC [122]. However, the expression and 
function of miR-222 in immune cells and inflammatory responses 
have not been understood. miR-222 was up-regulated in patients 
with autoimmune diseases [120]. miR-222 was also up-regulated 
in PBMC from sepsis patients and mice, inhibited the expression 
of a subset of inflammatory genes such as IL-6, IL-12 and TNF and 
increased immunoparalysis and organ damage [123]. The results 
suggested miR-222 may play a role in AIH pathogenesis.

miR-223

miR-223 (miR-223-3p) has been shown to play an important 
role in cancer, infection and autoimmune diseases [124]. miR-223 
may also be involved in the regulation of immune responses and 
autoimmune diseases [125]. It has been reported that miR-223 
targeted STAT1, and thus inhibited STAT1 expression and STAT1-
dependent signaling pathway in human T cells [126]. miR-223 
targeted STAT3 and thus blocked TLR2 and TLR4 signaling pathways 
and inhibited the production of the pro-inflammatory cytokine IL-6 
[127]. miR-223 could regulate neutrophil infiltration, macrophage 
polarization and inflammasome activation and thus play a role in 
the pathophysiology of liver diseases [128]. For example, serum 
levels of miR-223 were significantly down-regulated as liver fibrosis 
progressed from early fibrosis to late fibrosis in the patients with 
a chronic HBV infection, suggesting that miR-223 could be used 
as a biomarker for fibrosis progression [44]. However, Shaker et 
al. [87] reported that serum levels of miR-223 were significantly 
up-regulated in HCV patients with significant fibrosis, severe 
fibrosis and cirrhosis as compared with HCV patients with no or 
mild fibrosis. Importantly, miR-223 could inhibit the expression 
of NLRP3 and caspase-1, and thus decrease liver injury in mouse 
model of AIH [36]. miR-223 could also target STAT3, ameliorate the 
inflammatory responses and be used in the treatment of AIH [129]. 
Therefore, miR-223 may play an imperative role in the prevention 
and treatment of AIH.

miR-374

miR-374 may be involved in many biological processes and 
disease pathogenesis such as cell growth and differentiation, 
epilepsy, reproductive disorders, kidney failure and various 
cancers [130]. miR-374 may also be associated with the regulation 
of immune responses [131]. Serum levels of miR-374 were 
significantly down-regulated as fibrosis progressed from early 
fibrosis to late fibrosis in the patients with a chronic HBV infection, 
suggesting that miR-374 could be used as a biomarker for fibrosis 
progression [44]. However, the expression and function of miR-374 
in AIH pathogenesis have been unknown so far.

miR-885-5p

It has been reported that miR-885-5p was significantly 
increased in the sera of patients with liver diseases such as CHB, 
HCC and liver cirrhosis as compared with normal controls [132]. 
It is reported that miR-885-5p was significantly down-regulated 
in HCC tissues and cell lines. miR-885-5p targeted hexokinase 2 
(HK2) and thus inhibited glucose uptake, lactate production and 
glycolysis, leading to the suppression of HCC cell proliferation, 
growth and migration and induction of apoptosis in vitro and 
in vivo [133]. miR-885-5p targeted β-catenin CTNNB1 and thus 
inhibited the activity of Wnt/beta-catenin signaling pathway, 
leading to the suppression of metastasis of HCC cells in vitro and in 
vivo and inhibition of HCC progression [134]. miR-885-5p was also 
down-regulated significantly in neuroblastoma, targeted CDK2 and 
mini-chromosome maintenance protein (MCM5) and thus induced 
cell cycle arrest, senescence and apoptosis of neuroblastoma 
cells [135]. Furthermore, Amaral et al. [81] reported that miR-
885-5p was significantly up-regulated in the serum from patients 
with cirrhosis as compared with healthy individuals. The result 
suggested that miR-885-5p could be used in the detection of liver 
diseases. miR-885-5p also targeted SOCS5, SOCS6 and SOCS7, three 
suppressor of cytokine signaling genes, suggesting that miR-885-
5p may affect cytokine production [136]. Therefore, miRNA-885-5p 
may be involved in AIH pathogenesis.
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miR-942

miR-942 has been shown to play a promotive role in cancer 
development [137,138]. For example, miR-942 was significantly up-
regulated in HCC tissues from HCC patients, targeted ribonucleotide 
reductase regulatory TP53 inducible subunit M2B (RRM2B) and 
thus inhibited the expression of the early growth response protein 
1 (Egr-1) and PTEN and increased the expression of N-cadherin, 
MMP-2 and MMP-9, leading to significantly enhancement of HCC 
cell proliferation, migration, invasion and tumor progression [139]. 
In addition, TGF-β and LPS induced NF-κB/p50 expression, NF-κB/
p50 bound to the promoter of miR-942 and increased miR-942 
expression, miR-942 targeted bone morphogenetic protein and 
activin membrane-bound inhibitor (BAMBI) and thus promoted 
liver fibrosis progression [140]. These results suggested that miR-
942 may play a role in AIH pathogenesis. However, the expression 
and function of miR-942 in immune responses have not been 
reported so far.

let-7a-1

Lethal-7 (let-7) cluster is composed of let7-a-1, let-7d-1 and 
let-7f-1. It has been reported that let-7a-1 was significantly up-
regulated in the serum of HCV liver cirrhosis patients as compared 
with HCV non-cirrhosis patients [141]. Moreover, let-7a-1 was 
significantly down-regulated in the serum of HCV-HCC patients as 
compared with HCV non-HCC cirrhotic patients [141]. The result 
suggested that let-7a-1 could be used in the detection of liver 
cirrhosis and HCC. It has also been reported that let-7a-1 could 
be involved in the promotion of T cell-independent (TI) antigen-
induced immunoglobulin (Ig)M antibody production in B cells 
[142]. Let-7a-1 could target Tet methylcytosine dioxygenase 2 
(Tet2) and thus increased IL-6 production in macrophages [143]. 
These results suggested that let-7a-1 may be associated with AIH 
pathogenesis.

let-7b

It has been shown that let-7b (let-7b-5p) may play an important 
role in many biological processes and diseases including immune 
responses, neural cell differentiation and cancer [144-146]. Let-
7b was found out to be down-regulated in the tumor tissues from 
different cancer patients [147-149]. Let-7b could target β-catenin 
and c-Myc and thus inhibit Wnt/β-catenin signaling pathway 
and suppress HCC cell proliferation [149]. Let-7b could target 
neuroblastoma RAS viral oncogene homolog (NRAS) and thus 
inhibit the Ras/Rho signaling pathway, leading to the suppression 
of prostate cancer cell proliferation, invasion and tumor growth 
and induction of cancer cell apoptosis [147]. Let-7b could target 
CEP126 (KIAA1377) and thus inhibit cancer cell proliferation, 
migration and invasion [150]. It has also been reported that let-
7b could inhibit TGF-β signaling pathway, decrease IFN-γ and 
IL-4 production, block Th1 and Th2 type cell immune response 
and inhibit liver fibrosis [151]. Let-7b acted as an endogenous 
TLR7 ligand and was significantly up-regulated in the liver tissues 
from alcoholic hepatitis patients and could be responsible for the 
enhanced inflammatory response in alcoholic hepatitis [152]. Let-
7b could inhibit the production of TNF-α, IL-1β, IL-6 and IL-8 in 
macrophages [153]. Let-7b could also target TLR4, inhibit the NF-
ĸB signaling pathway and suppress the inflammation and immune 
responses [154]. Let-7b was found out to be up-regulated in the 
serum from AIH patients [30]. These results suggested that let-7b 
could play an important role in AIH pathogenesis.

Prospects of miRNA Regulations in Autoimmune 
Hepatitis

It has been shown that miRNAs are dysregulated in AIH patients 
and animal models and drug treatments induce dramatic changes 
of miRNA expression (Table 1 & 2). Specific miRNAs may also play a 
role in AIH progression. However, the particular roles and underlying 
mechanism of dysregulated miRNAs in AIH pathogenesis have not 
been completely understood. Dysregulated miRNA may be used as 
diagnostic markers and therapeutic targets for AIH, which require 
further investigations. In addition, the expression, regulation and 
functions of other epigenetic mechanisms such as lncRNAs in AIH 
have not been studies thus far. Furthermore, the changes, functions 
and underlying mechanisms of DNA methylation and histone 
modification in AIH have not been known, and further studies will 
be needed for understanding the epigenetic mechanisms in the 
regulation and treatment of autoimmune hepatitis.

CONCLUSION

In conclusion, the serum levels of both up-regulated miRNAs 
such as miR-21, miR-21-5p and miR-122 and down-regulated 
miRNAs including miR-29a and miR-155 may be used as biomarkers 
for the diagnosis of autoimmune hepatitis. These miRNAs are also 
involved in the control of cytokine production and regulation 
of proliferation, apoptosis and functions of liver-infiltrating 
mononuclear cells, which may be responsible for AIH development. 
Thus, these miRNAs may be used as therapeutic targets for 
autoimmune hepatitis. In addition, the downregulation of miR-21-
5p, miR-92a-3p, miR-122-5p may be used as prognostic markers 
for the effective treatment of autoimmune hepatitis. The results 
presented here may provide insights into the basic mechanisms 
underlying the dysregulation of miRNAs in autoimmune hepatitis 
that could lead to development of strategies for epigenetic and 
pharmacologic intervention. Such studies may promisingly lead 
to establishing a rapid diagnostic and prognostic method for early 
detection and effective treatment of autoimmune hepatitis to 
prevent liver cancer.
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