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Abstract. In chronic hepatitis B virus (HBV)-infected patients,
T helper 17 (Th17) cells are significantly elevated. Th17 cells
initiate immune-mediated pathogenesis and have a critical
role in the process of HBV-related liver cirrhosis (HBV-LC).
The mechanisms underlying this process are attributed to
Thl17-secreted cytokines, which include interleukin (IL)-17,
IL-21 and IL-22; however, a systemic analysis regarding
these mechanisms has yet to be conducted. Therefore, the
present study aimed to investigate the role of Th17 cells in
the pathogenesis of HBV-LC. All randomized clinical trials,
case series, case reports and meta-analyses that contained
the aforementioned keywords were included in the review
process. In addition, unpublished information from the Food
and Drug Administration was included. The findings indi-
cated that Th17-secreted cytokines, including IL-17, IL-21 and
IL-22, function by activating or silencing hepatic stellate cells,
modulating proinflammatory and pro- or antifibrogenic effec-
tors, regulating extracellular matrix formation, upregulating
chemokine expression, and inducing hepatocellular damage
or hepatoprotection during the HBV-LC process. In addition,
Th17 cells and Thl7-secreted cytokines may be considered
a potential tool in the diagnosis or treatment of HBV-LC.
The present review summarized the role of Thl7 cells in
the pathogenesis of HBV-LC in order to deepen the clinical
understanding of the role of Th17 cells and also to support the
development of effective therapies for patients with HBV-LC.
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1. Introduction

Despite the availability of effective hepatitis B virus (HBV)
vaccines, 350-400 million patients worldwide still suffer from
chronic HBV infection. In addition, approximately half of
the total liver cancer mortalities are attributable to the HBV
infection and the worldwide mortality rates associated with
liver cancer has increased by 62% in the last 12 years (1).
HBV-related liver cirrhosis (HBV-LC) is the primary cause
of liver disease-associated morbidity or mortality world-
wide (2,3). Excessive accumulation of extracellular matrix
components can eventually progress to liver cirrhosis. In addi-
tion, liver inflammation or hepatic injury can result in liver
cirrhosis. A key step in the development of liver fibrogenesis
is the activation of hematopoietic stem cells (HSCs) and the
production of a large amount of a-smooth muscle action
(0a-SMA) and collagen (4,5). Previous studies have suggested
that host immunological (6,7) and virological factors (8) may
influence the progression of liver fibrosis. It is well known that
fibrosis is suppressed by T helper (Th)l cytokines, whereas
Th2 cytokines promote fibrosis (9). Animal models of cell
inactivation or depletion have indicated a role for natural killer
T (NKT) and natural killer (NK) cells in the regulation of
HSC activation and development of liver fibrosis (10-13). In
addition, Th17 cells have been reported to be important in the
development of liver cirrhosis, particularly in patients with
chronic HBV infection (14,15).

Th17 cells are a subset of cluster of differentiation
(CD)4* Th cells, which are characterized by the produc-
tion of the following cytokines: Interleukin (IL)-17, IL-21,
1L.-22, IL-26 and tumor necrosis factor (TNF)-a. Th17 cells
represent a proinflammatory cell subtype. The formation,
development and function of Th17 cells differ from Thl and
Th2 cells (16,17). Transforming growth factor (TGF)-f and
proinflammatory cytokines, such as IL-6 and IL-1, serve
a crucial, initial role in the process of Th17 cell differen-
tiation (18,19). In addition, the autocrine growth factor IL-21
further accelerates amplification of the process via signal
transducer and activator of transcription 3 (STAT3) signal
transduction (20,21). IL-23 is able to stabilize and further
amplify these cells due to its actions on its receptor complex,
after which sequential activation of Janus kinase 2 and STAT3
in Th17 cells occurs (16,22-25). The cytokines secreted by
Th17 cells are associated with various functions, including
inflammation, regulation and epithelial restitution (26). The
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present review aimed to discuss the detailed mechanisms of
Th17 cells and Thl7-associated cytokines, which function by
activating or silencing HSCs, modulating proinflammatory
and pro- or antifibrogenic effectors, regulating extracellular
matrix formation, upregulating chemokine expression, and
inducing hepatocellular damage or hepatoprotective effects.
An indexed Medline search (https:/www.nlm.nih.gov/data-
bases/download/pubmed_medline.html) was conducted in
June 2016, using the following keywords: ‘Th-17°, ‘IL-17,
‘IL-21, ‘TL-22’, ‘cirrhosis’, ‘chronic hepatitis B viral infection’
and ‘fibrosis’; the search included studies published between
1995 and 2016. This review integrated the most up-to-date
evidence, in order to present a comprehensive overview of the
progression of HBV-LC.

2. Characteristics of Th17-secreted cytokines

IL-17 is an emerging cytokine family that consists of six
family members (termed IL-17A through IL-17F), which are
encoded by separate genes. IL-17A has been characterized as
a major effector cytokine that is secreted by Th17 cells when
the RAR-related orphan receptor transcription factor is acti-
vated (27). This process is critical for T cell priming in viral
infections (28). Almost all liver cell types have been reported
to express IL-17 receptor (IL-17R), including HSCs, biliary
epithelial cells, hepatocytes, Kuppfer cells (KCs), biliary
epithelial cells and liver sinusoidal endothelial cells (29).
When active, IL-17 binds to either IL-17RA or IL-17RC,
which are two isoforms of its cognate receptor; subsequently,
IL-17 exerts its function (30,31). IL-17 activates various
signaling pathways, including the microRNA-23b and nuclear
factor-kB, and mitogen-activated protein kinases (MAPKs)
pathways (32,33). In vitro treatment with IL-17 has previously
been demonstrated to induce expression of C-reactive protein
in hepatocytes (34). Furthermore, numerous chemokines and
proinflammatory cytokines have been reported to be expressed
in HSCs, KCs and biliary epithelial cells (35,36). Therefore, the
complex roles of IL-17, which have been observed in murine
models of liver disease (35), may be attributed to its effects on
various liver cell types.

Th17 cells produce IL-21, which activates CD4* T cells,
NKT cells and follicular helper T cells. IL-21 is a type |
cytokine and its receptor is the common cytokine receptor
chain (37,38). IL-21 exerts pleiotropic effects due to the broad
cellular distribution of IL-21 receptor, which includes CD8*
and CD4* T cells, dendritic cells, NK cells, B cells, keratino-
cytes and macrophages (37,39). IL-21 initiates B cell terminal
differentiation into plasma cells, regulates immunoglobulin
production, induces Th17 differentiation and cooperatively
expands CD8* T cells (40,41). These findings indicated that
IL-21 may limit viral persistence and trigger inflammatory
pathways, which may promote tissue damage in various
organs (42,43).

Th17, Th22 and NK cells produce IL-22, which is an IL-10
cytokine family member (44). IL-22 binds to a cell-surface
complex comprising IL-22 receptor 1 (IL-22R1) and IL-10
receptor 2 (IL-10R2) chains; this activity is regulated by
interactions with IL-22 binding protein, which is a soluble
binding protein. IL-22R1 and IL-10R2 share sequence simi-
larity with an extracellular region of IL-22R1 (45,46). Only
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cells of epithelial origin express IL-22R1, including liver
progenitor cells and hepatocytes (47). Activation of the STAT3
signaling cascade, and the AKT and MAPK pathways, results
from targeting of the IL-22R complex, which is composed of
IL-22R1 and IL-10R2 (48-50). Acute inflammatory proteins
are expressed in response to the IL-22-mediated induction
of these signaling pathways (48). In addition, proliferative
and/or anti-apoptotic programs are activated and various
tissue-specific genes are induced, including serum amyloid A,
mucins and antimicrobial proteins (50).

3. The function of Th17-secreted cytokines in HBV-LC

The main factors associated with HBV-LC are considered to
be HBV-initiated liver injury and chronic inflammation (49).
In addition, the host immune response has a critical role in
HBV-LC progression. Previous studies have indicated that
Th17 cell-mediated inflammation is closely associated with
the progression of chronic HBV infection to fibrosis, and
consequently to cirrhosis. In previous studies, patients with
HBV-LC exhibited an increase in the percentage of Thl7
cells (51,52), and it has been suggested that peripheral Th17
cell frequency and serum IL-17 levels may assist in predicting
the severity of liver damage and fibrosis (51-53). An imbalance
between Th17 and regulatory T cells (Tregs) may also serve
a critical role in the progression of HBV-LC. The number of
Th17 cells was markedly increased in patients with HBV-LC;
an increased frequency of circulating Th17 cells was positively
associated with the severity of liver fibrosis, however, nTreg
frequency was negatively associated with Th17 frequency in
the cohort of patients with HBV (51,52). A potential mecha-
nism is that an imbalance in Th17/Tregs may influence fibrotic
progression by promoting HSC activation and increasing
liver injury (15). Therefore, the ratio of Th17/Tregs may
have predictive value with regards to the early development
of HBV-LC (54). Furthermore, increased intrahepatic Th17
cells were closely associated with fibrotic staging scores and
clinical progression from chronic HBV infection to HBV-LC,
and several Th17 cells were located in fibrotic areas from
patients with HBV-LC (51). Notably, the function of Th17
cells is mediated by the production of numerous cytokines,
including IL-17,IL-21 and IL-22. Further studies have focused
on Thl7-associated cytokines, and indicated that they have a
significant role in the progression of HBV-LC (14,55).
Significantly increased expression of IL-17 has been
detected in HBV-LC, which is strongly correlated with the
degree of fibrosis (51,56). In addition, it has been reported that
intrahepatic IL-17 is predominantly localized in the region of
fibrosis (57). Transplantation of bone marrow-derived stem
cells ameliorates HBV-LC, due to the downregulation of IL-17
expression (58). In HepG2 cells, periostin is induced following
IL-17 treatment; therefore, this may serve as a novel biomarker
in the early diagnosis of HBV-LC. In addition, activation of the
CB2 receptor decreases the severity of HBV-LC by selectively
reducing IL-17 production in Th17 lymphocytes, which occurs
via the STAT5-dependent pathway, and inhibits IL-17-induced
proinflammatory gene expression (59). Therefore, IL-17
may be critical in the pathogenesis of HBV-LC (60-63). It
has been hypothesized that the mechanism underlying this
process is the IL-17 signaling pathway. IL-17RA signaling
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Figure 1. IL-17 and IL-21 serve similar roles in modulating liver cirrhosis. IL-17 promotes liver fibrosis by inducing HSC and KC activation, subsequently
resulting in the upregulation of chemokines (IL-8, GRO-a) in HSCs, and fibrogenic (a-SMA, collagen) and proinflammatory genes (TGF-f3, IL-6, TNF-a) in
HSCs and KCs. In addition, IL-21, which is produced by Th17 cells, induces HSC activation, resulting in the production of fibrogenic genes (a-SMA, collagen),
which promotes the development of liver fibrosis. IL, interleukin; GRO-a, growth related oncogene-a; HSC, hepatic stellate cell; KC, Kupffer cell; Th17, T
helper 17 cells; a-SMA, a-smooth muscle actin; TGF-f, transforming growth factor-3; TNF-a, tumor necrosis factor-a.

in HSCs and KCs serves an important role in promoting
liver fibrogenesis, by facilitating TNF-a, IL-6 and IL-1
production and increasing the expression of TGF-f3, which
is a fibrogenic cytokine. In addition, IL-17 directly induces
production of collagen type I in HSCs through activation of
the STAT?3 signaling pathway (55). Activation of HSCs and
the production of collagen are IL-17A-dependent, according
to a previous study by Tan et al (64), whereas pharmacological
inhibition of extracellular signal-regulated kinase 1/2 or p38
significantly attenuated IL-17A-induced HSC activation and
collagen expression. Fabre et al (65) reported that there may be
a novel profibrotic function for IL-17A, since activation of the
c-Jun N-terminal kinase pathway by IL-17A was revealed to
enhance the response of HSCs to TGF-f. Furthermore, IL-17
has been demonstrated to act via stabilization and upregula-
tion of TGF-BRII, which leads to an increase in SMAD2/3
signaling (65). Treatment with IL-17 upregulated the levels
of collagen, a-SMA and TGF-f} in primary mouse HSCs and
LX-2 cells, and activated various signaling pathways in KCs,
which subsequently stimulated KCs to produce proinflam-
matory (TGF-f, IL-6 and TNF-a) and profibrotic cytokines,
including collagen, a-SMA and TGF-f, which promote liver
fibrogenesis (35,55). In addition, IL-17 exposure has been
revealed to upregulate the expression of chemokines, such as
IL-8 and growth related oncogene-alpha (GRO-a), in vitro (51).
Therefore, IL-17 may be considered to serve a critical role
in the pathogenesis of HBV-LC (Fig. 1) and suppressing the
production of IL-17A may potentially benefit patients with
HBV-LC.

As aforementioned, increased levels of peripheral and
intrahepatic Th17 cells have been demonstrated to contribute
to the severity of HBV-LC progression via the induction of
HSC activation; this raises the possibility that IL-21 may be
involved in the process of liver fibrogenesis (66). Therefore,
IL-21 may serve a role in liver fibrogenesis. Patients with
HBV-LC have been reported to exhibit elevated plasma IL-21
levels and increased peripheral numbers of IL-21"CD4* T
cells, which were shown to be closely associated with fibrotic
staging scores and fibrotic progression from chronic HBV
infection to HBV-LC (67). Animal studies have demonstrated

that IL-21 acts as a vital profibrogenic factor in vivo by
contributing to the development of CD4* Th2 responses (68).
Furthermore, a previous study indicated that in vitro IL-21
administration was accompanied by increased expression of
a-SMA, upregulated collagen production by LX-2 cells and
LX-2 cell apoptotic inhibition (67). These results indicated that
IL-21 may contribute to fibrogenesis of HBV-LC via activation
of HSCs (Fig. 1).

Notably, IL-22 is able to exert a dual function in HBV
infection, serving protective or proinflammatory roles
depending on the hepatic injury conditions (i.e., acute
vs. chronic) and the type of liver damage model analyzed.
Therefore, the role of IL-22 in patients with HBV-LC remains
controversial. In a previous study by Xiang et al (69), hepatic
IL-22 expression was inversely correlated with inflamma-
tory grades and fibrosis staging in HBV-infected patients.
However, Kronenberger et al (70) reported that the elevation
of systemic IL-22 may be used to predict reduced survival
in patients with advanced liver cirrhosis. In addition, intra-
hepatic IL-22-producing cells were positively associated
with the severity of liver cirrhosis in HBV-infected patients.
Zhao et al (71) demonstrated that the expression of numerous
IL-22 pathway-associated genes was significantly upregulated
in HBV-infected liver tissues. This study also indicated that
liver-infiltrating IL-22* cells were increased in patients with
HBV-LC compared with in patients without HBV-LC or
healthy controls. Liver-infiltrating IL-22* cells were also posi-
tively associated with liver fibrosis staging scores.

Mechanisms have been further explored in murine models.
Studies that have used carbon tetrachloride (CCL,)- or bile
duct ligation (BDL)-induced liver cirrhosis murine models
demonstrated that IL-22 acts as an important antifibrotic
cytokine. Overexpression of IL-22 in CCL,-or BDL-induced
liver cirrhosis murine models was associated with acceler-
ated resolution of liver cirrhosis during recovery, reduced
liver cirrhosis, an increased number of senescence-associated
p-galactosidase-positive HSCs, and decreased a-SMA
expression in cultured HSCs in vitro and fibrotic livers
in vivo (55,72,73). Furthermore, HSC activation was attenu-
ated and the expression levels of inflammatory cytokines,
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Figure 2. IL-22 serves a dual role in the process of liver cirrhosis. In chronic or HBV Tg-induced liver cirrhosis, IL-22 promotes liver cirrhosis by activating
HSCs, which upregulates chemokines (CXCL10, CXCL20) and fibrogenic genes (a-SMA, collagen) or promotes hepatocellular damage. Conversely, in
acute, or CCL,- and BDL-induced liver cirrhosis, IL-22 induces the expression of SOCS3, p53 and p21 in HSCs, which contributes to IL-22-mediated HSC
senescence, subsequently downregulating fibrogenic (a-SMA, collagen) and proinflammatory genes (TGF-f3, IL-6, TNF-a), and thus protecting against hepa-
tocellular damage. IL, interleukin; HBV, hepatitis B virus; Tg, transgenic; HSCs, hepatic stellate cells; Th17, T helper 17 cells; CXCL10, chemokine (C-X-C
motif) ligand 10; CXCL20, chemokine (C-C motif) ligand 20; a-SMA, a-smooth muscle actin; CCL,, carbon tetrachloride; BDL, bile duct ligation; TGF-3,
transforming growth factor-f; SOCS3, suppressor of cytokine signaling 3; LC, liver cirrhosis; TNF-a, tumor necrosis factor-a.

including TGF-f, IL-6 and TNF-a, were downregulated in
response to recombinant mouse IL-22 in a murine model of
CCL,-induced liver fibrosis (74). These effects resulted in the
amelioration of liver fibrogenesis. In addition, IL-22 treat-
ment resulted in the upregulation of suppressor of cytokine
signaling (SOCS)3 expression in HSCs, which bound p53,
and subsequently increased the expression of p53 and its
target genes (72); this contributed to IL-22-mediated HSC
senescence in CCL,-induced liver cirrhosis. It is well known
that IL-22R1 expression is restricted to cells with an epithe-
lial origin, including hepatocytes and liver progenitor cells,
during acute liver inflammation; this is due to targeting of the
IL-22R complex, which is composed of IL-22R1 and IL-10R2.
IL-22 promotes liver regeneration and protects against liver
injury (75-79). Collectively, IL-22 may be considered an
important antifibrotic cytokine in CCL, or BDL-induced liver
fibrosis models via its hepatoprotective effects and ability to
directly induce HSC senescence (Fig. 2).

BDL- or CCL,-induced liver fibrosis murine models are not
suitable for studying immune-mediated liver fibrotic progres-
sion in human HBV infection as they do not mimic conditions
in humans, which induce severe hepatocyte damage (72). HBV
transgenic (Tg) mice given repeated injections of anti-CD137
antibodies exhibited an induced T cell immune response,
which subsequently resulted in chronic liver inflammation;
this condition mimics human HBV-associated liver disease
progression (80). A previous study by Zhao et al (71), which
employed a HBV Tg mouse model that can mimic human
HBV-associated liver disease, demonstrated that the suppres-
sion of IL-22 attenuates Th17 cell infiltration and liver cirrhosis.
This study also indicated that IL-22 stimulates HSCs to secrete
chemokine (C-X-C motif) ligand 10 and chemokine (C-C motif)
ligand 20, which subsequently promotes Th17 cell chemotaxis.
These results suggested that IL-22 serves a pathological role
by exacerbating fibrosis and chronic liver inflammation via

the recruitment of hepatic Th17 cells in HBV Tg mice. In
addition, the enhanced number of Th17 cells in HBV-infected
livers produced more IL-22. This resulted in the generation of a
positive feedback loop, which ultimately promoted liver fibrosis
during inflammation and chronic liver injury. Wu et al (81)
reported similar results, in that administration of IL-22 inhibited
LX-2 cell apoptosis, increased LX-2 cell proliferation, increased
a-SMA expression and upregulated production of collagen by
LX-2 cells. In addition, elevated IL.-22 promoted liver inflamma-
tion and subsequently resulted in liver injury and exacerbation
of liver fibrosis in anti-CD137-treated HBV Tg mice (80). These
findings indicated that IL-22 may contribute to fibrogenesis by
activating HSCs and promoting liver injury (Fig. 2).

In conclusion, the pro- and antifibrotic functions of IL-22
may depend on hepatocyte damage or protection, and on HSC
senescence or activation.

4. Future perspectives

Numerous studies regarding Th17 cells in chronic HBV infec-
tion have demonstrated the critical function of Th17 cells
in the progression of liver fibrosis/cirrhosis. These findings
improved understanding regarding the role of Th17 cells or
Thl7-secreted cytokines in the process of HBV-LC. Although
significant progress has been made on the functions of Th17
cells and Th17-secreted cytokines, the mechanisms underlying
HBV-LC remain poorly defined in patients. To more thorou-
ghly characterize the intrahepatic features that influence
Th17 cell functions in patients with HBV-LC, it is neces-
sary to study large HBV-infected patient populations with
well-defined clinical cohorts, and to use more physiological
animal models of viral infection. In conclusion, confirming
whether specific Th17 cells or Thl7-secreted cytokines may
be used as biomarkers to aid in the diagnosis and evaluation of
disease progression or prognosis will greatly benefit patients.
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In addition, future studies should aim to determine whether
the application of treatment interventions, which specifically
target Th17 cells and Thl7-secreted cytokines, is useful to
relieve disease symptoms, progression and prognosis.
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