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The liver is a major metabolic organ and an immunologically complex organ. It produces
and uses many substances such as acute phase proteins, cytokines, chemokines, and
complementary components to maintain the balance between immunity and tolerance.
Interleukins are important immune control cytokines, that are produced by many body
cells. In liver injury, interleukins are produced in large amount by various cell types, and act
as pro-inflammatory (e.g. interleukin (IL)-6, IL-13, IL-17, and IL-33) as well as anti-
inflammatory (e.g. IL-10) functions in hepatic cells. Recently, interleukins are regarded
as interesting therapeutic targets for the treatment of liver fibrosis patients. Hepatic cells
such as hepatocytes, hepatic stellate cells, and hepatic macrophages are involved to the
initiation, perpetuation, and resolution of fibrosis. The understanding of the role of
interleukins in such cells provides opportunity for the development of therapeutic target
drugs. This paper aims to understand the functional roles of interleukins in hepatic and
immune cells when the liver is damaged, and suggests the possibility of interleukins as a
new treatment target in liver fibrosis.
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INTRODUCTION

Fibrosis is the pathological feature and the end result of chronic inflammatory reaction induced by
various types of injuries in several organs including skin, kidney, lung, heart, intestine, and liver.
Therefore chronic fibroproliferative diseases is a major public health problem (Nanchahal and Hinz,
2016). In the liver, progressive fibrosis caused by injury, inflammation, and extracellular matrix
(ECM) accumulation ultimately results in cirrhosis or hepatocellular carcinoma. The only effective
treatment for these terminal liver disorders is liver transplantation (Bataller and Brenner, 2005;
Bansal et al., 2016). For this reason, treatment at the liver fibrosis stage that prevents the progression
of the disease, and that leads to resolution is very important.
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The initiation, perpetuation and resolution of liver fibrosis is a
complex process of communication between cells receiving a
multitude of signals consisting of various growth factors,
chemokines and cytokines (Kubes and Jenne, 2018).
Interleukins, a cytokine family that include chemokines,
interferons, lymphokines, and tumor necrosis factors, were
first thought to be expressed in leukocytes alone, but it was
later found that about 40 types of interleukins were produced by
many other body cells. Interleukins play an essential role in the
activation and differentiation of immune cells as well as
proliferation, maturity, migration, and adhesion. They can also
have pro-inflammatory or anti-inflammatory or both properties
(Hammerich and Tacke, 2014).

IL-6 and IL-1 are representative keystone cytokines in liver
disease and have both pro and anti-inflammatory properties. IL-6
is a main regulatory factor in processes of wound healing and
tissue regeneration related to various liver injures. It was
concluded that IL-6/STAT3 signaling prevents cholestasis and
liver fibrosis and has role in regulation of hepatocyte and
cholangiocyte functions in the model of sclerosing cholangitis
(Mair et al., 2010). However, more recent publications reveal
negative effects of IL-6 which can directly induce transition of
HSCs to myofibroblast-like cells, in hepatic fibrosis (Kagan et al.,
2017). Very recent studies on the role of JAK-STAT signaling in
hepatocellular carcinoma (HCC) emphasized that members of
IL-6 family of cytokines have emerged as important regulatory
factors and are considered to be targets for therapeutic
intervention (Lokau et al., 2019). IL-1 family consists of 11
cytokines of the innate immune system. These cytokines
trigger various immune responses to liver injuries, i.e. IL-1α, β
and IL-33 are proinflammatory cytokines; in contrast, IL-1Ra, IL-
36Ra, IL-37, and IL-38 have anti-inflammatory responses, while
IL-18 was found to be pro- and anti-inflammatory under different
circumstances (Barbier et al., 2019; Chan and Schroder, 2020).
Additionally, IL-1 cytokines activate mast cells (MCs) to secrete
inflammatory mediators (chemokines and cytokines including
IL-1, IL-33 and TNF), and this effect can be counteracted by IL-37
(Gallenga et al., 2019). Thus, it has been determined that IL-37 is
an anti-inflammatory cytokine that interacts with IL-18Ra chain
and decreases the inflammatory effects of IL-1 cytokines (Toniato
et al., 2017; Caraffa et al., 2019; Gugliandolo et al., 2019).
Cytokines from IL-36 subfamily of IL-1 are produced by
activated MCs and have strong pro-inflammatory effects
which can be balanced by IL-38 which binds to IL-36R
inducing anti-inflammatory activity (Varvara et al., 2018;
Gallenga et al., 2019). Numerous studies have investigated the
role of each cytokine and receptor from this family in various
types of liver injuries, and have been reviewed in detail recently
(He et al., 2021).

This review presents and emphasizes certain interleukins as
potential therapeutic targets for liver fibrosis. We specifically
focused on the pro-inflammatory interleukins: interleukin (IL)-
13, IL-17, and IL-33, anti-inflammatory interleukin: IL-10 based
on the numerous studies published in recent years that clearly
showed their functions and effects. Furthermore, this review
summarizes the origin, function, and signal pathway of these
selected interleukins and, also shows the functions of these

specific interleukins in hepatocytes, hepatic stellate cells
(HSCs), and hepatic macrophages which are main players in
liver fibrosis.

CD4+ T HELPER CELLS

The innate and adaptive immune responses occurring
simultaneously or sequentially in time, are initiated by Kupffer
cells that recognize liver damage. Following liver injury,
inflammatory lymphocytes infiltrate the damaged hepatic
parenchyma (Dong et al., 2019; Li et al., 2019). T
lymphocytes, which are activated through antigen-specific
manner of dendritic cells, help the B lymphocytes to create
antigen-specific antibodies, or to remove infected cells.
Specially, CD4+ T helper cells (CD4 T cells) serve as the total
commander of immunity. CD4 T cells can be classified into at
least four subsets, referred to as T helper (Th) cells type 1, Th2,
Th17, and induced regulatory T cells (Tregs). These cells play a
major role in mediating immune response through the secretion
of specific cytokines (Luckheeram et al., 2012).

Th1 cells play a particularly important role in mediating
immune responses against intracellular pathogens, resistance
to mycobacterial infections, and induction of some
autoimmune diseases. Their principal cytokine products are
interferon gamma, lymphotoxin α, and IL-2 (Paul and Seder,
1994). Th2 cells mediate immune response to extracellular
parasites, including helminths, and play an important role in
induction and persistence of asthma and other allergic diseases.
Th2 cells produce IL-4, IL-5, IL-9, IL-13, IL-10, IL-25, and
amphiregulin (Luckheeram et al., 2012). Th17 cells are
responsible for mediating immune responses against
extracellular fungi and bacteria, and for inducing the many
organ-specific autoimmune diseases. Th17 cells produce IL-17,
IL-17f, IL-21, and IL-22 (Zhu and Paul, 2008). IL-17 leads to the
induction of pro-inflammatory cytokines, including IL-6, IL-1,
tumor necrosis factor-α (TNF-α), and thus has an important role
in inducing inflammatory responses (Luckheeram et al., 2012).
Tregs play a critical role in the maintenance of self-tolerance to
self and foreign antigen. Increasing Tregs numbers and/or
enhancing their suppressive function may be beneficial for
preventing allograft rejection and treating autoimmune
diseases. The main effector cytokines of Tregs include IL-10,
transforming growth factor-β (TGF-β), and IL-35 (Zhu and Paul,
2008; Luckheeram et al., 2012).

CD4 T cells release a wide range of inflammatory
intermediates, particularly interleukins, which can act as the
pro-inflammatory, anti-inflammatory, or two functions in liver
fibrosis (Hammerich and Tacke, 2014; Sziksz et al., 2020).
However, selecting interleukins with conflicting functions
depending on the stage of liver disease as a therapeutic target
requires more attention in the treatment process. In the case of
IL-6 or IL-22, it prevents fibrogenesis but promotes
hepatocellular carcinoma, so the risk of tumor occurrence
should be considered in the treatment of patients with hepatic
fibrosis (Schmidt-Arras and Rose-John, 2016; Wu et al., 2020).
Therefore, it is very important to select and study targets capable
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of blocking pro-inflammatory (IL-13, IL-17, and IL-33) or
inducing anti-inflammatory interleukin (IL-10) in the complex
process of liver fibrosis.

TARGET INTERLEUKINS

Interleukin-10
IL-10, one of the major anti-inflammatory cytokines, controls
neutrophil infiltration and suppresses various pro-inflammatory
mediators (Louis et al., 1998; Sziksz et al., 2020). IL-10 can be
produced by Th2 cells but also by Th1, Th17, Tregs, CD8+ T, and
B lymphocytes. In the liver, IL-10 is expressed in various cell
types, including hepatocytes, Kupffer cells, sinusoidal endothelial
cells, HSCs, and lymphocytes (Hammerich and Tacke, 2014;
Sziksz et al., 2020). Functional IL-10 receptor (IL-10R)
complexes are tetramers consisting of two IL-10R1 and two
IL-10R2 chains. IL-10 homodimer binding to its receptor
activate Janus kinase (JAK) 1 and Tyrosine kinase (TYK) 2.
Signal transducer and activator of transcription (STAT) 3
binds to IL-10R1 and phosphorylates, and then
phosphorylated STAT3 translocate to the nucleus (Figure 1)
(Verma et al., 2016).

Interleukin-13
IL-13 is an immunoregulatory cytokine secreted by
predominantly Th2 cells. IL-13 has multiple effects on the
differentiation and function of monocytes and macrophages.
Although IL-13 plays an important role in the induction of
allergic responses and inflammation as anti-inflammatory
cytokine, it is a critical pro-fibrotic factor in liver fibrosis
associated with Schistosoma and non-Schistosoma infection
(De Vries, 1998; Liu et al., 2012). Additionally, IL-13 has been
implicated in inflammatory bowel disease, asthma, and parasitic
nematode expulsion (Grunig et al., 1998; Hershey, 2003). IL-13
induces many of the same responses and functional properties as
IL-4 and shares a receptor subunit, the α subunit of the IL-4
receptor. IL-13 binds to the complex receptor system comprised
of IL-4 receptor and two IL-13 binding proteins, IL-13Rα1 and
IL-13Rα2. Signaling through the type II receptor (IL-4 receptor
and IL13Rα1) leads to activation of JAK1 or JAK2/TYK2, STAT6,
STAT3, and STAT1. Then, STAT dimerization and nuclear
translocation occurs, followed by activation of gene
transcription (Figure 1) (McCormick and Heller, 2015). IL-13
receptor is expressed on human B cells, basophils, eosinophils,
mast cells, endothelial cells, fibroblasts, monocytes, macrophages,
respiratory epithelial cells, and smooth muscle cells (Hershey,
2003).

Interleukin-17
IL-17 (now IL-17A) is an ancient pro-inflammatory cytokine
with important roles in defense against bacteria and fungi. IL-17
are produced primarily by a T-cell subset termed Th17 cells, but
can also be produced by neutrophils and other lymphocytes
(Onishi and Gaffen, 2010). IL-17 signals through the IL-17RA-
RC complex, and the IL-17 receptor recruits Act1 for downstream
signaling. The Act1 with the IL-17 receptor complex contributes

to the recruitment of Tumor necrosis factor receptor associated
factor 6 (TRAF6). Then, these kinases promote the production of
pro-inflammatory cytokines, chemokines, and-microbial
peptides, through the pathway such as nuclear factor-κB (NF-
κB), activator protein, and CCAAT/enhancer binding protein
pathways (Figure 1) (Onishi and Gaffen, 2010; Meng et al., 2012).

Interleukin-33
IL-33 is the most recently identified member of IL-1 family of
cytokines and is mainly expressed by stromal cells. IL-33 has
been shown to induce the Th2 phenotype in Th cell, and
therefore promotes progression of Th2-related diseases like
several acute and chronic inflammatory diseases, including
asthma, atopic dermatitis, rheumatoid arthritis, and
ulcerative colitis among others (Schmitz et al., 2005; Sanada
et al., 2007). The activity of IL-33 is mediated by binding to the
heterodimeric ST2/IL-1 receptor associated protein receptor.
Afterward, the complex recruits intracellular signaling
molecules, including myeloid differentiation primary
response 88 (MyD88)/IL-1 receptor-associated kinase/TRAF6,
activating NF-κB, as well as extracellular signal regulated kinase
(ERK) 1/2, c-Jun N-terminal kinase, p38 and
phosphatidylinositol 3-kinase/protein kinase B (Figure 1)
(Pinto et al., 2018; Barbier et al., 2019). Recently, IL-33 has
gained attention as a new target or as an early alarm of liver
fibrogenesis, as Th2 cells are strongly associated with fibrosis
progression (Hammerich and Tacke, 2014; Weiskirchen and
Tacke, 2016).

CONTRIBUTION OF THESE TARGET
INTERLEUKINS IN THE HEPATIC CELLS

Interleukins in Hepatocytes
Hepatocytes are the major parenchymal cells that are important
for liver function in metabolism, detoxification, and alcohol
processing, and protein synthesis. Hepatocytes also activate
innate and adaptive immunity when they are damaged by
hepatotropic virus, an intracellular bacterium, or repeated or
continuous injury (Crispe, 2016; Zhou et al., 2016). The initial
reaction of hepatocytes injury by multiple factors is cell stress and
cell death. The stressed and dying hepatocytes release damage-
associated molecular patterns (DAMPs), reactive oxygen species,
pro-inflammatory signals, and proliferation-associated cytokines
through cross-talk with surrounding cells such as HSCs,
endothelial cells, and immune cells (Tu et al., 2015; Yan et al.,
2018). The reaction of hepatocytes indicate that hepatocytes
contribute to the progress and resolution of liver fibrosis as
active participants, not victims or bystanders (Tu et al., 2015).

McHedlidze et al. showed that damaged hepatocytes secreted
IL-33 and that extracellular IL-33 leads to accumulation and
activation of innate lymphoid cells (ILC2) (McHedlidze et al.,
2013). Activated ILC2 by IL-33 produce IL-13, which induced the
activation and trans-differentiation of HSCs through type-II IL-4
receptor-dependent signaling and STAT6. Further studies have
identified IL-33 as key mediator of hepatic fibrosis by
demonstrating that IL-33 deficiency ameliorates liver fibrosis
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induced by bile duct ligation and carbon tetrachloride (CCl4)
(McHedlidze et al., 2013).

Hepatocytes produce IL-10 which downregulates pro-
inflammatory responses and has a potential modulatory effect
on liver fibrosis (Sziksz et al., 2020). IL-10 gene therapy
attenuated hepatic fibrosis and prevented cell apoptosis in a
thioacetamide-treated liver. IL-10 gene transfer reduced not
only mRNA level of liver TGF-β1, TNF-α, collagen α1, and
cell adhesion molecule, but also decreased the activation of
α-smooth muscle actin (α-SMA) and cyclooxygenase-2 (Hung
et al., 2005). Other studies have shown that the modification with
the IL-10 gene on the buffalo rat liver cells, a rat hepatocytes line,
decreased a marked ability to stimulate the primary HSCs
proliferation and their expression of α-SMA and procollagen
type I, and an accelerated apoptosis of the HSCs was induced
(Chen et al., 2012). These results suggest that IL-10 gene therapy
might be an effective therapeutic reagent for liver fibrosis.

Interleukins in HSCs
HSCs play a pivotal role in the initiation, perpetuation, and
resolution of liver fibrosis. In response to liver injury,
quiescent HSCs trans-differentiate into myofibroblasts, and
activated HSCs secrete pro-fibrogenic cytokines, growth
factors, and ECM molecules (Higashi et al., 2017). Action of
HSCs is also regulated by several soluble factors such as TGFβ,
platelet-derived growth factor (PDGF), IL-1β, and interleukins.
These soluble factors are derived from hepatocytes, macrophages,
and other immune cells. In the case of interleukins, IL-17, IL-13,
and IL-33 promote hepatic fibrogenesis through activation of
hepatic stellate cells. In contrast, IL-10 and IL-22 protect from
development of fibrosis by suppressing pro-fibrogenic function of
HSCs (Hammerich and Tacke, 2014).

Many studies demonstrated that IL-13 is the pre-dominant
profibrotic Th2 cytokine in Schistosomiasis infection which
leads to granuloma formation and subsequent fibrosis
development in the liver. Also, they show that blockade of
IL-13 prevented liver fibrogenesis (Chiaramonte et al., 1999;
Fallon et al., 2000; Chiaramonte et al., 2001). In the liver, IL-13
directly induces expression of collagen I and other critical
fibrosis-associated genes such as α-SMA and connective
tissue growth factor (CTGF) in HSCs (Liu et al., 2012). In
HSCs, IL-13 induced CTGF by activating TGF-β-independent
activin receptor-like kinase/Smad signaling via the Erk-
mitogen-activated protein kinase (MAPK) pathway (Liu
et al., 2011). A different study by Sui et al. showed that IL-13
stimulated proliferation of HSCs and secretion of TGF-β and
PDGF by activation protein kinase C in LX-2, a cell line of
human HSCs (Sui et al., 2018).

Numerous studies show that levels of IL-17 and its receptor
increased in response to liver injury. Specially, the pro-
inflammatory signaling of IL-17 has been widely studied in
HSCs and Kupffer cells (Meng et al., 2012; Tan et al., 2013).
Meng et al. demonstrated that IL-17 induced production of
collagen type 1 in HSCs through activation of STAT3
signaling pathway. In addition, the author has demonstrated
that the activation of fibrin in IL-17-induced HSCs required
STAT3 by showing failure to induce collagen-a1 expression in
STAT3-deficient HSCs (Meng et al., 2012). A different study
showed that pharmacologic inhibition of IL-17-induced ERK1/2
or p38 significantly attenuated HSCs activation and collagen
expression (Tan et al., 2013). In vivo experiments
demonstrated that blocking IL-17 with anti-IL-17A mAb
significantly improved liver function and decreased
hepatocellular necrosis, pro-inflammatory cytokines,

FIGURE 1 | Schematic representation of IL-10, 13, 17, and 33 interaction mechanism with their specific receptors. IL-10 can form a homodimer that binds to the
tetrameric heterodimer IL-10 receptor and initiates an intracellular signaling pathway involving STAT3 as key translocation nuclear factor. IL-13 binding to type II receptor
complex leads to activation of JAK and phosphorylation of members of the STAT family. The IL-17 receptor complex, which consists of IL-17RA and IL-17RC, activates
downstream signaling pathways by recruiting an adaptor molecule named Act1. IL-33 triggers MAPK and NF-κB leading to inflammatory response.
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neutrophils and macrophages influx in bile duct ligation-induced
liver fibrosis mice (Zhang et al., 2016).

Previous studies have shown that soluble IL-33 increases the
secretion of Th2 cytokines such as IL-6, IL-4 and IL-13, which
promote HSCs proliferation, TGF-β synthesis and fibrogenesis
(Wynn, 2004; Schmitz et al., 2005). Meanwhile, another study
showed that activated HSCs with recombinant IL-33 released IL-
6, TGF-β, α-SMA, and collagen via MAPK pathways mediated by
ERK, c-Jun N-terminal kinase, and p38 protein kinases.
Furthermore, the activation of HSCs, liver injury, and
inflammatory cell infiltration were reduced in ST2 (IL-33
receptor)-deficient mice (Tan et al., 2017). Marvie et al.
identified that IL-33 is upregulated in human and murine
fibrosis, and is expressed by HSCs. Activated HSCs was a
source of IL-33 that is strongly associated with fibrosis in
chronic liver injury (Marvie et al., 2009). These results suggest
that IL-33 can play an important role in the cross-talk between
HSCs and Th2 cells in liver fibrosis.

The profibrogenic function of HSCs is suppresses by IL-10
which is one of the major anti-inflammatory cytokines. The
increase of α-SMA and NF-κB in HSCs was attenuated by
ectogenic IL-10 in CCl4-induced liver fibrosis (Zhang et al.,
2006). Recently, studies demonstrated that IL-10 induced
senescence of activated HSCs via STAT3-p53 pathway to
attenuate liver fibrosis (Huang et al., 2020). The therapeutic
effects of IL-10 were shown in experiments in vivo in which
IL-10 gene therapy reduced the expression of fibrosis-related
genes including TGF-β, TNF-α, and collagen α1, and also
decreased the activation of α-SMA in thioacetamide-induced
liver fibrosis (Hung et al., 2005).

Interleukins in Hepatic Macrophages
Hepatic macrophages consist of Kupffer cells, the largest
population of liver resident macrophages, and inflammatory
monocytes-derived macrophages (MoMFs) recruited from
blood circulation and originated from bone marrow, spleen,
and peritoneum. Recruited MoMFs undergo a process of
differentiation into M1 (classically activated) or M2
(alternatively activated) species depending on the micro-
environment (Van der Heide et al., 2019). Generally, following
liver injury by many different factors, the resident Kupffer cells
are activated and produce cytokines and chemokines to recruit
monocytes and neutrophils. The recruited Ly6C+MoMFs release
pro-fibrotic molecules like TGF-β, TNF-α, IL-1β, PDGF and CC
chemokine ligand 2, and these cytokines activate HSCs and
promote liver fibrosis (Dong et al., 2019; Van der Heide et al.,
2019). Recently, novel methods on targeting liver macrophages in
fibrosis focus on regulating the activation of Kupffer cells,
MoMFs recruitment, and macrophage polarization and
differentiation (Tacke, 2017).

Kupffer cells not only express the receptor of IL-17, but also
produce IL-17 which is mainly produced by Th17 cells (Ge and
You, 2008). Meng et al. demonstrated that Kupffer cells,
stimulated by IL-17, expressed inflammatory cytokines IL-6,
IL-1β, TNF-α, and TGF-β1, which in turn, induced trans-
differentiation of HSCs into fibrogenic myofibroblasts, and
further facilitated differentiation of IL-17 producing cells

(Meng et al., 2012). A very recent study showed that IL-17 is
a cytokine that promotes tumors, critically controlling the
inflammatory response in macrophages and the cholesterol
synthesis in steatotic hepatocytes in the experimental model of
alcohol-induced hepatocellular carcinoma. Therefore, the
authors suggested the possibility of IL-17 as a potential
treatment target for patients with alcohol-induced
hepatocellular carcinoma as well as fibrosis (Ma et al., 2020).

Kupffer cells provide an anti-inflammatory
microenvironment by secreting the anti-inflammatory
cytokines IL-10 (Heymann et al., 2015; Van der Heide et al.,
2019). Antigen presentation to Kupffer cells induces the arrest of
CD4 T cells and the secretion of IL-10, an immunosuppressive
cytokine, which results in promoting the immune tolerance (Van
der Heide et al., 2019). Alternatively, activated M2 macrophages
inhibit inflammatory reactions and secrete IL-10, IL-4/IL-13,
TGF-β, and vascular endothelial growth factor-α to facilitate
tissue repair. In contrast to the M2, M1 is pro-inflammatory,
microbicidal, and tumoricidal. M1 also releases numerous
inflammatory cytokines e.g., TNF-α, IL-1, IL-6, IL-12, IL-15,
and IL-18 (Roszer, 2015; Wang et al., 2018). IL-10 mRNA was
upregulated from both Kupffer cells in vitro and in whole liver
after treatment with lipopolysaccharide or CCl4. Also, IL-10
inhibited production of superoxide and TNF-α in rat Kupffer
cells following lipopolysaccharide treatment. Furthermore, IL-
10−/− mice showed significantly more severe fibrosis than wild
type controls after 70 days of injection with CCl4. The authors
concluded that synthesized IL-10 may modulate Kupffer cells
action during the liver inflammation and fibrosis, and influence
subsequent progression of fibrosis (Thompson et al., 1998).

DISCUSSION

In this review, we have shown the main roles of interleukins in a
complex and active cross-talk between hepatic cells responses
during liver injury, and their potential as therapeutic targets.
Fibrosis is characterized by abnormal ECM derived from HSCs,
but it is a dynamic process driven by cytokine-mediated signaling
pathways, starting with hepatocytes which are directly involved in
the initiation and progression of fibrosis, continuing with
macrophages that promote inflammation and present antigens
to CD4 T cells which then adjust the immune responses.
Interleukins are an immunomodulatory cytokine that is deeply
involved from the initiation to the resolution of fibrosis. Recently,
the development of a targeted therapy related to liver fibrosis
using monoclonal antibodies against interleukins has received
considerable interest (Table 1). This antibody treatment targeting
interleukins has shown potential as a therapeutic agent in various
liver diseases through animal experiments. Treatment with
monoclonal antibody neutralizing IL-1β and IL-1 receptor
antagonist have been tested in clinical trials. While the anti-
cytokine therapies can prevent the progression of hepatic
fibrogenesis in the early stages of liver injury, they are not a
cure for advanced liver fibrosis. Therefore, treatment at the liver
fibrosis stage that prevents the progression of the disease, and that
leads to resolution is very important. In addition, hepatic fibrosis
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TABLE 1 | Strategies targeting interleukins for liver disease.

Agent Condition or disease Objective or effector
function

Trial number References

Antibodies
Monoclonal antibody
neutralizing IL-1β
(Canakinumab)

Alcoholic hepatitis Explore the potential benefits of the IL-1β antibody
(Canakinumab) in the treatment of alcoholic hepatitis

NCT03775109 Dinarello et al. (2012)

IL-1 receptor antagonist
(Anakinra)

Alcoholic hepatitis Determine the clinical efficacy and safety of IL-1 receptor
antagonist (Anakinra, plus zinc) in participants with
clinically severe alcoholic hepatitis

NCT04072822 Meier et al. (2019),
Dasarathy et al. (2020)

Polymorphism of IL-1β
and TNF-α

Hepatitis B, HCC,
Chronic liver disease

Find the effects of polymorphism of IL-1β and TNF-α and
their interaction on susceptibility and severity of HBV-
related HCC

NCT00629486 Dondeti et al. (2016)

Anti-IL-20 or IL-20R1
monoclonal antibody

Short-term and long-term
CCl4 -induced liver injury

Attenuated hepatocyte damage, inhibited TGF-β1
production, liver fibrosis, HSC activation, and ECM
accumulation

— Chiu et al. (2014)

Monoclonal antibody
neutralizing IL-11 and
anti-IL11RA

Non-alcoholic
steatohepatitis

Prevents liver inflammation and steatosis, reverses
severe hepatocyte damage, reduces hepatic immune
cells and TGFβ1 levels

— Widjaja et al. (2019)

Fusion protein
Nanocomplexes with
IL-22 gene

Acetaminophen-induced
liver injury, Concanavalin
A-induced hepatitis. NAFLD

Activated STAT3/Erk signaling, inhibition of reactive
oxygen species generation, ameliorate acetaminophen-
induced liver injury

— Chen et al. (2017), Chen
et al. (2018), Zai et al. (2019)

Fusion protein of IL-6 and
the soluble IL-6 receptor

D-galactosamine induced
acute liver injury

Reversed the state of hepatotoxicity, stimulated liver
regeneration

— Galun et al. (2000)

Fusion protein of IL-28B
and human serum albumin

Cell culture-derived
hepatitis C virus

Inhibited hepatitis C virus infection — Fayad et al. (2013)

Fusion protein of IL-13
cytotoxin

Nonalcoholic steatohepatitis Decline in fibrosis and liver enzymes without organ
toxicity, ameliorates pathological features of NASH

— Shimamura et al. (2008)

CCl4, carbon tetrachloride; ECM, extracellular matrix; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HSC, hepatic stellate cells; IL, interleukin; NAFLD, nonalcoholic fatty liver
disease; STAT3/Erk, signal transducer and activator of transcription 3/extracellular signal regulated kinase; TGF, tumor growth factor; TNF, tumor necrosis factor.

FIGURE 2 | Role of interleukins in development and resolution of liver fibrosis. The combination of signals from inflammatory environment, hepatocytes death,
activated macrophages and CD4 T cells stimulates HSCs to proliferate and synthesize collagen and induce fibrosis. IL-33 induces the production of IL-13, and IL-13 and
IL-17 directly mediate the activation of HSCs. In the model of fibrosis resolution, hepatocytes, macrophages, HSCs, and CD4 T cells activate the negative feedback loops
that reduce immune-mediated fibrosis by secreting IL-10 that prevent activation of HSCs and production of collagen.
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treatment strategies using various fusion proteins are detailed in
Table 1. Targeting IL-22 is particularly promising as an
alternative strategy to directly break the cycle of inflammatory
cytokine and chemokine signaling, and the fusion protein using
the IL-22 gene and nanocomplex is considered a new strategy to
improve liver disease (Chen et al., 2017; Chen et al., 2018; Chen
et al., 2020).

Damaged hepatocytes activate hepatic macrophages, and
release DAMPs and IL-33. ILC2, which is activated by IL-33
released by hepatocytes, secretes IL-13, that can induce the

activity of HSCs. Stimulated macrophages modulate antigen-
presentation of CD4 T cells and produce IL-17 together with
CD4 T cells, directly affecting the activity of HSCs and collagen
production. Additionally, CD4 cells can promote fibrosis by
stimulating macrophages and HSCs with IL-17 or IL-13. The
quiescent HSCs receiving various pro-inflammatory signals not
only transdifferentiate into myofibroblasts to produce collagen,
but secrete pro-fibrogenic cytokines such as IL-33 to play pivotal
role in fibrosis. On the other hand, during fibrosis resolution,
these cells reverse myofibroblast activation with IL-10 and

TABLE 2 | Roles of IL-10, 13, 17, and 33 in fibrotic disease.

Interleukin Producing cell Receptor Liver Lung Heart Intestine

IL-10 Basophils, B cells,
dendritic cells,
eosinophils, neutrophils,
macrophages Mast cells,
Th2 cells

IL-10R1(a),
IL-10R2 (b)

IL-10 inhibited HSCs
activation Louis et al.
(1998) IL-gene therapy
reduced the expression
of profibrotic genes
Hung et al. (2005) IL-10
KO mice showed more
severe liver fibrosis
Thompson et al. (1998)

IL-10 KO mice increased
inflammation after
intratracheal instillation of
silica Huaux et al. (1998)
genetic delivery of IL-10
attenuated the TGF-β
production Nakagome
et al. (2006)

The lack of IL-10 resulted
more severe myocardial
fibrosis Verma et al.
(2012) the administration
of rIL-10 improved
cardiac remodeling
Krishnamurthy et al.
(2009) IL-10 treatment
decreased the myocardial
inflammation in mice with
autoimmune myocarditis
Zimmermann et al. (2012)

Loss of function mutations
in the gene of IL-10 caused
early onset of IBD Kotlarz
et al. (2012) IL-10
supplementation did not
result clinical improvements
in CD patients Marlow et al.
(2013)

IL-13 Basophils, B cells,
endothelial cells,
eosinophils, epithelial
cells, fibroblasts, mast
cells, macrophages,
monocytes, smooth
muscle cells, Th2 cells

IL-4Rα,
IL13Rα1

Blockade of IL-13
prevented liver
fibrogenesis
Chiaramonte et al.
(2001) IL-13 induced
production of collagen,
α-SMA Chiaramonte
et al. (1999)

IL-13−/− and IL-4/13−/−
mice were protected from
lung fibrosis development
in response to FITC
inoculation Kolodsick et al.
(2004) IL-13 and IL-4 are
elevated in the bronchial
alveolar lavage fluid of IPF
patients Park et al. (2009)

Il13Rα1-deficient mice
develop severe
myocardial dysfunction
Amit et al. (2017)
deficiency of IL-13 leads
to increased leukocyte
infiltration and reduced
M2-like differentiation of
the monocytes in the
myocardium Hofmann
et al. (2014)

IL-13 production by type 2
NKT cells demonstrated to
be critical for colitis
development Heller et al.
(2002) IL-13 is not
increased in fibrotic CD
muscle layer Vainer et al.
(2000)

IL-17 B cells, dendritic cells,
macrophages, Th17 cells

IL-17RA,
IL-17RC

The increased level of
IL-17 activated HSCs
and induced collagen
production Meng et al.
(2012) elevated levels of
IL-17 were also found in
the fibrotic livers of
patients with hepatitis B
virus and cirrhosis
related liver damage Du
et al. (2013)

Anti-IL-17A neutralizing
antibody attenuated
pulmonary fibrosis and
ECM deposition Chen et al.
(2014) in humans, elevated
levels of IL-17 and IL-1β
were seen in the BAL fluid
of patients with IPE Wilson
et al. (2010)

IL-17 directly induced VA
in vivo and in vitro in a
dose-dependent manner
Chang et al. (2018) IL-17
induced cardiac fibrosis
both in vitro and in vivo via
PKCβ/Erk1/2/NF-κB
signaling pathway Liu
et al. (2012)

IL-17 induced HSP47 as
well as type I collagen in
human intestinal
myofibroblasts Honzawa
et al. (2014) IL-17
contributed significantly for
stricture development in CD
Yagi et al. (2007) level of
fecal IL-17 was elevated in
patients with active CD
Biancheri et al. (2013)

IL-33 Basophils, B cells,
CD8+T cells, dendritic
cells, eosinophils, ILC2s,
macrophages, mast cells,
natural killer cells, Th2
cells, Tregs cells

ST2,
IL1RAcP

IL-33−/− mice showed
decrease in collagen
deposition and ECM-
related gene expression
McHedlidze et al. (2013)
production of IL-13 in
Th2 cells Marvie et al.
(2009) IL-33
exacerbated liver
fibrosis in mice Gao
et al. (2016)

Level of IL-33 was elevated
in the bronchoalveolar
lavage fluids of patients
with IPF Lee et al. (2017)
treatment with anti-IL-33
antibody markedly
reduced airway
inflammation and lung
fibrosis Luzina et al. (2013)

Recombinant IL-33
reduced aortic
atherosclerotic plaque
development Miller et al.
(2008) ST2−/− mice
showed more cardiac
fibrosis and impaired
survival Sanada et al.
(2007) expression levels
of IL-33/ST2 in human
myocardial tissue were
associated with cardiac
fibrosis Tseng et al. (2017)

Inhibition of endogenous
ST2-mediated signaling by
treatment with neutralizing
antibody improved DSS-
induced colitis Sedhom
et al. (2013) IL-33 has
extenuating effects in
chronic DSS-induced colitis
Grobeta et al. (2012)

BAL, bronchoalveolar lavage; CD, crohn’s disease; DSS, dextran sulfate sodium; ECM, extracellular matrix; Erk, extracellular signal regulated kinase; HSCs, hepatic stellate cells; HSP, heat
shock protein; IBD, inflammatory bowel diseases; IL, interleukin; IPF, idiopathic pulmonary fibrosis; KO, knock-out; NF-κb, nuclear factor-κb; NKT, natural killer T cells; PCK, protein kinase
C; r, recombinant; SMA, smooth muscle actin; TGF, tumor growth factor; VA, ventricular arrhythmia.

Frontiers in Pharmacology | www.frontiersin.org March 2021 | Volume 12 | Article 6457037

An et al. Interleukins in Liver Fibrosis

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


regulate the restoration of homeostasis (Figure 2). This suggests
that strategies using prevention of pro-inflammatory interleukins
or induction of anti-inflammatory interleukins for the treatment
of liver fibrosis may be effective.

IL-3, IL-17 and IL-33 induce liver fibrosis through various
mechanisms, therefore an approach targeting them as a major
participant in the “fibrosis pathway” is expected to be worthwhile.
The blockade of IL-13 can be reversed to reduce liver pathology
even when fibrosis is already established. IL-17 signals contribute
to the pathogenesis of liver damage and IL-17 inhibition can
potentially be an effective treatment for liver disease.
Furthermore, IL-17 may be a treatment target for alcohol-
induced liver damage and hepatocellular carcinoma. An
approach aimed at the IL-33/ST2 path could be a potential
therapeutic target for human patients suffering from chronic
hepatitis and liver fibrosis (Hammerich and Tacke, 2014;
Weiskirchen and Tacke, 2016; Zhang et al., 2016; Ma et al.,
2020). IL-10 is a typical anti-inflammatory cytokine that shows
signals of conservation mechanism in multiple organs. Specially
in the fibrous liver, IL-10 has been proven to induce resolution of
fibrosis, therefore it is suggested as a potential therapeutic target
(Steen et al., 2020). However, the half-life of recombinant IL-10 in
vivo is relatively short, and non-targeted administration can cause
systemic side effects (Chen et al., 2012). Therefore, increasing
numbers of studies have aimed to use IL-10 gene transfer and IL-
10 gene therapy might be an effective treatment for liver fibrosis.

Fibrosis can occur in almost any organ or tissue, including
lung, heart, and intestine, and is associated with a variety of
diseases. Although liver fibrosis has been addressed in this review,
treatment with specific interleukins can be applied to several
tissue fibrosis. Table 2 shows studies using interleukin 10, 13, 17,
and 33 in various fibrotic tissues (Ng et al., 2018; Wijsenbeek

et al., 2018; Sziksz et al., 2020). However, there are some practical
problems such as the relevant doses of recombinant interleukins,
the route of administration, and the costs of production of the
cytokine itself, that need to be addressed to move from the
experimental stage to the clinical stage. If these hurdles are
overcome, a new treatment strategy targeting specific
interleukins will be able to deliver expected therapeutic effects
not only in the liver, but also in other tissues as well.
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