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It is known that liver diseases have several characteristics of massive lipid accumulation
and lipid metabolic disorder, and are divided into liver inflammation, liver fibrosis, liver
cirrhosis (LC), and hepatocellular carcinoma (HCC) in patients. Interleukin (IL)-35, a
new-discovered cytokine, can protect the liver from the environmental attack by
increasing the ratio of Tregs (T regulatory cells) which can increase the anti-
inflammatory cytokines and inhibit the proliferation of immune cellular. Interestingly,
two opposite mechanisms (pro-inflammatory and anti-inflammatory) have connection
with the ultimate formation of liver diseases, which suggest that IL-35 may play crucial
function in the process of liver diseases through immunosuppressive regulation.
Besides, some obvious advantages also imply that IL-35 can be considered as a
new therapeutic target to control the progression of liver diseases, while its mechanism
of function still needs further research.
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HIGHLIGHTS

• Effective and safe treatment is urgently needed, owing to the high mortality of the liver
diseases.

• IL-35, a new-discovered cytokine, can protect liver from environmental attack by increasing the
ratio of Tregs and inhibiting the immune response.

• IL-35 can be considered as a potential target in the treatment of liver diseases.
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INTRODUCTION

IL-35, a newly discovered heterodimeric cytokine and a member
of the Interleukin (IL)-12 cytokine family (Table 1) (Li et al.,
2019), consists of two subunits: α chain (p35) and β chain (EBI3)
(Kong et al., 2016). In detail, p35 had dissociation between p35
and p40 gene regulation (Skrombolas et al., 2015). EBI3 was a
homologue to p40 and the ciliary neurotrophic factor receptor,
and its expression level was independent on EBV infection in B
lymphoblastoid cells (Wetzel et al., 2020). Meanwhile, IL-35 was
composed by heterodimer of IL-12Rβ2 chain and gp130 chain or
homodimers of each chain, which subsequently activated the
STAT signaling pathway (Terayama et al., 2014). Recent
researches have confirmed that IL-35, mainly secreted by
immune cells, including the newly reported Breg cells
(CD4+CD25+), had a high expression level in the bone
marrow, thymus, blood and liver tissues (Li et al., 2020b;
Zhang et al., 2020). Functional analysis suggested that IL-35
played a crucial role in many autoimmune diseases and
allograft rejection, such as rheumatoid arthritis (RA) (Li et al.,
2019), multiple sclerosis (MS) (Badihian et al., 2018), systemic
lupus erythematosus (SLE) (Ye et al., 2019), inflammatory bowel
disease (IBD) (Su et al., 2018), psoriasis and experimental
autoimmune uveitis (EAU) (Zhang et al., 2016). What’s more,
it has been confirmed that IL-35 had a higher expression level in
chronic hepatitis patients and its expression level had a positive
association with the severity of infection (Dong et al., 2020).
Additionally, IL-35 could reduce liver regeneration and
hepatocyte proliferation both in vivo and in vitro (Yang et al.,
2020b). Thus, it was possible that IL-35 might act as a potential
target in treating liver diseases.

As we all known, the incidence of liver disease was increasing
year by year (Chen et al., 2020b). Frequently, liver diseases caused
by inflammatory reaction and oxidative stress could lead to the
accumulation of extracellular matrix (ECM), which then
progressed to hepatitis, fibrosis, cirrhosis, and even
hepatocellular carcinoma (HCC) (Chen et al., 2020c). Of note,
liver diseases were related to imbalance between the innate
immune and adaptive immune (Mendez-Sanchez et al., 2020).
Various immune cells (Treg cells, Th cells, CD4/CD8+ T cells,
Kupffer cells, liver mononuclear cells) and inflammatory
cytokines (TNF-α, interleukin, interferon) were produced in
response to risk factors, such as viruses, high-fat eating habits,
alcohol and drug (Roderburg et al., 2020). Additionally, related

evidence showed that the immunoregulation of IL-35 required
multiple immune regulatory factors, through cooperating IL-10
and TGF-β, and then present effective and maximal anti-
inflammatory outcome (Slawek et al., 2020).

The pathogenesis of liver diseases was multifactorial, and the
physiological function of IL-35 liver diseases in human were
limited (Figures 1, 2). In this review, we systematically
summarized the comprehensive roles of IL-35 on hepatitis,
liver fibrosis, cirrhosis, HCC, as well as a therapeutic mediator
for liver diseases.

THE ROLES OF INTERLEUKIN-35 IN LIVER
DISEASES

Interleukin-35 and Acute Liver Injury Failure
ALF, also known as a life-threatening clinical syndrome of
fulminant liver failure, has the common characteristic of the
activation of inflammatory cells (Hoshino et al., 2020). The
overall survival of ALF patients was 67%, and approximately
30% of these patients had an experience of liver transplantation
operation (Mohamadi-Zarch et al., 2020). Of note, ALF was a
global health problem due to poor clinical prognosis and high
mortality. Apart from liver transplantation, few effective
treatment existed (Dimitrova-Shumkovska et al., 2020).
Interestingly, Yang et al. confirmed that, the serum IL-35
concentration of ALF was increased in ALF patients, along
with exhausted peripheral CD8+ T cells (Yang et al., 2020b).
Simultaneously, IL-35 stimulation was able to boost the
expression levels of PD-1, CTLA-4, and LAG-3 in CD8+
T cells, but inhibit of perforin, granzyme B, and FasL
expression levels (Yang et al., 2020b). Thus, the silence of IL-
35 could treat ALF via targeting the PD-1, CTLA-4.

In a concanavalin A (Con A)-induced hepatitis mediating by
T cell (Zhao et al., 2011), Bone marrow mesenchymal stem cells
(MSCs) aggregate at the site of injury or inflammation, and show
multi-directional differentiation potential (Wang et al., 2018b).
IL-35 gene modified MSCs (IL-35-MSCs) was used to treat Con
A-induced hepatitis and showed better therapeutic effect than the
pure MSCs. IL-35-MSCs significantly decreased the expression
level of FASL (Wang et al., 2018b). Furthermore, the INF-γ
expression level was decreased and the protein expression of
JAK1, STAT1 and STAT4 were increased significantly in the IL-
35-MSCs transplanted groups (Hou et al., 2016). IL-35-MSCs

TABLE 1 | The role of IL-12 family member.

Cytokine Subunits Receptor Biological activity Ref.(PMID)

IL-12 p35, p40 IL-12R-β1,
IL-12R-β2

Induce differentiation of naïve CD4+ T cells into Th1 cells, facilitate Th1 differentiation, antagonize Th2
cell polarization and the production of IL-4 and IL-13, secret IFN-γ from T cells, NK cells, DCs and
macrophages.

32132181,
32121641

IL-23 p19, p40 IL-23R, IL-
12R-β1

Promote the maintenance of Th17 cells phenotype, stimulate the production of IL-17 from neutrophils
and the production of IL-1β, TNF-α and IL-6 stabilize IL-17 expression

32185257,
32169850

IL-27 p28, EBi3 IL-27R, gp130 Induce differentiation of Th1 and Th2 cells, suppress the Th17 polarization induced by IL-10, IL-6 and
TGF-β in combination with IFN-γ

32164467,
32120343

IL-35 Ebi3, p35 IL-12R-β2,
gp130

Increase the generation of induced Treg population and nTreg activation, inhibit the proliferation of Th17
cells and Th1 cells, suppress expension of T cell

32169441,
32156533
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regulated the inflammation through positively regulating JAK1/
STAT1/4 signaling pathway and reducing INF-γ expression level.
All in all, IL-35-MSCs played a protective role in Con A-induced
hepatitis.

Interleukin-35 and Hepatitis
Hepatitis was a common phenomenon in clinical work, including
autoimmune hepatitis, alcoholic hepatitis, drug-induced
hepatitis, bacterium hepatitis, viral hepatitis and others (Petta
and Craxi, 2020). Generally, hepatitis B virus (HBV) and hepatitis
C virus (HCV) were common in liver injury, both of which were
non-cytopathic virus (Gonzalez and Gordon, 2020; Spyrou et al.,
2020). It has been reported that IL-35 was associated with
significant inflammation inhibition, which can inhibit the
proliferation of T cell and the function f its effector (Li et al.,

2020a). This compelling function pushed us to figure out the
theoretical basis and other beneficial effects of IL-35 in the
immune-pathogenesis of HBV, HCV hepatitis, and
autoimmune hepatitis (AIH).

Interleukin-35 and Hepatitis B Virus
Hepatitis B virus, a common infectious disease worldwide, had a
characteristic of high morbidity and mortality. According to the
reports, about 240 million people worldwide were chronically
infected with HBV (Cavallone et al., 2020; Li et al., 2020c). More
than 700,000 people died fromHBV-associated diseases each year
(Bhuiyan et al., 2020). Asymptomatic carriers are more
susceptible to liver cirrhosis and liver cancer. HBV mediated
disease was related to different degrees of cell immune response,
resulting in the development of severe hepatitis (Su et al., 2020).

FIGURE 1 | Timeline of IL-35.

FIGURE 2 | The relationship of IL-35 with liver diseases.
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Furthermore, unsuccessful immune clearance of HBV will bring
about chronic hepatitis and increase the risk of HCC (Li et al.,
2020c). Thus, solving HBV infection was a crucial endpoint, and
had a promising clinical outcome in HBV-induced disease.

Yang et al. confirmed that serum IL-35 was elevated in chronic
hepatitis B virus (CHB). At the same time, studies found that
Tregs and other cell types (including activated myeloid,
endothelial cells, regulatory B cells) was capable to secret IL-35
(Yang et al., 2020a). Evidence showed that HBV could initiate
CD4+ CD25+ Tregs to express IL-35 (Schneider et al., 2018; Yang
et al., 2019a). The expression levels of EBI3, p35 and receptor of
IL-35 were also highly expressed in CD4+ CD25+ Tregs of CHB
patients. Notably, their expression levels were proved to be equal
in activated and inactivated CD4+ CD25+ Tregs, which suggested
that IL-35 could be secreted in activated and inactivated CD4+
CD25+ Tregs (Yang et al., 2019a). Additionally, the regulatory
function of Tregs in EBI3−/− or p35 −/− mice was significantly
inhibited compared to that of control group, implicating that IL-
35 was vital for the activity of Treg’ functions. In terms of its
function, IL-35 from Treg could block the differentiation of Th1
cells and Th17 cells away from excessive autoimmune reaction,
thus preventing organisms like the liver from being immune to
chronic infections triggered by virus damage (Teng et al., 2019;
Yang et al., 2020a). Moreover, the proliferation of HBV-specific
CTLs among CD8+ T cells were significantly lower in the
peripheral blood mononuclear cells (PBMCs) after treated
treatment with IL-35 (Dong et al., 2020). Interestingly, only
high concentration of IL-35 (>40 ng/ml) could inhibit the
expansion of CTLs and the secretion of IFN-γ, which was not
related to the traditional CD4+ CD25+ Foxp3+ Tregs or other
cytokines such as IL-10 and TGF-β (Dong et al., 2020). It was
widely accepted that CD4+ T cell responsible for adaptive
immune had many surface markers including CD45RA,
CD45RO and CD25. HBV core antigen induced-CD45RA
expression level was significantly decreased by IL-35 in total
CD4+ T cells, showing that IL-35 has protective role in CD4+ T
mediate adaptive immune in HBV attack. Additionally, the effect
of IL-35 on innate immune response marked by CD11c (a DC
marker) and CD86 (an activation marker of DC) were
investigated (Yang et al., 2019a; Teng et al., 2019). IL-35
significantly decreased the proportion of CD11c+ cells in
PBMCs, but the proportion of CD86 on CD11c+ cells
increased slightly (Dong et al., 2020). Taken together, IL-35
might have significant impact on the disorder of immune-
response regulation during HBV infection.

Interleukin-35 and Hepatitis C Virus
Investigation from the World Health Organization (WHO)
announced that there were estimated 71 million people who
had been infected by HCV globally (Elbedewy et al., 2020). The
availability of safe and effective antiviral drugs to treat almost all
HCV patients is now an important problem to be solved, posing a
huge challenge to the public health (Kim et al., 2020). The survey
indicated that only 7.4% of the diagnosed patients had received
treatment, partly because of the economic barrier to taking highly
effective direct-acting antiviral drugs (Martinello et al., 2020).
Moreover, those patients recovering from treatment still

remained the risk of reinfection. Despite effective direct-acting
antiviral drugs (DAA) were introduced, there were still strong
recommendations for preventive HCV vaccination (Darema
et al., 2020; Martinello et al., 2020). Among the 73 HCV
patients, the expression level of IL-35 in serum was observed
to elevate in HCV patients. IL-35 was significantly decreased as a
result of inhibiting viral replication. As expected, compared with
healthy individuals, HCV patients had higher proportion of
CD4+ CD25+ CD127dim/− Tregs in the population, meaning
IL-35 had induced the differentiation of Tregs (Liu et al., 2017;
Wei et al., 2018). Current studies have shown that IL-35 could
cause persistent HCV infection, which may be an unfriendly
aspect of IL-35, because increased Tregs inhibited antiviral
immune activity. On the other hand, IL-35 also had a
capability to protect HCV patients against liver injury by
reducing the expression levels of pro-inflammatory cytokines
(Liu et al., 2017). Therefore, the immunosuppressive role of
IL-35 had a contradictory effect between the maintenance of
viral persistence and the reduction of chronic inflammation in
chronic HCV infection.

Interleukin-35 and Autoimmune Hepatitis
AIH was a necrotizing inflammatory liver disease associated with
the interactive cell populations of the innate and adaptive
immune response (Minaga et al., 2019). According to reports,
the prevalence of AIH among women was gradually rising. If the
patients could not be diagnosed or treated in time, AIH patients
would rapidly progress to liver failure and even HCC (Liwinski
et al., 2020). To be unfortunate, this remission therapy of
conventional agents to AIH patients might cause serious side
effects. There was an urgent need to design therapeutic agents
with more specific and safer effect (Sandusadee et al., 2020). Of
note, the expression level of IL-35 subunits (p35/EBI3) were
upregulated in the liver of AIH patients. Lian et al. found that IL-
35 subunits (EBI3 and p35) in AIH liver tissue had an increased
expression level and a positive association with hepatitis and
fibrosis. Moreover, the expression level of EBI3 was positively
related to age, IgG and AST expression levels in serum, and
negatively correlated with hemoglobin and albumin (Lian et al.,
2019). In addition, it was metastatic plasmacytoid DCs (pDCs)
from peripheral blood fight against virus in the liver, rather than
resident pDCs. There was a higher expression level of IL-35 in the
liver, suggesting that these IL-35-producing cells participated in
the pathogenesis of AIH (Lian et al., 2019; Zhang et al., 2019).
Meanwhile, it was also confirmed that the protective effect of
pDCs was related to recruitment of Tregs in an IL-35-dependent
way (Chen et al., 2020a). Sum up, it’s necessary to study the effect
of IL-35 on immune function and provide theoretical basis for the
treatment of AIH.

Interleukin-35 and Liver Fibrosis
Liver fibrosis with a disrupted liver architecture was always
attributed to the progressive accumulation and reduction of
ECM remodeling (Khalil et al., 2020). The formation of liver
fibrogenesis was regarded as a wound-healing response, which
was driven primarily by various immune response to hurt
parenchymal cells. Histological features of fibrosis caused by
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autoimmune diseases, included progressive intrahepatic bile duct
destruction, cholestasis, and liver cirrhosis (LC) (Gao et al., 2020).
Notably, liver fibrosis was found to be an intermediate stage
between CHB and LC, which was also stressed to be a reversible
process.

Up to date, the correlation of IL-35 and liver fibrosis was quite
blurred and indistinct due to the limited relevant studies. It was
hard to figure out the specific role of IL-35 in process of liver
fibrosis. At present, the pathogenic role of Th17 cells in
promoting liver injury and fibrosis was widely recognized
(Peng et al., 2019). Interestingly, IL-35 suppressed the
proliferation of CD4+ CD25− effector T cells and the
differentiation of Th17 cells (Huang et al., 2019; Luo et al.,
2019), supporting that the relief of severity of inflammation in
liver injury due to the reduction of Th17 cells induced by IL-35.
The knockout of IL-12p35 gene promoted Th17 cell response and
inhibited Th1 cell response, suggesting that IL-35might be closely
related to liver fibrosis (Huang et al., 2019). Taking all the studies
into account, IL-35 secreted from Tregs could suppress the
activity of Th17 cells and decreased its amount.

Interleukin-35 and Liver Cirrhosis
LC, a frequent and dangerous disease, caused numerous clinical
contacts due to its complications (Fenster et al., 2020). This
process brought about a progressive loss of liver function, such
as catabolism of toxins and drugs, metabolism of carbohydrates,
lipids and proteins. Moreover, the histological characteristics of
LC included progressive liver dysfunction and replacement of
liver tissue by fibrotic scar tissue and regenerating nodules
(Ferrarese et al., 2020). The pathophysiology and treatment of
LC were of high international standard and formed a qualified
basis for rational clinical handling of LC patients. Primary biliary
cirrhosis (PBC) was an autoimmune liver disease and LC, and
mainly caused by the body’s autoimmune disorders (Xu et al.,
2020b).

The expression level of IL-35 in serum in PBC patients was
lower than that in healthy individuals. The expression level of
Ebi3 mRNA was decreased in PBC patients as well, but no
statistical difference in the expression level of p35 mRNA level
(Li et al., 2018). IL-35 in PBC patients was inversely associated
with expression levels of clinical parameters, such as ALP, GGT,
AST, ALT, and cytokines produced by CD4+ T cells (IFN-γ, IL-
23, IL-17). Meanwhile, at different stages of disease, IL-35 was
positively correlated with the TGF-β closely, which was related to
Treg expression level in LC patients. Interestingly, the change
trend of the expression levels of TGF-β and IL-35 in serum was
consistent with Th17 Tregs in PBC (Li et al., 2018). Studies shown
that the expression level of IL-35 might have relevance to
histological grade and the severity of PBC. The expression
level of IL-35 in serum in patients with stage III or IV was
higher than that in patients with stage II. Furthermore, the
mRNA and protein expression levels of IL-35 had negative
association with LC Child-Pugh classification (Ma et al., 2014;
Li et al., 2018). LC patients with portal hypertension were treated
with phased joint operation (Cho et al., 2020). Then, the
concentrations of IL-35, IL-6 and IL-17 in peripheral blood
were significantly reduced after intervention. Whereas, EBI3

mRNA expression levels in postoperative group were higher
than normal control group (Wang et al., 2014).

In the early phase of HBV-related LC patients, Sun et al. have
observed an increase in population of Th17 cell and activation of
hepatic stellate cell secreting pro-inflammatory cytokines (IL-17,
TGF-β and IL-22) in LC patients. In order to reduce the damage
of hepatocytes by cytokines, IL-35 and IL-10 subsequently
secreted from Treg significantly blocked the differentiation of
Th17 cells and the production of IL-17 in the blood specimen of
HBV-related LC patients (Shi et al., 2015). In addition, IL-35
knockout promoted the expression levels of IL-17 and IL-22
(Ming et al., 2015). IL-22 is a very interesting cytokine, which has
also play very important in liver diseases (Hwang et al., 2020).
Mechanically, IL-35 could prevent the binding of TGF-β and its
receptor, which inhibit phosphorylation of Smad3 a downstream
effector of TGF-β receptor, thereby preventing the differentiation
of Th17 cells and the synthesis of IL-17 in the blood of HBV-
related LC patients (Ming et al., 2015). Taken together, IL-35 is an
immunosuppressive molecule that may participate in the
pathological process of PBC by inhibiting the expression levels
of Th1/Th17-related cytokines and inducing the expression levels
of Treg-related cytokines.

Interleukin-35 and Hepatocellular
Carcinoma
HCC, namely liver cancer, could be divided into primary
hepatoma and secondary hepatoma. Primary hepatoma
originated in the liver epithelial or mesenchymal tissue, and
had the characteristics of high incidence and high malignancy
(Hwang et al., 2020). Secondary or metastatic hepatoma would
happen once liver tumor was from other organs (such as stomach,
pancreas, colorectal, ovarian, uterine). HCC in China accounted
for the first and second cause of death in rural and urban areas,
respectively.

Increasing evidence showed that IL-35 could play a significant
role in the development and progression of HCC. The expression
level of IL-35 in serum was increased in patients with non-viral
hepatitis-related HCC (Tsai et al., 2020). The results of tissue
microarray in 75 HCC patients confirmed that IL-35 was mainly
distributed in the cytoplasm of cancer cells and peritumoral
hepatocytes. In addition, higher histological grades, larger
tumor size, positive microvascular invasion and lymph node/
distant metastasis were associated with low expression level of IL-
35 in HCC patients. It is suggested that down-regulated the
expression level of IL-35 could improve the poor prognosis of
HCC (Tsai et al., 2020).

It was reported that IL-35 derived from Tregs could facilitate
tumor growth by leading to T cell exhaustion, thereby showing a
limitation in anti-tumor immunity. Yang et al. found that IL-35
declined peripheral perforin mRNA and granzyme mRNA of
CD8+ T cells in peripheral and liver-resident from HCC patients.
Whereas, the exhausted markers of PD-1 and CTLA-4 were
highly expressed in CD8+ T cells treated with IL-35, meaning
that multiple cytotoxicity mechanism of CD8+ T cells were
applied to therapy HCC (Li et al., 2016). HepG2 cells with
overexpressed IL-35 had higher HLA-ABC and CD95, and
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lower activities of MMP-2 and MMP-9 responsible for
degradation of the basement membrane and the ECM, finally
presenting decreased cell migration, invasion and single cell
colony formation abilities (Yang et al., 2019b). Additionally,
the Notch signaling pathway was activated in HCC cells and
positively correlated with cell invasive migration capabilities,
suggesting that Notch signaling pathway was possibly involved
in the migration of invasive HCC cells (Tsai et al., 2020).
Moreover, the combination of IL-17 and IL-35 could inhibit
migration of different invasive hepatoma cells, including HepG2,
SMMC-7721 and MHCC97H cells. Meanwhile, IL-35 could
increase the expression level of E-cadherin and decrease that
of Snail, which was the major reason of cell adhesion and tumor
escape (Long et al., 2016). Above all, these results supported that
the decreased IL-35 in HCC tissues might result in the
progression of HCC through multiple anti-tumor immune
mechanisms.

THE REGULATORY ROLE OF
INTERLEUKIN-35 IN LIVER DISEASES

It was well acknowledged that IL-35 had an inhibitory impact on
immune system by stimulating and expanding Tregs (Qiu et al.,
2016). Evidences showed that IL-35 expression was obviously
elevated in HCV patients, and had a positive association with
DNA and RNA load of virus (Liu et al., 2017). Langhans et al.
have found that the viral core antigen could induce the
production of specific Tregs in chronic viral infection patients
(Xing and Tian, 2020). Treg cells comprised 5% to 10% of CD4+
T cells. It had two main classification: natural CD4+ CD25+ Treg
cells (nTreg) originated from thymus and CD4+ CD25-T cells
(iTreg) derived from native CD4+ T cell precursors after IL-10,
TGF-β and IL-35 stimulation (Tumino et al., 2017). Gene
knockout or IL-35 inhibitor was able to rescue nTreg
mediated by immune suppression. Furthermore, it was
observed that IL-35 also suppressed proliferation of T cell
through a cell cycle arrest at G1 phase, without affecting
apoptosis of T cell, indicating the important reason of
persistent chronic infection (Bardel et al., 2008). Additionally,
blockage of viral replication resulted in decreased level of IL-35 in
serum (Table 2). Therefore, the change of the ratio in Treg/T cells

or anti-/pro-inflammatory cytokines might be seen as indicators
or prognostic markers to evaluate the therapeutic effectiveness.

As known, Kupffer cells (KC) was responsible for
inflammation and elimination of pathogens. Inflammatory
Mφ, commonly called M1 and phenotypically described as
CD40+ CD86+ HLA− DR+ was characterized by secreting
pro-inflammatory cytokines or chemokines, like IL-1β and
nitric oxide (NO) (Long et al., 2013; Boltjes et al., 2015). Anti-
inflammatory Mφ, also termed M2, was consider to express the
arginase 1, mannose receptors, and the high affinity scavenger
receptor CD163, and release anti-inflammatory cytokines, such as
like IL-10, IL-35 and TGF-β, as well as angiogenic agents, like
VEGF (Coelho and Drummond, 2019). M2 were responsible for
the clearness of inflammation in tolerance mechanisms (Shigeoka
et al., 2020).When KCs were exposed to LPS, IL-35 could alleviate
the lethality of KCs toward hepatocytes by reducing pro-
inflammatory cytokines, like NO, TNF-α, IL-1β and IL-6,
along with boosting anti-inflammatory cytokines (IL-4 and IL-
10) (Shao et al., 2018). Meanwhile, it was showed that IL-35 had
no impact on production of NO and TNF-α in response to LPS
treatment in deletion of IL-10 mice and KCs in vitro.

Besides, IL-35 was recognized as an indispensable molecule in
suppressing Th1/Th17 cells and weakening immune response to
pathogen. IL-35 could partly attenuate chronic liver
inflammation by inhibiting IL-17 production and Th17
differentiation from CD4+ T cells in vitro, and reducing the
amount of Th17 cells of liver in vivo (Zheng et al., 2018; Yang
et al., 2019a). Ye et al. found that IL-17-prodocing cells increased
in liver fibrosis (Teng et al., 2019). Additionally, the increase in
the number of Th17 cells in liver cirrhosis patients could facilitate
activation of HSC, which contribute to further progression of
liver (Ye et al., 2010). The combination of IL-17 monoclonal
antibody with IL-35 could suppress the invasie Notch signalling
pathway.ve migration capability of hepatoma cells.

Notably, it was reported that MSCs modified by IL-35 (IL-35-
MSCs) could specifically move to the injured local tissues in liver,
significantly reduce the necrotic areas in livers, and block the
apoptosis of hepatocytes by reducing the FASL and mononuclear
cell (MNC) (Wang et al., 2018b). Another study showed that IL-
35-MSCs could decrease the secretion of IFN-γ from liver MNC,
which was related to the JAK1-STAT1/STAT4 signalling pathway
(Shouse and Nikolaenko, 2019). To sum up, the construction of

TABLE 2 | Functional role of IL-35 in different liver diseases.

Types of
diseases

Expression of
IL-35

Functions Ref. (PMID)

HBV + Prevente the hepatocytes apoptosis by reducing the FASL expression, decrease secretion if IFN-γ by the
JAK1-STAT1/STAT4 signal pathway

28644966

HCV + Increase the proportion of Foxp3+ Tregs in patients with chronic hepatitis, reduce IFN-γ, IL-6, IL-8, and
TNF-α by hepatocytes by p-STAT1 and p-STAT3 in HCV-infected hepatocyte

20222873,
30067145

Fibrosis + Deletion of IL-12p35 subunit induce a Th17 cell response, inhibited a Th1 cell response, and caused liver
fibrosis

22576253

Liver cirrhosis − Serum IL-35 levels were negatively correlated with the LC Child-Pigh classification plasma IL-35 from
PBC patients was negatively correlated with levels of IFN-γ, IL-23, and IL-17, and positively correlated
with TGF-β in the early and late stages

25323532,
29445068

HCC + Inhibited perforin mRNA expression and IFN-γ production in CD8+ T cells from non-viral hepatitis-related
HCC, suppressed cytolytic and non-cytolytic activity of CD8+ T cells

31134088,
27002937
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humanized antibodies that IL-35 might provide benefits for liver
diseases therapy.

THE THERAPEUTIC POTENTIAL ROLE OF
INTERLEUKIN-35

IL-35 was considered to serve as specific diagnostic markers,
potential therapeutic targets and strong indicators of prognosis,
due to the large heterogeneity of its clinical, laboratory and
histological features. High expression level of IL-35 was found
in various tumor tissues, including pancreatic ductal
adenocarcinoma (Lan et al., 2019), colorectal cancer (Huang
et al., 2017), acute myeloid leukaemia (Wang et al., 2018a) and
non-small-cell lung cancer (Wang et al., 2015). Elevated
expression level of IL-35 in serum in HCC patients might
act as an independent prognostic indicator (Yang et al.,
2019b). Furthermore, circulating IL-35 expression level
might suggest the dysfunctional immune system in anti-
tumor response, showing the activation of Tregs and the
apoptosis of CD8+ T cell (Heim et al., 2019). Moreover, IL-
35 expression level was positively correlated with intrahepatic
cholangiocarcinoma (ICC) aggressiveness, and served as an
independent prognostic factor (Xing and Tian, 2020). IL-35R
was composed by heterodimer of IL-12Rβ2 chain and gp130
chain or homodimers of each chain. Luckily, it was noted that
gp130 had a better accuracy to predict the survival and
recurrence of ICC patient compared with the traditional
TNM stage (Xing and Tian, 2020). The expression of IL-35
or gp130 was an independent prognostic factor in IL-35-
mediated ICC (Zhang et al., 2018; Xing and Tian, 2020).
Moreover, IL-35 was reported to promote the differentiation
of pro-inflammatory liver MΦ, and accelerate the shift fromM1
to M2, suggesting that IL-35 was a beneficial target to break

immune tolerance and facilitate a functional cure of chronic
viral infections (Figure 3).

In addition, although the induction of new receptor-based
drugs has been put forward and has attracted massive discussion
in recent years, obstacles still remain such as tumor cells still
sharing some antigens with normal cells. For example, tumor cells
still share some antigens with normal cells. It is not evitable that
anti-infection curation can trigger severe autoimmune reactions.
Thus, it has long way to find out a unique, safe and efficacious
approach to treat liver diseases.

CONCLUSION

IL-35 played crucial function in the process of liver diseases
through immunosuppressive regulation. Pro-inflammatory and
anti-inflammatory, two opposite mechanism, were in relation to
the ultimate formation of diseases at the occurrence of liver injury
(Figure 2).

The problem between immune-mediated pathogen clearness
and inflammation in our organism was a meaningful thing to
explore in liver injury (Zhou et al., 2020). Early inflammation was
a protective mechanism for liver to fight against exogenous
materials. Unfortunately, inflammation could also be caused
by both strong or weak clearance. Specifically, the decrease of
immune activity would increase the chance of cancer and chronic
infection, and the main cause of pathological evolution of various
acute infectious diseases, allergic reactions and autoimmune
diseases was the over-active immune system (Roth et al., 2020;
Yoshimura et al., 2020). Considering the interaction between
various innate immune and adaptive immune, the environment
of cytokines and chemokines secreted by immune cells was
extremely important for the fate of these cells, which played a
role of isolation or mutual adjustment (Yoshimura et al., 2020).

FIGURE 3 | The regulated role of IL-12 family in Immunity (Tregs: T regulatory cells).
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Practical experiments had proved the expression level of IL-35 in
serum in patients with PBC were low (Li et al., 2018). In addition,
lower IL-35 was also observed in CHB patients, accompanied by
more Tregs and more CD4+ T cells in high viral load group than
healthy controls (Liwinski et al., 2020). However, the expression
level of IL-35 in serum was higher in HepG2 cells, to which was
conducive to evading attack from the immune system (Zheng
et al., 2018). Furthermore, IL-35 required additional immune-
regulatory cytokines, such as IL-10, TGF-β, IFN-γ to induce
effective and maximal anti-inflammatory and
immunomodulatory effects (Xu et al., 2020a). Thereby, the
important balance among regulatory T cells, T helper cells and
T cells was determined by IL-35 in cooperating with other
cytokines, which affected inflammation, pathogen clearness
and tumor escape.

FUTURE EXPECTATION

As we all known, liver disease is one of themost prevalent diseases
all around the word, with a high incidence rate and mortality rate
(Zhang et al., 2020). On the basis of the statistics of theWHO, this
puts people at high risk of death due to LC and HCC, resulting in
a heavy global health burden (Bayoumi et al., 2020). If the local
injury is persistent and intense, normal liver tissue will be
gradually replaced by nonfunctional fibrotic scars due to the
maintained inflammatory response. The imbalance between
tissue regeneration and fibrosis will determine the outcome of
health recovery or cirrhosis.

In normal physiological, the main physiological function of
IL-35, mainly secreted by Treg, is to inhibit the formation of Th1
and Th17 cells and promote the proliferation of Treg (Lim et al.,

2020). Treg, a special subset of CD4+ T cells, is essential in the
regulation of immune-mediated diseases such as autoimmune
diseases, tumorigenesis and some infections (Bobryshev et al.,
2015). Foxp3+ Treg is the activated form of Treg. Foxp3+ Treg
becomes an important infection tolerance regulator by
transforming conventional CD4+ foxp3− T cells (Tconv cells)
into induced CD4+ Foxp3+ (Dehghani et al., 2020). Treg is
directly produced by suppressive cytokines, such as IL-10,
TGF-β, and IL-35, or indirectly produced through activating
dendritic cells. IL-35-induced Tregs derives from CD4+
Foxp3− T cells treated with IL-35, termed “iTr35 cells,” which
has strongly suppressive ability in vivo, and mediated
immunosuppressive function via IL-35 but not via the
inhibitory TGF-β or IL-10 (Zhang et al., 2019).
Unconventionally, the transcription factor Foxp3 is not
expressed or required by the newly identified iTr35 cells.
Moreover, IL-35 and iTr35 cell develope a positive feedback
loop to interact each other (Hamed et al., 2019; Xu et al.,
2020b). It is found that HBV could also serve as a stimulus to
the Treg to initiate IL-35. IL-35 is expressed in different cell types,
diseases, or developmental stages to execute a wide variety of
regulatory roles at virtually gene expression and translation
(Bianco et al., 2020; Cavallone et al., 2020). However, most
normal T cell subsets and tissues seem not to constitutively
express IL-35 in human. Furthermore, the regulatory activity
of Treg from EBI3 or p35 knockout mice was significantly
reduced, compared to that of wild-type Treg in vivo and
in vitro, suggesting that IL-35 was critical for the regulatory
activity of Treg (Huang et al., 2019; Tsai et al., 2020) (Figure 4).

Monoclonal antibodies (mAbs) excellent drug candidates due
to their high antigen specificity, also have favorable PK properties
and engineer-friendly modular structure compared to small

FIGURE 4 | The related structures and signals of IL-12 family (IL-12, IL-23, IL-27 and IL-35).
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molecules (Sullivan et al., 2020). Beginning with the approval of
the first monoclonal antibody rituximab for hematological tumor
therapy in 1997, this targeted therapy branch has been shown to
significantly enhance tumor therapy, bringing high specificity
and minimal off-site toxicity (Kovalova et al., 2020). Meanwhile,
previous investigations have confirmed that IL-35 plays an
important role in liver diseases. Preparation of IL-35
monoclonal antibody in the treatment of liver diseases may
promote liver healing and reduce side effects. On the other
hand, CRISPR-Cas9 genome editing system provides a
tremendous promising strategy for versatile and high
specifically targeting genome editing (Popkova et al., 2020).
Genome editing also involves the precise manipulation of
cellular DNA sequences to alter cell fates and organism traits,
that has been widely applied in treating various genetic diseases
(Deng et al., 2020). Generally, genome editing strategies involve
DNA modifications in living organisms, including “beneficial”
deletions, corrections via gene replacement, and insertions, and
related protocols have been established for introducing these
modifications in stem cells during the last decades (Doudna,
2020). Therefore, genome editing strategy is likely to treat liver
diseases by changing the expression level of IL-35.

Due to the lack of treatment options in liver diseases, there is
an urgent need to improve our understanding of the mechanisms
of liver diseases so that more effective treatments can be
developed to prevent and combat liver diseases. Overall,

current evidence supported that IL-35 is a hallmark of
immune-regulation in chronic hepatitis, liver fibrosis, LC and
HCC progression.
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