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Non-alcoholic fatty liver disease (NAFLD) is currently the most common cause of chronic
liver disorder worldwide. The pathological spectrum of NAFLD ranges from simple
steatosis to non-alcoholic steatohepatitis (NASH) that induces progressive liver cirrhosis
and eventually hepatocellular carcinoma (HCC). However, the molecular mechanisms
driving the transformation of NASH are obscure. There is a compelling need for
understanding the pathogenic mechanisms of NASH, and thereby providing new insight
into mechanism-based therapy. Currently, several studies reported that complement
system, an innate immune system, played an important role in the pathogenesis of
NAFLD, which was also proved by our recent study. Complement component 3 (C3),
a protein of the innate immune system, plays a hub role in the complement system.
Herein, we present a review on the role and molecular mechanism of C3 in NASH as well
as its implication in NASH diagnosis and treatment.

Keywords: non-alcoholic fatty liver disease, complement C3, complement C3 receptor, pathogenic mechanism,
therapy

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) has become a very common liver disease worldwide. The
disease spectrum includes non-alcoholic fatty liver (NAFL), non-alcoholic steatohepatitis(NASH),
nutritional fibrosis and hepatocellular carcinoma Cancer (HCC). Epidemiological investigations
show that the prevalence of NAFLD is 25-30% in western countries (1). With the change of diet
structure and lifestyle, the prevalence of NAFLD is 17-46% in China (2). Notably, the prevalence
of NAFLD in young children is currently increasing year by year, and the high prevalence rate is
alarming (3). Among NAFLD patients, the prevalence of NASH is about 20% (4). However, the
diagnosis of NASH relies on liver biopsy and the non-invasive diagnostic methods are limited.
To date, there’s no Food and Drug Administration (FDA)-approved drug for NAFLD and NASH
treatment. Therefore, there is an unmet clinical need for the diagnosis, prevention and treatment
of NAFLD and NASH. In recent years, innate immunity is thought to play an important role in
the development of NAFLD. Therefore, we summarized previous studies and provided a holistic
framework concerning the relationship between complement and NAFLD.
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THE OVERVIEW OF COMPLEMENTS
SYSTEM

In the early stage of NAFLD, bacterial endotoxin, free fatty
acid (FFA), cholesterol and many other substances in the body
can activate the complement system through danger associated
molecular patterns (DAMPs) or pathogen associated molecular
pattern (PAMPs) (5, 6). Complement system, which is considered
as an important innate immunity (7-10), has been confirmed
to be cascade-activated through the following three pathways:
classical, lectin and alternative, all of which converge in the
formation of fraction C3. Briefly, in the activated complement
signaling pathway, complement component C3 is cleaved into
C3a and C3b through C3 converting enzyme, in which C3b
binds with C3 converting enzyme complex to form C4bC2aC3b
complex in classical pathway and lectin pathway and C3bBbC3b
complex in alternative pathway. Both complexes are converting
enzymes of complement molecule C5, and then further activate
the downstream molecules of Complement system to form
membrane attack complex (MAC/C5b-9). Furthermore, the
classical activation pathway mainly involves the binding of
antigen with immunoglobulin (IgM or IgG) or C-reactive
protein. In the lectin pathway, Complement activation is
triggered by the interaction complex carbohydrate residues with
the surface of pathogens to circulating mannose binding lectins
(MBL) or ficolins. The alternative pathway is activated by the
direct combination of hydrolyzed C3b and bacterial membrane
surface (Figure 1).

COMPLEMENT C3 AND NAFLD

Currently, the role of Complement system in NAFLD disorders
has been extensively investigated in clinical epidemiological
studies (11). Serum complement C3 levels are positively
associated with the severity of NAFLD. A Turkish case-control
study involving 46 NAFLD patients demonstrated that the
level of Complement component C3 was significantly higher in
peripheral blood of NAFLD patients than that of healthy control
group and chronic hepatitis B control group (12). Moreover,
a Dutch cross-sectional study involving 523 middle-aged and
elderly patients with NAFLD found that the level of C3a, the
active product of complement C3, was closely related to liver
fat content (13). Consistently, two large sample epidemiological
studies recruited thousands of cases in China showed that the
level of serum complement C3 was an independent risk factor
for the diagnosis of NAFLD and related to the prevalence
and the severity of NAFLD (14, 15). Apart from the serum,
the deposition of C3 is also identified in the liver tissue of
NAFLD patients accompanied with the deposition of MAC-
C9 (16). The deposition of C3 was proved to be mainly

Abbreviations: NAFLD, Non-alcoholic fatty liver disease; NASH, Non-alcoholic
steatohepatitis; HCC, hepatocellular carcinoma; C3, Complement component 3;
NAFL, non-alcoholic fatty liver; FDA, Food and Drug Administration; FFA,
free fatty acid; DAMPs, danger associated molecular patterns; PAMPs, pathogen
associated molecular patterns; MAC, membrane attack complex; MBL, mannose-
binding lectin; IL, interleukin; KCs, Kupffer cells; NLR, neutrophil to lymphocyte
ratio; NAS, NAFLD activity score.

located around the hepatocytes with macrovesicular steatosis.
Subsequently, clinicopathological examination confirmed that a
large number of hepatic parenchymal cells were apoptotic in
the liver tissue with complement C3 activation. Complement
C3 activation could lead to a large number of neutrophils
infiltration and abnormal increase of IL-8 and IL-6 expression
in liver tissue, while C9 deposition could lead to increased IL-
1B expression in liver cells. Additionally, in other patients with
NAFLD, there was a close correlation between serum C3 level
and NAFLD. For example, Pan et al. demonstrated that C3 was
the only highly predictive factor in diagnosing NAFLD from
648 recruited patients with chronic kidney disease by Logistic
regression analysis (17). Ursini et al. recruited 164 patients with
rheumatoid arthritis, of which 25% (41/164) were complicated
with NAFLD. Further logistic regression analysis also confirmed
the high correlation between C3 and NAFLD analysis (18).
Most importantly, Himoto et al. found that the increased serum
C3 levels are closely related to the abnormal metabolism of
the body including obesity, insulin resistance, and/or hepatic
steatosis in those patients with chronic hepatitis C, which had
nothing to do with chronic HCV infection (19). Collectively, the
complement system is closely related to NAFLD. It is speculated
that the complement system is largely activated to regulate the
immune inflammatory response in the pathogenesis of NAFLD,
which directly participates in the occurrence, development and
prognosis of NAFLD.

THE PATHOGENIC C3 ACTIVATION IN
NAFLD PROGRESSION

NAFLD severity was closely associated with accumulation
of activation products of C3 around steatotic hepatocytes.
However, the underlying mechanism by which complement C3
in NAFLD remained elusive. Hepatocytes are confirmed to be
the predominant origin of complement components including
C3 protein. Because C3 is the key molecule in the pathway
of complement system activation (7), several hypotheses are
proposed that C3 plays an important role in lipid metabolism
in the pathogenesis of NAFLD (Figure 2): Firstly, C3 is mainly
synthesized by hepatocytes and identified to appear in lipoprotein
particles such as high density lipoprotein and chylomicron (20,
21). When complement C3 gene was knocked out in mice, serum
triglyceride levels increased 58% higher compared with wild-type
mice, and the increased lipoprotein profile is mainly low-density
lipoprotein and very low-density lipoprotein (21), indicating a
potential role of C3 in lipid metabolism regulation (22). Secondly,
Complement system directly regulates the oxidative stress in
hepatocytes with excessive fat accumulation. It is well-known
that multiple-hit hypothesis has been widely accepted in the
pathogenesis of NAFLD. The first hit is closely linked with
insulin resistance under fat accumulation. With the response of
hepatocytes to oxidative stress, a large number of inflammatory
cytokines are secreted in the liver, which further cause the
second hit in hepatocytes (23). Complement component C3,
as a major player in innate immune response, might be
activated by the first hit and forming the second hit in NAFLD
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FIGURE 1 | Schematic diagram of complement system activation.
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pathogenesis (24). Thirdly, the phenomenon of apoptosis is a
typical pathological feature in the liver with NAFL and NASH.
Due to the accumulated fat droplets in hepatocytes, a variety
of apoptotic cascade pathways are activated including caspases
3 and 7 or cleavage of cytokeratin 18, resulting in a large
number of hepatocytes apoptosis. Complement system was found
to be quickly activated by the apoptotic hepatocyte debris.
Furthermore, the activated Complement system immediately
recognized and cleaned the apoptotic pathological liver cells,
thus maintaining the homostasis in liver (25). Thus, elevation
of serum complement C3 might act as a protective response in
NAFLD mediated by apoptosis. Finally, Complement activation
is indicated to be involved of novel molecular mechanism
in the pathogenesis of NAFLD. Acylation-stimulating protein
(ASP), a C3 derivative involved in adipocyte lipid metabolism by
stimulating triglyceride synthesis, was reported to be increased in
NAFLD patients (26). A vicious cycle has been further confirmed
in the pathogenesis of NAFLD. ASP can promote the fat
accumulation in liver cells to exacerbates hepatic steatosis. On the
other hand, the fatty liver promotes the activation of complement
system to increase ASP synthesis (12). In brief, there is a potential
balance in the pathogenesis of NAFLD between complement

system activation and hepatocyte lipid metabolism signaling,
which maintains the stability of liver internal environment. Once
the balance is broken, the process of hepatocyte lipid metabolism
will enter a vicious circle, which exacerbates irreversibly hepatic
steatosis as a consequence.

C3a/C3aR ACTIVATION AND METABOLIC
FUNCTION

Recently, increased evidence showed that C3a can change
the storage, transportation and utilization of glycolipids in
adipocytes and directly affect adipogenesis, glucose uptake and
lipolysis in the pathogenesis of NAFLD. Oral administration
of selective C3aR antagonist for 8 weeks can significantly
improve the typical symptoms of metabolic syndrome in diet-
induced obese rats, including weight loss, visceral fat reduction,
glucose and insulin intolerance improvement, adipose tissue
inflammation relief, blood lipid concentration dropping, etc.
The above research results innovatively provide two novel
mechanisms of C3a involved in energy metabolism on theoretical
and experimental basis, that is, C3a can not only promote
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the uptake of fatty acids and glucose by adipocytes, but also
inhibit fat burn-off by inhibiting cAMP synthesis and lipolysis
in adipocytes (27). These studies fully elucidate the important
correlation between complement C3a/C3aR signaling pathway
and energetic metabolism, and further reveal the molecular
mechanism of abnormal immune response aggravating obesity
and metabolic dysfunction. More importantly, antagonists
targeting C3a/C3aR signaling pathway is considered as a novel
strategy for the treatment of metabolic dysfunction, including
NAFLD. Consistently, our recent result also found that C3a/C3aR
signal pathway was closely related to the development of
NASH-fibrosis. In C3aR~/~ mice model, we also demonstrated
that C3aR depletion significantly reduced the progression of
NASH related liver fibrosis (28).Studies have confirmed that
C3a is an important derivative produced by C3 cleavage when
complement system is activated. C3a has significant biological
characteristics of anaphylactic toxin and is an important pro-
inflammatory molecule in the body. It can directly trigger mast
cells degranulation, inflammatory reaction, chemotaxis effect,
granulocyte activation as well increasing vascular permeability,
promoting smooth muscle contraction and clearing away the
immune complexes, etc (29). In other words, C3a plays an
important role in the pathogenesis of a variety of clinical

diseases, including organ ischemia-reperfusion injury, sepsis
and metabolic inflammation (27, 30-37). Structurally, C3a is
composed of 77-aa polypeptide containing three to four helical
regions. A series of irregular amino acid residues is also proved
in the C-terminal of C3a protein, which is flexible in spatial
conformation. There is evidence that these flexible C-terminal
residues are necessary to stabilize the conformation on binding
C3aR by the upstream a helix (38-40). It has been demonstrated
that C3a exerts its biological effect mainly by binding to its
receptor C3aR, which belongs to G protein-coupled receptor
containing seven trans-membrane regions. C3a/C3aR interaction
is generally regulated by G protein-coupled receptor kinase-
mediated receptor phosphorylation (41). In the past, it has been
considered that C3aR is the only specific receptor of C3a. It
shares close homology with C5a specific receptors C5aR1 and
C5aR2. However, recent studies have showed that the interaction
of C3a/C3aR seems to be more complex than expected. For
example, C3aR has been found to be able to couple with
heterotrimeric G proteins depending on different cell types (42—
44). In human granulocytes, C5a can inhibit the activity of
C3aR. Ruan et al. confirmed that C3a can form a complex
with CpG oligonucleotides to improve the release of IFN-a in
monocytes (45). Neuropeptide TLQP-21 (a cleaved fragment
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of VGL propeptide) was found to specifically binds on C3aR
and fully activate the biological function of C3aR in mice,
which completely comply with the conformational change of
ligand/receptor interaction (46, 47). Additionally, recent studies
have demonstrated that C3a can bind to the receptor of advanced
glycation end products (RAGE) with very high affinity, but this
high affinity interaction cannot be explained by a simple ligand
upon receptor binding (45, 48).

C3a/C3aR AXIS AND IMMUNE RESPONSE
IN NAFLD

Kupffer Cells/Macrophages and C3a/C3aR
Axis in NAFLD

Liver is the largest reservoir of macrophages in the body, and
macrophages in liver play a key role in the pathogenesis of
NAFLD (23, 49, 50). According to different origin, macrophages
in liver can be divided into two types, one is Kupffer cells
fixed in liver, the other is monocytes/macrophages derived from
bone marrow. They mainly play the role of innate immunity
such as phagocytosis and secretion of inflammatory cytokines.
At the early stage of NAFLD, Kupffer/macrophage cells are
the first defense lines against the accumulation of excessive
lipid metabolites in the liver. Firstly, steatotic hepatocytes
disturb hepatic sinusoidal perfusion because of the “gap
occupying” effect and Kupffer cells are subsequently attracted by
neutrophils to the sinusoidal gap to participate inflammation.
Secondly, free fatty acids (FFA) excessively interact with the
FFA specific receptors on Kupffer/macrophage cells surface to
regulate inflammatory response. Thirdly, Kupffer/macrophage
cells mistakenly attribute the abnormal hepatocytes full of
excessive lipid accumulation to the harmful substances and
immediately phagocytize and destroy them, which further
aggravate hepatocyte damage (51). Under the above conditions,
these overactivated Kupffer/macrophage cells secrete a large
number of inflammatory cytokines (such as TNFa, IL-6, IL-1p) as
well as inflammatory chemokines (such as CCL2, CCL3, CCL5,
CXCL16, CX3CL1,). In addition, Kupffer cells also recruit a
large number of bone marrow-derived monocytes/macrophages
into the liver to expand the inflammatory response and
accelerate the liver from simple steatosis to NASH (52).
CCL2/CCR2 interaction is proved to be the first signal pathway
in Kupffer/macrophage recruiting monocytes from bone marrow
(53). Afterwards, some other chemokines signal pathways are
also confirmed through Kuppfer cells mechanisms such as
CXCL10/CXCR3, CCL5/CCR1, and CCL1/CCRS8 (11). In recent
years, a number of research groups have got the highly consistent
results by various ways to delete macrophages in NAFLD mice
model (54-56). Namely, knocking-out monocytes/macrophages
can reduce significantly the severity of liver steatosis and
inflammation and further delay the process of NAFLD. However,
so far, there is no systematic and in-depth study on the specific
molecular mechanism of regulating macrophage activation in the
whole pathogenesis of NAFLD.

As mentioned above, hepatocytes are the main origin to
synthesize C3a molecules, and C3aR is predominantly located

in the cell membrane of monocytes/macrophages. In the
chronic phase of liver inflammation, C3a/C3aR signaling activity
is showed more significant in monocytes/macrophages than
that of neutrophils (57, 58). Under this condition, C3a can
activate the signal pathway of peripheral blood monocytes
with the co-stimulation of TLR-4, and further induce the
secretion of various proinflammatory factors such as IL-1 f,
TNF-a, IL-6 and PGE2 (59-63). This view is supported by
evidence that liver steatosis have modest pathology reductions
in C3aR1~/~ mice models (57). Therefore, we speculate that
the C3a/C3aR interaction may be a novel signaling pathway
by activating macrophages to regulate the occurrence and
development of NAFLD. In the early stage of NAFLD, a
large amount of fat accumulates in hepatocytes, resulting in
the broken balance between complement system activation
and hepatocyte lipid metabolism. Subsequently, Complement
cascades enter into an overactivated state and excessive amount
of C3 molecular is cleaved to release C3a. Through the specific
interaction of C3a/C3aR, Kupffer/macrophages cells in the liver
are directly activated to secrete inflammatory chemokines to
recruit monocytes from peripheral blood into the liver, which
further expand the inflammatory response in the steatotic liver
(24) (Figure 2).

Hepatic Stellate Cell and C3a/C3aR Axis in
NAFLD

Under normal physiological conditions, component C3 is
mainly expressed in hepatic parenchymal cells. However, recent
evidence has demonstrated that C3 is also slightly expressed
in other type cells such as bone marrow cells, lymphocytes,
fibroblasts and endothelial like cells (64). Activated hepatic
stellate cells, as the initiating factor of hepatic fibrogenesis,
have obvious characteristics of fibroblasts. Up to now, there are
relatively few reports about complement C3 directly involved
in the activation of hepatic stellate cells (HSCs) about NAFLD.
A recent study showed that activated hepatic stellate cells
could promote the hepatocarcinogenesis through C3 signaling
pathway by inhibiting the proliferation of CD4 + and CD8 +
cells, promoting the exhausting anti-tumor T lymphocytes as
well as improving the differentiation of bone marrow-derived
suppressor cells (MDSC) (65). Consistently, our recent results
demonstrated that C3a/C3aR signaling pathway was activated in
the mouse model of nutritional fibrosis. The related mechanism
is being further explored in C3aR™/~ mice (28). However,
Component cascade activated C5 molecular is found to be a key
factor that contributes to hepatic fibrosisgenesis by enhancing
the migration ability of hepatic stellate cells. Furthermore, the
C5a/C5aR axis was shown to directly mediate inflammatory,
chemotactic and anaphylatoxic properties in innate and adaptive
immunity as well as to modulate activation and migration of
HSCs (66).

T Cell and C3a/C3aR Axis in NAFLD

It has been confirmed that T cells play an important regulatory
role in the pathogenesis of NAFLD. The balance has a directly
effect in the pathogenesis of NAFLD between Th1-secreted pro-
inflammatory cytokines and Th2-secreted anti-inflammatory
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cytokines (67). The number of CD4™" helper T cell 17 (Th17)
subsets was significantly higher than that of regulatory T
cells (Treg) in the pathogenesis of NAFLD (68-72). With the
development from simple steatosis to NASH, the number of Th17
cells in liver and peripheral blood increased continuously in a
clinical epidemiological study of 104 human subjects (including
30 patients with NASH, 31 patients with simple steatosis and
43 healthy controls), resulting in a significant increase in
Th17/resting T regulatory cell ratio (70). There is no doubt
that C3a molecule directly participates in T cells proliferation
and differentiation as well as regulates the biological function,
but the mechanism is complex (73, 74). It is still controversial
whether C3aR is widely expressed in T cells (75). When C3aR
gene was knocked-out as a target, the number of T cells was
significantly reduced in C3aR™/~ mice model (73, 76). Further
studies confirmed that increasing the intracellular expression of
C3a in T cells can significantly prolong their survival (77, 78).
TCR stimulation can significantly up-regulate the expression of
C3aR mRNA in T cells (79). Therefore, it is speculated that
C3a further regulates T cells proliferation, differentiation and
biological functions through a potential autocrine way. Recent
studies have shown that C3a can promote T cell proliferation,
enhance T cell reaction and prolong inflammatory response
by inhibiting Treg production (73, 76). After adoptive transfer
of C3aR™/~ T cells into wild-type animals, the immunological
function of Treg was seriously changed (76). In addition, there is
evidence that C3aR activation in antigen-presenting cells (APCs)
can inhibit Th2 polarization and further block IL-4 secretion
(80). Under the synergistic effect of C5aR1 signaling pathway,
C3aR can suppress the production of TGF -B1 by dendritic cells,
reduce the stimulation of Treg differentiation, and then eliminate
the inhibitory response to Th1 (76).

Neutrophil and C3a/C3aR Axis in NAFLD

Neutrophil infiltration is usually observed in the liver of NAFLD
patients, and the severity of infiltration is closely related to disease
progression (81, 82). The excessive fat accumulation overloads
the normal metabolic capacity of hepatocytes. Subsequently,
the abnormal metabolic injury results in neutrophils to
be overactivated and recruited to the steatosic liver. After
administration the neutrophil-specific antibody 1A8 into mice,
hepatic lipid accumulation and inflammation were significantly
attenuated in HFD diet induced NAFLD models, which further
slowed down the progress of NASH (83). Currently, neutrophil
to lymphocyte ratio (NLR) has been clinically used as an
effective biomarker to predict the severity of NAFLD (84-86).
Accumulating evidence shows that NLR is positively correlated
with NAFLD activity score (NAS) and an independent predictor
of NAFLD prognosis. The higher the NLR value, the higher
the severity of the disease, and the worse the prognosis of
NAFLD. In the study of 101 NASH patients, the NLR value
was significantly higher than that of controls without NAFLD
(mean 2.5 vs. 1.6, P < 0.001) (87). In the stage of NASH
related fibrosis, the NLR value in advanced fibrosis stage (f3-4)
was significantly higher than that of patients with early fibrosis
stage (f1-2) (median: 2.9 and 1.8, P < 0.001) (87). So far, it
has been controversial for C3a/C3aR interaction in neutrophils

because the pure neutrophils was isolated difficultly over a long
period in the past, which resulted in the doubt that C3a induced
neutrophil activation may be contaminated by non-neutrophils
(88). At present, C3aR is definitely identified to express with
high level on the surface of neutrophils. Curiously, although
C3a/C3aR interaction can activate downstream ERKI/2/Akt
signaling pathway, C3a alone does not play chemotactic function
as well as stimulate neutrophil degranulation. Recent study
suggested that the signaling produced by C3a stimulation of
neutrophils was found to be dependent under the synergistic
effect of C5aR2 (89). Another study demonstrated that C3a
directly prevents neutrophils migration from bone marrow to
peripheral circulation by antagonizing neutrophils migration
factors (such as G-CSF) (72). Altogether, the specific mechanism
of C3a/C3aR in neutrophils in the pathogenesis of NAFLD needs
to further explore in the coming future.

C3a AS A BIOMARKER FOR
NON-INVASIVE NASH DIAGNOSIS

Although NASH is increasingly prevalent, it’s hard to be
diagnosed. Yet liver biopsy is recognized as the gold standard, but
it is limited by its sampling bias, poor acceptability, and severe
complications. Therefore, non-invasive methods are urgently
needed to avoid biopsy for diagnosing NAFLD. Currently, some
serum biomarkers have been widely accepted for the diagnosis of
NASH such as the circulating serum levels of CK-18, the single
nucleotide polymorphisms located in PNPLA3 as well as the
non-coding RNAs, etc. (90). Especially, the most recent efforts
concentrating on “omics” approaches (lipidomics, proteomics,
and metabolomics) using high-throughput technologies have
shown promising results to identify novel biomarkers of NAFLD,
NASH, and advanced fibrosis (91). However, those diagnostic
accuracy need to be further improved by combining other
different approaches.

Complement system activation has been demonstrated in
liver biopsies from patients with NAFLD compared to healthy
controls. It has been confirmed that complement C3 levels
increased in patients with NASH, but not in those with viral
liver disease. More recently, circulating C3 levels have been
demonstrated to predict the presence of NAFLD in a large cohort
from general population independently of the most plausible
confounders such as the presence of metabolic syndrome and
obesity. In addition, some similar evidence was also confirmed
in the other disease combined with NAFLD. Ursini et al. provide
an important evidence for the potential role of complement
C3 as a surrogate biomarker of NAFLD in a large cohort of
Rheumatoid arthritis (RA) patients at the best cut-off value of
1.23 g/l for complement C3 with a sensitivity of 76% and a
specificity of 64% (18). Pan et al. demonstrated the predictive
role of complement C3 as a candidate biomarker for diagnosing
NAFLD in chronic kidney disease (CKD) patients at the best cut-
off value of 993.5 mg/L for complement C3 with a sensitivity of
63.9% and a specificity of 70.1% (17). Therefore, serum C3 may
be fully used as a non-invasive diagnostic marker in the coming
clinical diagnosis of NASH.
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THE POTENTIAL BENEFIT FROM
ANTAGONIZING C3aR IN NASH THERAPY

With the increasing incidence of global NAFLD, more and more
strategies are explored to prevent effectively NASH in medical
treatment nowadays. It is of great significance to find the specific
signal pathway leading to the occurrence of NAFLD. Intriguingly,
C3aR was indicated to be a remarkable gene closely related
to obesity and potential insulin resistance in the mice model
intercrossed among different strains by integrated genomic
analysis (92). On this base, it is speculated to be a very promising
treatment through targeting C3a/C3aR in the pathogenesis of
NAFLD. So far, researchers have designed a variety of small
molecule antagonists for C3a/C3aR signaling pathway and
verified their pharmacological effects. For example, a series of
diaminoisoindoline compounds can play a significant role as C3a
antagonist at the micromolar level (93). A new oral selective
antagonist of C3a receptor, discovered by heterocyclic hinge
control conformation, can significantly block the recruitment
and activation of macrophages and neutrophils and then play the
role of inhibiting the expression of inflammatory mediators (94).
Also known is FLTChaAR (IC50 240 nM, Ca2+, macrophages),
a significant hexapeptide C3a antagonist, which provide an
important reference for the coming antagonist design (95). As
C3aR antagonist obtained through high-throughput screening,
Sb290157 is thought as the most promising drug for the
treatment of metabolic syndrome including NAFLD in the

clinical future (88, 96). In the obese rat models fed by high
carbohydrate and saturated fat diet, SB 290157 can attenuate the
inflammatory response by mainly controlling macrophages into
adipose or liver tissue (97), which significantly reduce the obesity
and body weight by effectively improving liver metabolism
(27). Subsequently, it was further confirmed that the IC50s of
sb290157 were 27.7nm in RBL-C3aR cells and 28 nm human
neutrophils, respectively. Most importantly, sb290157 is found
to acts selectively on C3aR not C5aR or other six chemotactic G
protein coupled receptors, which indicates very potential effect in
the clinical application (96).

Recent evidence has elucidated C3 as a potent lipogenic
hormone in the pathogenesis of NAFLD according to preclinical
and translational evidence. Theoretically, initial discussions
primarily relied on considerations of C3 deficiency which
often leads to a broader range of susceptibilities to infections.
As a matter of factor, it can be effectively avoided by
developing therapies targeting C3a/C3aR, which participates in
inflammatory responses such as anti COVID-19 and anti-HCC
treatment (97-102). Complement C3 activation may interfere
with NAFLD with at least two distinct mechanisms by enhancing
adipose tissue inflammation via the local engagement of C3a
and Cba receptors as well as by providing the substrate for the
conversion of C3a into ASP that may exerts its effects systemically
(103). Regretfully, no clinical registered trial is found to target
C3a or C3aR in NASH therapy so far. Our previous studies
have shown that C3a/C3aR participates in the pathogenesis of
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NASH even fibrosis by regulating various signaling pathways and
mentioned the protective function in the C3aR~/~ mice model
(28). Therefore, in-depth investigations and awareness of the
roles of C3a/C3aR in NASH are urgently needed that will lead
to a further expansion of potential indications for complement
treatments in the future.

Traditionally, C3a/C3aR signaling axis plays a pro-
inflammatory role in the pathogenesis of NAFLD. However,
recent studies have found that in the early stage of NAFLD,
C3a plays an anti-inflammatory role by preventing neutrophils
from accumulating in liver tissue (58). In fact, whether C3a
is pro-inflammatory or anti-inflammatory is not mutually
exclusive in the pathogenesis of NAFLD, but depends on the
balance between pro-inflammatory and anti-inflammatory
effects of C3a, which determines the final outcome of the disease
(Figure 3). For example, C3a plays a pro-inflammatory role in
the NASH stage of NAFLD by activating Kupfter cells under the
effect of neutrophil elastase. If neutrophils were deleted at that
time, the activation of Kupffer cells was significantly delayed
(104). Therefore, the dual role of C3a/C3aR signaling axis should
be considered for the rational designing therapeutic strategies
targeting C3a/C3aR in the effective treatment of NAFLD.

CONCLUSION

Complement system is one of the most important innate immune
barriers in the body, among which complement C3 is the
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