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Chronic liver diseases with different etiologies can 
provoke a fibrotic wound-healing response, which leads to 
liver fibrosis. Liver fibrosis is characterized by abnormal 
deposition and distribution of extracellular matrix (ECM), 
which restricts the regeneration of normal liver, and finally 
results in liver cirrhosis, liver failure or even hepatocellular 
carcinoma (HCC) [1]. Etiologically, about 40% of HCC is 
caused by hepatitis B virus (HBV), 40% caused by hepatitis 
C virus (HCV), 11% caused by chronic alcohol abuse, 
and about 10% due to other causes, with an increasing 
prevalence of nonalcoholic fatty liver disease, and all 
these etiologies could lead to liver fibrosis, and contribute 
to a favorable niche for tumorgenesis [2]. Globally, liver 
cirrhosis currently accounts for approximately 1.16 million 
death each year, which ranks the 11th most common 
causes of death [2]. Despite increasing development of 
therapeutic strategies in the past two decades, there is still 
no approved anti-fibrotic drug to date [3]. Therefore, it is 
urgent to make further elucidation of the mechanism of 
liver fibrogenesis. 

Hepatic stellate cell (HSC) activation is the central event 
of liver fibrosis. During this process, the quiescent vitamin-
A-storing HSCs transdifferentiate into myofibroblasts, 
with enhanced abilities of ECM production, proliferation, 
contraction and migration [4]. HSC activation is regulated 
by various pathways and mediators, and induction of 
apoptosis, deactivation and senescence are the critical 
pathways for HSCs clearance and liver fibrosis resolution 
[1,5,6]. As recently reported, fibrosis is orchestrated by the 
‘big five’, including macrophages, myofibroblasts, matrix, 
mechanics and miscommunication [7]. HSCs are resided 
in the ECM, and ECM not only provides structural support 
for HSCs, but also modulates the biological processes of 
HSCs [7]. Thus, investigating the role of ECM components 
in HSC activation and liver fibrosis might contribute to 

novel anti-fibrotic strategies.

Matricellular proteins are important components of 
ECM, and these non-structural proteins are located in the 
cytoplasm or secreted to the ECM, which modulate the 
interaction between matrix and cells, and exert crucial roles 
in embryo development, inflammatory response, tissue 
remodeling and tumor progression [8,9]. In the recent 
years, the role of matricellular protein in liver fibrosis has 
drawn great attention. For example, osteopontin expression 
is increased in multiple chronic liver fibrotic models, and it 
promotes HSC activation and collagen deposition [10-12]. 
As a kind of matricellular protein, Sparc/osteonectin, cwcv 
and kazal-like domain proteoglycan 1 (SPOCK1) belongs to 
the secreted protein, acidic, and rich in cysteine (SPARC) 
family [13]. SPOCK1 is initially identified in the human 
testis, thus, it is also named as Testican-1, and subsequent 
studies reveal that SPOCK1 is expressed in multiple 
tissues. The function of SPOCK1 is not fully elucidated, 
and it might be correlated with protease inhibition [14,15]. 
SPOCK1 mainly exerts oncogenic roles in various tumors by 
promoting proliferation, invasion and survival, including 
HCC, gallbladder cancer, and gastric cancer, etc [16-18]. It 
is widely acknowledged that liver fibrosis is a precancerous 
stage of HCC [19], however, the role of SPOCK1 in liver 
fibrogenesis remains unknown.

In the recent study, for the first time, we elucidated the 
roles, mechanisms, and implications of SPOCK1 in liver 
fibrosis [20]. We found that SPOCK1 expression was 
dramatically upregulated in human and rat fibrotic liver 
tissues and in activated primary rat HSCs. Subsequently, 
we found that SPOCK1 expression in HSCs was induced by 
transforming growth factor (TGF)-β1 and platelet-derived 
growth factor (PDGF)-BB. Interestingly, previous studies 
reported that SPOCK1 is a target gene of TGF-β1 in lung 
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cancer cells and breast cancer cells [21,22]. As PDGF-
BB exerted the stronger effect on SPOCK1 expression, 
we mainly focused on the mechanism how PDGF-BB 
upregulated SPOCK1 expression. Our results showed that 
PDGF-BB promoted SPOCK1 expression through activating 
the phosphatidylinositol 3-kinase/protein kinase B/
forkhead box M1 (PI3K/Akt/FoxM1) signaling pathway. 
It is widely acknowledged that PDGF-BB promotes HSC 
activation, proliferation and migration [23]. We found 
that, as a target gene of PDGF-BB, SPOCK1 was involved 
in PDGF-BB-induced pro-fibrotic responses, and SPOCK1 
promoted HSCs activation, proliferation and migration by 
activating the PI3K/Akt signaling pathway. Interestingly, 
there might exist a positive feedback loop between PI3K/
Akt activation and SPOCK1 expression, that is, PDGF-BB 
upregulates SPOCK1 expression through activating the 
PI3K/Akt pathway, and SPOCK1 reciprocally activates the 
PI3K/Akt pathway, thus resulting in an augmentation of 
the pro-fibrotic responses. 

Mechanistically, most matricellular proteins exert their 
roles by interacting with integrins, and subsequently 
modulate the intracellular signaling cascades, and 
therefore regulate the transformation of biological 
processes. Integrins are a class of heterodimeric cell 
surface receptors, to date, integrin α1β1, α2β1, α5β1, α6β4, 
α8β1, αvβ1, αvβ3, αvβ5, αvβ6, αvβ8, α8β1, and α11β1 are 
found to be expressed in HSCs and exert important roles 
in liver fibrogenensis [24,25]. For instance, osteopontin 
activates the PI3K/Akt/nuclear factor kappa-B (NF-κB) 
signaling pathway and upregulates collagen-1 expression 
by interacting with integrin αvβ3 [12]; while periostin 
promotes collagen deposition and HSC migration by 
interacting with integrin αvβ3 and integrin αvβ5 [26]. These 
evidences drive us to propose whether SPOCK1 exerts its 
pro-fibrotic roles through interaction with integrins. By co-
immunoprecipitation and immunofluorescence, we found 
that SPOCK1 interacted with integrin α5β1. Furthermore, 
blockade of integrin α5β1 by neutralizing antibodies 
abrogated recombinant SPOCK1-induced activation, 
proliferation, migration of HSCs and activation of PI3K/
Akt signaling pathway. 

Finally, we performed in vivo assays to verify the role 
of SPOCK1 expressed by HSCs in liver fibrogenesis. As 
previously reported, liver fibrogenesis is orchestrated by 
several cells including hepatocytes, HSCs, macrophages, 
etc., and different cells may exert different or even opposite 
effects [27]. For instance, apoptosis of hepatocytes is the 
predominant initiator of liver fibrogenesis, while apoptosis 
of HSCs is a critical pathway for resolution of liver fibrosis 
[1]. As HSCs is the central effector for collagen production, 
it is necessary and important to achieve HSC-specific 
gene delivery when performing in vivo assays to explore 
the role of a certain gene in liver fibrogenesis. In general, 
most in vivo studies utilized regular lentivirus, adenovirus 

or recombinant adeno-associated virus (rAAV), however, 
these viruses have no cell specificity, and after injected via 
tail vein, they infected all the cells in liver [28-30]. Under 
these circumstances, it is difficult to clarify which cell 
exerts the predominant role, furthermore, these strategies 
might lead to undesired side effects. In the recent years, 
two methods of HSC-specific gene delivery have come into 
spotlight. Firstly, vitamin A-coupled liposomes are used 
to deliver small interfering RNA (siRNA) to achieve HSC-
specific gene knockdown [30]. Secondly, a lentiviral or rAAV 
construct is established, in which the targeted sequence is 
cloned downstream of the promoter of glial fibrillary acidic 
protein (GFAP) or α-smooth muscle actin (α-SMA) (two 
HSCs markers), and then, the construct is injected through 
tail vein to achieve HSC-specific gene delivery [30,31]. In 
our study, we utilized the second method, a HSC-targeted 
lentivirus (LV-SMA-shSPOCK1-Flag) was constructed and 
injected via tail vein, and the rat liver fibrotic model was 
established by intraperitoneal injection of thioacetamide 
(TAA). The results showed that HSC-specific knockdown 
of SPOCK1 significantly alleviated TAA-induced rat liver 
fibrosis. Taken together, SPOCK1 is upregulated in liver 
fibrosis, and its overexpression is mediated by PDGF-BB 
through activating PI3K/Akt/FoxM1 pathway; SPOCK1 is 
involved in PDGF-BB-induced pro-fibrotic responses by 
interacting with integrin α5β1 and activating the PI3K/
Akt pathway; finally, HSC-specific knockdown of SPOCK1 
ameliorates liver fibrosis in vivo. 

It is widely acknowledged that TGF-β1 and PDGF-BB are 
two most important pro-fibrotic cytokines [27]. However, 
TGF-β1 and PDGF-BB are ubiquitously expressed in 
all organs, and play critical roles in cell proliferation, 
differentiation, and maintenance of physiological function. 
Unfortunately, direct blockade of TGF-β1 or PDGF-
BB could result in severe side effects; therefore, these 
strategies are unfavorable for liver fibrosis treatment [32-
34]. Interestingly, our results showed that SPOCK1 might 
be the common downstream target of TGF-β1 and PDGF-
BB, although further studies are needed to elucidate 
how TGF-β1 promoted SPOCK1 expression. From our 
perspective, the most appealing contribution of our study 
is that targeting SPOCK1 may block part of the pathways of 
both TGF-β1 and PDGF-BB at the same time, and thereby 
alleviating liver fibrosis with fewer side effects. Therefore, 
it is noteworthy that SPOCK1 might be a potential 
pharmacological target for liver fibrosis treatment, which 
needs further clinical study. Furthermore, it remains to 
determine whether neutralizing antibodies of integrin 
α5β1 could ameliorate liver fibrosis in rats/mice, or even 
applicable for clinical treatment of liver fibrosis.

In summary, our study uncovered the role, mechanism, 
and implication of SPOCK1 in liver fibrosis, indicating that 
targeting SPOCK1/integrin α5β1 axis might be an effective 
and safe therapeutic approach for liver fibrosis.
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