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Abstract

Background and Purpose Liver fibrosis is characterized

by accumulation of extracellular matrix. Our previous

study found that osteopontin (OPN) increased in plasma of

cirrhotic patients and indicative of cirrhosis staging. The

present study was designed to investigate the expression of

OPN in liver tissues and plasma of cirrhotic patients and

further explore the role of OPN in human hepatic stellate

cell (HSC) activation.

Methods We used immunohistochemical staining and

enzyme-linked immunosorbent assay to evaluate the

expression level of OPN in liver tissues and plasma from

cirrhotic patients, respectively. We produced lentivirus

particles and infected target cell to manipulate OPN

expression. Infection efficiency was determined by RT-PCR

and western blot. Cell proliferation was determined using

CCK8 assay, and phenotypes of HSC activation were deter-

mined by RT-PCR. OPN promoter activity was determined

by dual luciferase reporter assay.

Results We found that OPN expression in human cir-

rhotic liver tissues was upregulated compared to normal

controls. In addition, its expression correlated with Child-

Pugh classification, MELD score and the occurrence of

complications. We further explored OPN level in patients’

plasma and showed that its level correlated with trans-

forming growth factor-b1 (TGF-b1). In human HSC cell

line LX-2, we found that change of OPN expression level

could not only affect the proliferation of cells but also the

TGF-b1 mediated HSC activation. Moreover, OPN was

increased by TGF-b1 stimulation and regulated by TGF-b1

at transcription level.

Conclusions OPN is upregulated in liver tissues and

plasma of cirrhotic patients and promotes TGF-b1 medi-

ated HSC activation.

Keywords Liver fibrosis � Osteopontin � TGF-b1 �
Hepatic stellate cell

Introduction

Continuous chronic liver injury by various factors leads

to liver fibrosis via disruption of the balance between

extracellular matrix (ECM) production and degradation.

Advanced liver fibrosis is diagnosed as liver cirrhosis.

Without effective therapy, it may ultimately develop into

hepatic failure or even hepatocellular carcinoma. The most

effective intervention in the treatment of advanced fibrosis
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is liver transplantation [1]. Hepatic stellate cell (HSC) has

been regarded as the main producer of ECM [2]. HSC is

located in the perisinusoidal space of Disse. In the normal

liver, it is mainly responsible for storing vitamin A and

regulating retinoic acid homeostasis [3]. Under injury

stimuli, quiescent HSC transdifferentiates into its activated

form, myofibroblast, which takes on some new attributes

including increased proliferation, enhanced resistance to

apoptosis and the ability of generating a large amount of

collagen [2, 4]. In current understanding of molecular

mechanism of liver fibrosis, multiple signaling pathways

are interwoven to affect the fibrogenesis process. Specifi-

cally, the sustained state of HSC activation requires auto-

crine or paracrine stimuli of several cytokines such as

PDGF, TGF-b1, leptin and VEGF [5]. Among them, TGF-

b1 is considered the most potent fibrogenic cytokine in the

liver [6].

TGF-b1 binds to a latency-associated peptide to main-

tain an inactivated state. Once activated, TGF-b1 recog-

nizes its receptor and initiates the ECM production through

recruiting Smad proteins. Moreover, TGF-b1 regulates

removal of excess collagen after cessation of liver injury

[7]. In many researches, manipulating TGF-b1 has been

proven as an effective method to reverse liver fibrosis

[7–10]. However, since the physiological function of

TGF-b1 cannot be ignored, complete abrogation of

TGF-b1 may be inappropriate [11].

Osteopontin (OPN), also called SPP1, is a secreted

multifunctional glycoprotein which mainly is expressed in

bone, kidney and epithelial tissues [12–15]. It is involved

in various physiological and pathological processes such as

bone metabolism, immune regulation, wound healing, cell

survival and tumor progression [16–20]. As a secreted

protein, OPN functions by acting on its corresponding

receptors including integrins and CD44 [21]. An increasing

body of evidence demonstrates that OPN participates in the

process of fibrogenesis since OPN has been identified as

one of the upregulating genes in culture-related rat HSC

activation [22–24]. In our previous study, we found that

OPN was a promising candidate for prediction biomarkers

to evaluate the risk of cirrhosis and cancer in the long-term

surveillance of patients with HBV infection [25]. More-

over, recent studies revealed a potential relationship

between OPN and TGF-b1 either in osteogenic differenti-

ation or in severe refractory asthma [26, 27]. Since TGF-b1

is capable of promoting the fibrogenesis process, it is very

likely that besides existing explanations of the mechanism

of its involvement in fibrogenesis, OPN participates in this

process by interacting with the TGF-b1 signaling pathway.

Our present study was designed to investigate the

expression of OPN in liver tissues and plasma of cirrhotic

patients and further explore the role of OPN in HSC

activation.

Materials and Methods

Specimen Collection

Cirrhotic liver tissues were collected from 61 patients who

received surgical resection or biopsy examination at Xijing

Hospital of the Fourth Military Medical University, Xi’an,

China, from June 2009 to December 2010 with the

patients’ consents. Normal tissues were histologically

normal tissues obtained from patients who underwent

hepatectomy for tumor or liver biopsy. Blood samples were

obtained from 31 patients at the time of admission and anti-

coagulated by ethylenediaminetetraacetic acid (EDTA).

The diagnosis of cirrhosis was established on the basis of

clinical, biochemical, imaging (ultrasonography and com-

putertomography) and histological examinations. Plasma

was collected by centrifuging the blood samples for 15 min

at room temperature at 1,0009g within 30 min after col-

lection and thereafter aliquoted and stored at -80 �C.

Immunohistochemistry

Tissues were fixed with formalin, and embedded in paraffin

wax, before 4-lm-thick consecutive sections were made.

All slides were dewaxed, rehydrated and immersed in

0.3 % hydrogen peroxide for 15 min to block endogenous

peroxidase activity. Antigens were retrieved by heating the

tissue sections at 100 �C for 15 min. Sections were cooled

down and blocked with 10 % normal goat serum at room

temperature for 15 min, before incubating with primary

antibodies against OPN (Assay Designs, Ann Arbor, MI,

USA) or TIMP1 (Santa Cruz Biotechnology, Delaware,

CA, USA), respectively, at 4 �C overnight. The sections

were then incubated with HRP-labeled goat anti-mouse

secondary antibody (Zhongshan, Beijing, China). Results

were visualized by using DAB kit (Zhongshan). All slides

were examined systematically on an image analyzer system

(Olympus BX51 microscope, Japan) and scored by two

independent pathologists in a blinded manner. The inten-

sity was graded by the ratio of positive cells per specimen

and scored as follows: 0 = staining of\1 %; 1 = staining

of 1–10 %; 2 = staining of 10–50 %; and 3 = staining of

[50 % [28].

Cell Culture and Treatment

LX-2 cells were kindly provided by Prof. Scott L. Fried-

man (Mount Sinai School of Medicine, USA). LX-2 cells

are immortalized human HSCs with a myofibroblast-like

phenotype and used in study of HSC activation. They

maintain key features of human HSCs and have the

advantages of viability in serum-free media and high

transfectability [29]. LX-2 cells and HEK 293T cells were
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cultured at 37 �C in a humidified atmosphere containing

5 % CO2 with Dulbecco’s modified Eagle’s medium con-

taining 10 % fetal bovine serum and 100 IU/ml strepto-

mycin/penicillin. Human recombinant transforming growth

factor-b1 (TGF-b1) from PeproTech Asia (Rehovot, Israel)

was diluted in citrate buffer (pH 3.0) and applied at a

working concentration of 2 ng/ml as previously described

[30].

Vector Construction, Lentivirus Production, and Target

Cells Infection

An osteopontin (OPN) (NM_001040058) sequence con-

taining EcoRI and HpaI sites was cloned into a FUW

lentivirus vector. FUW–EGFP used as control was kindly

provided by Dr. Jiuxu Bai (Shenyang General Hospital of

PLA, China). Human OPN-specific siRNA pairs containing

EcoRI and AgeI sites were synthesized, annealed and

cloned into pLKO.1 lentivirus vector. A pLKO.1 vector

containing scramble siRNA sequence used as control was

purchased from Addgene. Primers or oligos used for con-

structing vectors are listed in Table S3. The whole inserts

were sequenced for confirmation.

Lentivirus was produced in HEK 293T cells using the

FUW (pLKO.1)/psPax2/pMD2.G system (4, 3 and 1 lg

respectively for each 6 cm dish). Lipofectamine 2000

(Invitrogen, Carlsbad, CA, USA) was used to perform

transfection. Forty-eight hours after transfection, 5 ml

culture media containing lentivirus particles was harvested

and centrifuged at 4 �C, 1,250 rpm for 5 min for pelleting

HEK293T cells. Thereafter, 1 ml culture media was added

to 70 % confluent cells in each well of 6-well plate to

infect cells. After incubation for 24 h, the media containing

lentivirus was replaced by fresh media. A selective pres-

sure of 3 lg/ml puromycin was used to select pLKO.1

infected cells.

Immunoblotting

Protein samples were prepared from cultured cells treated

in RIPA lysis buffer (25 mM Tris–HCl, pH 7.5, 150 mM

NaCl, 1 mM EDTA, 1 % Triton X-100) supplemented with

protease inhibitor cocktail tablet (Roche Applied Science,

Mannheim Germany) and subjected to 12 % SDS–poly-

acrylamide gel and transferred to a nitrocellulose mem-

brane. The membrane was blocked with Tris-buffered

saline containing 0.1 % Tween-20 and 5 % nonfat milk

powder for 1 h at room temperature, before incubating with

anti-OPN (Assay Designs) or anti-actin (St. Louis, MO,

USA) at 4 �C overnight. The membrane was then incu-

bated with goat anti-mouse secondary antibody (Boster,

Wuhan, Hubei, China) for 1 h at room temperature. Protein

bands were visualized by enhanced chemiluminescence

(BIO-RAD, Hercule, CA, USA) on the BIO-RAD Chemi-

Doc XRS Imaging system.

Enzyme-Linked Immunosorbent Assay

TGFb-1 or OPN was detected in plasma collected from

cirrhotic patients or conditioned medium by enzyme-linked

immunosorbent assay (ELISA, R&D Systems, Minneapo-

lis, MN, USA) following manufacturer’s protocol. For

TGF-b1 detection, samples were activated by 1 M HCl for

10 min at room temperature and neutralized by 1 M NaOH

before test. The optical density of each well was deter-

mined at 450 nm within 30 min on an automatic ELISA

reader. As for the collection of conditioned medium from

cultured cells, 2 ml medium from a well of a 6-well plate

(90 % confluent) was collected and subjected to ELISA

assay.

RNA Extraction and Real-Time PCR

Total RNA of cells was extracted from cultured cells using

Trizol reagent (Invitrogen) according to manufacturer’s

protocol. The quantity of RNA was determined on BIO-

RAD SmartSpecTM Plus spectrophotometer and a total of

500 ng RNA of each sample was subjected to reverse

transcription by using TaKaRa PrimeScript RT reagent kit

(TaKaRa, Shiga, Japan). The cDNA quantity was evaluated

on a Roche LightCycler 480 PCR machine by monitoring

SYBR Green (TaKaRa) signal. The PCR reaction was

cycled 40 times and the condition for each cycle was 95 �C

for 5 s and 60 �C for 30 s. The data were normalized to

18S expression and further normalized to the control group.

The primers used for PCR amplification are listed in Table

S4.

Proliferation Assay

LX-2 cells were seeded into a 96-well plate at a density of

1,000 cells per well and deprived of serum for 24 h before

experiment. For every well containing 200 ll culture

medium, 20 ll of CCK8 solution (Beyotime Institute of

Biotechnology, Jiangsu, China) was added. After 1 h of

incubation at 37 �C, optical density value of each well was

read at 450 nm. A group of wells without seeding cells

served as a blank control group. Each group included five

repeated wells. The experiment was carried out for 7 days

and the proliferation of cells was observed at a certain time

point every day.

Dual Luciferase Reporter Assay

pGL3–OPN–Luc plasmid containing OPN promoter

sequence (-1,000 to ?99) was provided by Dr. Jiuxu Bai.
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LX-2 cells in 24-well plates were transfected with 100 ng

of pGL3–OPN–Luc/pGL3–Luc and 50 ng of normalization

plasmid pRL–TK Renilla, with or without 2 ng TGF-b1.

The dual luciferase reporter assay was performed 2 days

after transfection using a luciferase assay system (Promega,

Madison, WI, USA). Activities were normalized to pRL–

TK activity and further normalized to pGL3-Luc group.

Statistical Analysis

For immunohistochemistry study, Pearson v2 test and one-

way ANOVA were used to determine the significance of

the difference; kappa test was adopted to compare

expression levels of OPN and TIMP1. For ELISA study,

Pearson’s correlation test was used to analyze the corre-

lation between OPN and TGF-b1. For the rest of the

numerical data, all experiments were repeated three times

and the results were expressed as the mean ± standard

deviation and analyzed by Student’s t test or ANOVA as

appropriate. SPSS 17.0 software (SPSS Inc., Chicago, IL,

USA) was used for statistical analysis. The level of sig-

nificance was set at P \ 0.05.

Results

Detection of OPN Expression in Cirrhotic Liver Tissues

and Plasma

To evaluate OPN expression level in cirrhotic tissues and

explore the relationship between OPN and the clinical

features of cirrhotic patients, we detected the expression of

OPN in human cirrhotic liver tissues and normal liver tis-

sues by immunohistochemical staining. The results

revealed that OPN was localized mainly in cytoplasm of

hepatocellular cells and cholangiocytes (Fig. 1a). OPN

level increased in cirrhotic tissues compared to normal

control. Specifically, in 61 cases of cirrhotic tissue, 46

cases displayed positive OPN staining. As for the normal

control group, 9 of 23 cases displayed positive staining

(Table S1). In addition, OPN level was increased with the

elevation of Child–Pugh classification and MELD scoring

level (Fig. 1b) (P = 0.000, P = 0.001). We also found that

patients with complications (ascites, hepatic encephalopa-

thy, hepatic nephropathy, upper GI hemorrhage) tended to

display a higher OPN expression than patients without

complications (P = 0.005, Table 1). Furthermore, we

compared OPN expression level with TIMP1, another

profibrogenic marker. We found that OPN and TIMP1

tended to show moderate agreement in expression levels in

cirrhotic liver tissues (Fig. S1, kappa = 0.518, P = 0.000).

There was no difference between the expression of OPN

and patients’ age, gender and etiologies.

Since TGF-b1 is considered as a main mediator of liver

fibrosis, and both TGF-b1 and OPN are secreted proteins,

we performed ELISA to analyze the correlation between

plasma OPN and TGF-b1 in 31 cases of patients with

cirrhosis. The common characteristics of patients included

in the test are listed in Table S2. We found that OPN

plasma level (74.35 ± 25.47 ng/ml) tended to correlate

with TGF-b1 plasma level (3.29 ± 1.43 ng/ml, Fig. 1c).

Pearson correlation analysis showed a correlation coeffi-

cient of 0.621 (P = 0.000).

Lentivirus Mediated Transduction Resulted in OPN

Overexpression or Knockdown in LX-2 cells

Since HSC has been widely acknowledged as the primary

effector cell acting as the main origin of ECM, we chose a

human HSC cell line LX-2 as the model to study the role of

OPN in HSC activation [29]. OPN overexpression and

knockdown were introduced into LX-2 cells by lentivirus.

FUW-OPN and FUW-EGFP were transducted in parallel

into LX-2 and the transduction efficiency was monitored

by observing the EGFP expression in the cells. Over 90 %

of the cells were labeled with EGFP 4 days after virus

infection (Fig. 2a). After detecting OPN level by western

blot and RT-PCR, we found both OPN mRNA level and

protein level were elevated by lentivirus infection (Fig. 2b,

c). PLKO.1-siOPN but not pLKO.1-scram induced an

80 % decrease of OPN mRNA level in LX-2 after puro-

mycin selection (Fig. 2d). The result was confirmed by

western blot (Fig. 2e). To further corroborate the overex-

pression or knockdown effect of OPN, we detected OPN

level in the conditioned medium and the results are shown

in Table S5.

OPN Promoted TGF-b1 Mediated HSC Activation

in LX-2 cells

Proliferation is one of the key behavior changes of HSCs in

sustained activation state [31], so we investigated the effect

of OPN on proliferation of LX-2 cells. In a continuous

7-day observation, we found that FUW-EGFP cells showed

similar growth rate to Neg-con cells, whereas FUW-OPN

cells showed much faster growth rate compared to FUW-

EGFP cells and Neg-con cells (Fig. 3a). Meanwhile,

knockdown of OPN by pLKO.1-siOPN significantly

inhibited LX-2 growth rate compared to pLKO.1-scram

and Neg-con cells (Fig. 3b). To further evaluate the acti-

vation of LX-2 cells, we detected the mRNA level of

a-smooth muscle actin (a-SMA), collagen I and tissue

inhibitor of metalloproteinase (TIMP1) by RT-PCR.

a-SMA is a marker of HSC activation [2]. Collagen I

represents ECM deposition and TIMP1 prevents the deg-

radation of ECM via inhibiting metalloproteinase. We
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Fig. 1 Expression of

osteopontin (OPN) in liver

tissues and plasma from

cirrhotic patients.

a Immunohistochemical

staining of OPN in normal and

cirrhotic liver tissues (original

magnification 9200). a Normal

liver tissues showing negative

OPN staining. b Cirrhotic liver

tissues showing negative OPN

staining. Cirrhotic liver tissues

manifesting weak staining (c),

moderate straining (d) and

strong staining (e) in the

cytoplasm of hepatocytes. f An

area of fibrotic septa where

cholangiocytes staining

(indicated by black arrows)

could be observed. b The

intensity of

immunohistochemical staining

of OPN in cirrhotic liver tissues

correlated with MELD score.

Box plots represent median,

quartiles and extremes (one-way

ANOVA analysis, P = 0.003).

c A regression line showing that

OPN expression level in

cirrhotic patients’ plasma

correlated with TGF-b1 level

(Pearson r 0.621, P = 0.000)

Table 1 Correlation of OPN

expression with

clinicopathological features of

cirrhosis patients

Characteristics No. of

specimens

OPN expression P value

0 1 2 3

Gender

Male 33 9 15 6 3 0.439

Female 28 6 9 10 3

Age

B50 33 13 9 9 2 0.053

[50 28 2 15 7 4

Child–Pugh classification

A 33 12 15 5 1 0.000

B 21 2 9 10 0

C 7 1 0 1 5

Complications

- 46 13 19 13 1 0.005

? 15 2 5 3 5

Etiologies

HBV 28 4 14 6 4 0.182

Alcoholic hepatitis 15 3 5 5 2

Primary biliary cirrhosis 18 8 5 5 0
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Fig. 2 Overexpression or knockdown of osteopontin (OPN) in LX-2

cells by lentivirus infection. a The infection efficiency of lentivirus

was monitored by the expression of EGFP. Overall, an infection

efficiency of over 90 % was obtained. A representative image was

shown. b, c The overexpression of OPN in LX-2 cells was confirmed

by RT-PCR and western blot. d, e The knockdown of OPN in LX-2

cells was confirmed by RT-PCR and western blot (n = 3, P value was

indicated vs. corresponding control)

Fig. 3 The effect of

osteopontin (OPN) alteration on

LX-2 activation phenotypes. a,

b The growth curves of LX-2

showed that upregulation of

OPN promoted proliferation of

LX-2 (a) while downregulation

of OPN inhibited proliferation

(b). c, d a-SMA, Collagen I and

TIMP1 mRNA level were

determined to represent the

activation level of LX-2.

Upregulation of OPN promoted

LX-2 activation (c) while

downregulation of OPN caused

the reverse effect (d) (n = 3,

*P = 0.000 vs. corresponding

control)
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found that OPN overexpression enhanced the basal as well

as the TGF-b1 induced level of HSC activation while OPN

knockdown resulted in the reverse effect (Fig. 3c, d).

TGF-b1 Engages in the Transcriptional Regulation

of OPN

To further investigate the relationship between OPN and

TGF-b1, we stimulated LX-2 by 2 ng/ml of TGF-b1 for

24 h and observed an increase in the protein level of OPN

(Fig. 4a). To examine whether the TGF-b1 induction of

OPN was due to transcriptional regulation, we performed

dual luciferase reporter assay in LX-2 and found that TGF-

b1 could promote the promoter activity of OPN (Fig. 4b).

Taken together, OPN is a transcriptional target of TGF-b1.

Discussion

Liver fibrosis has been characterized by excess deposition

of ECM, which is mainly caused by chronic HBV/HCV

infection, alcohol abuse, immune injury and nonalcoholic

steatohepatitis (NASH) [1]. Although liver biopsy is taken

as the gold-standard diagnostic method for liver fibrosis, it

still has some defects such as causing pain, bringing in

complications and producing incorrect diagnosis when

small biopsies are analyzed [32, 33]. Thus, assessment of

the disease development based on non-invasive clinical

examinations is promising and may replace the need for

biopsy in the near future [34, 35].

To date, the only effective therapeutic method for

advanced liver fibrosis is liver transplantation. In fact,

much effort has contributed to reversing fibrosis, and many

promising therapeutic methods have been developed in

experimental models. For example, a recent study adopted

low molecular weight heparin-pluronic nanogels to impede

liver fibrosis in a rat model via blocking the TGF-b/Smad

signaling pathway [9]. This work represents not only the

typical method to reverse fibrosis via inhibiting classic

profibrogenic pathway but also the attempt of introducing

new materials to meet the goal. As anti-fibrotic studies go

further, more novel modulators in fibrosis are revealed and

provide potential therapeutic targets. For example, a study

found that neuropilin-1, an axonal guidance molecule,

could promote cirrhosis by enhancing PDGF/TGF-b sig-

naling in HSC, and its neutralizing antibody could block

liver fibrosis in a rat model of liver injury [36]. However,

applying these findings in clinical practice still faces

obstacles due to the much more complicated situation in

humans [37].

In the present study, we presented the expression anal-

ysis of OPN in cirrhotic liver tissues as well as in plasma

with the purpose of revealing the relationship between

OPN expression and clinical characteristics. We further

investigated the profibrogenic role of OPN in the human

HSC cell line LX-2 and its involvement in TGF-b1 med-

iated HSC activation.

Our previous study showed a correlation between

plasma OPN and HBV-cirrhosis, however, due to lack of

tissue specimens, more accurate correlation could not be

drawn. In the present study, we verified our previous

findings in liver tissues and found that OPN expression

increased in cirrhotic liver tissues compared to normal liver

tissues. We also found OPN expression level positively

correlated with Child–Pugh classification and MELD scale.

Both scoring systems have been used to assess the severity

of chronic liver diseases, evaluate the prognosis, and

determine the necessity of performing liver transplantation

[38]. The result that OPN expression positively correlates

with the scoring level and the occurrence of complications

suggests that OPN could be used as a biomarker to predict

the severity of cirrhosis. In line with our findings, previous

studies demonstrated that plasma level of OPN could serve

as a useful indicator for evaluating the severity of cirrhosis

and the risk of hepatocellular carcinoma [25, 39, 40]. As

mentioned above, although liver biopsy is still considered

as gold standard to identify liver histological stages, there

is a need for developing non-invasive diagnostic methods.

Imaging methods such as FibroTest, FibroMAX and tran-

sient elastography facilitate the clinical management of

Fig. 4 Osteopontin (OPN) is

transcriptionally regulated by

TGF-b1. a OPN protein level

was increased by TGF-b1

stimulation (2 ng/ml for 24 h).

b TGF-b1 increased the

promoter activity of OPN

(n = 3, P value was indicated

vs. corresponding control)
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patients with cirrhosis [41]. And a recent study pointed out

that genetic markers in combination with imaging tech-

niques may be the better non-invasive diagnostic method in

the future [34]. Since OPN acts as a secreted protein which

is detectable in blood, it would be beneficial to adopt OPN

as a marker contributing to the non-invasive diagnostic

methods.

We then moved to evaluate plasma OPN level and

investigate its relationship with one of the major fibrosis

promoters TGF-b1 in the hope of proposing a possible

explanation for OPN increase in cirrhosis. The results of

plasma analysis and in vitro experiments indicated that

OPN increase could partly be a result of TGF-b1 stimu-

lation. In fact, there have been reports about several OPN

relating pathways involved in fibrosis. OPN was proven in

a NASH model as a Hedgehog-regulated profibrogenic

factor [23]. Moreover, it could be induced by oxidant stress

and its contribution to fibrogenesis response is partly

realized by activating the PI3K–pAkt–NFjB pathway [24].

Our study revealed a possible transcriptional regulation of

TGFb-1 on OPN, which supplements the complexity of

OPN related profibrogenesis network. However, the spe-

cific transcription target and the transcription factor

engaging in the TGF-b1 pathway are not yet clarified in the

present study. Our preliminary findings imply that the

TGF-b1 promotion of fibrosis takes effect partly by

mediating OPN.

It has been reported elsewhere that OPN could affect

fibrosis by increasing collagen deposition, which contrib-

utes most to the ECM accumulation [42]. It was corrobo-

rated in our findings that OPN could promote ECM

deposition at both basal and TGF-b1 induced levels. The

increase of collagen I caused by OPN overexpression was

probably a result of MMP13 decrease as reported before

[24, 43]. Moreover, we proved that OPN could increase the

proliferation of LX-2 cells. Several methods targeting HSC

such as inducing the apoptosis of HSC and inhibiting the

HSC activation related signaling pathways have been

proposed as resolutions of fibrosis [44–46]. Our results

indicate that OPN downregulation could significantly

inhibit the activation phenotypes of HSC and support the

idea of using OPN as a therapeutic target in reversing

fibrosis.

In conclusion, our results suggest that OPN is a relevant

biomarker indicating the severity and progress of liver

fibrosis. Although our mechanism study was limited to in

vitro cell lines, it offered substantial evidence that OPN

could promote the activation of HSC and contribute to liver

fibrosis in a TGF-b1 mediated way.
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