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Abstract: Non-alcoholic steatosis hepatitis (NASH) is one important step in the progression of non-alcoholic fat-
ty liver disease (NAFLD), with the activation of hepatic stellate cells (HSCs) as its key mediator for liver fibrosis. 
Osteopontin (OPN) is closely related with fibrosis and is important for cell adhesion, migration, proliferation and 
rearrangement of cytoskeleton. This study thus observed OPN expression in NASH model rats and its correlation 
with smooth muscle actin (α-SMA), in order to investigate the relationship between OPN and HSC activation. NASH 
model rats were fed with high-fat diet. RT-PCR and Western blotting methods were used to detect gene expression 
of OPN in liver tissues. Anti-OPN antibody was injected via tail veins. Liver function indexes including ALT, AST, ALP 
and GCT were tested, along with α-SMA gene expression. Immunohistochemistry was employed to detect the posi-
tive expression of α-SMA. HE and Masson staining were used to observe pathological conditions of liver tissues. 
OPN gene expression was gradually increased with elongated time (P<0.001). Model rats had significantly elevated 
serum ALT, AST, ALP and GCT levels (P<0.05). After OPN antibody injection, liver function was improved. NASH rats 
had elevated α-SMA expression, which was down-regulated by OPN antibody. HE and Masson staining showed dis-
rupted liver morphology and fibrosis, which can be partially improved by OPN antibody. High-fat diet induced liver 
OPN over-expression, which was closely related with NASH. OPN antibody can decreased α-SMA expression and 
inhibit liver fibrosis by inhibiting HSF activation.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one 
important public health issue. It mainly refers 
to a family of clinical symptoms related with 
insulin resistance (IR) and genetic factors. The 
pathological alternation is similar to alcoholic 
liver disease (ALD) but without drinking history 
[1]. Based on different grades of disease, 
NAFLD can be divided into non-alcoholic fatty 
liver (NAFL), non-alcoholic steatosis hepatitis 
(NASH), liver cirrhosis and liver cancer [2]. 
NASH therefore is one important step in the 
progression of NAFLD. Previous study believed 
that NASH was a benign disease. Recent stud-
ies, however, realized that the fatty denature of 
hepatic cells was a dynamic process, in which 
related factors could activate hepatic stellate 
cells (HSCs). The activation of HSC is one criti-
cal factor governing extracellular mechanism 

(ECM) to facilitate the progression of NASH into 
liver fibrosis and cirrhosis [3]. Study has shown 
that 30%~40% obesity patients with NASH had 
liver fibrosis [4]. Although patho-physiological 
mechanism of NASH is still unclear, certain 
study has shown that NASH and early liver cir-
rhosis were reversible [5], making the early 
intervention necessary.

Osteopontin (OPN) is one phosphorylated glyco-
protein that can be synthesized and secreted 
by various cells. It includes Arg-Gly-Asp integrin 
binding domain. It is widely distributed in multi-
ple tissues including cytoplasm, serum and 
urine, and can participate in various pathologi-
cal and physiological conditions [6]. Previous 
study has shown that OPN was closely related 
with fibrosis, and is important for cell adhesion, 
migration, proliferation and rearrangement of 
cytoskeleton proteins. For example, OPN could 
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Table 1. Primer sequence
Gene Forward primer Reverse primer
OPN ACTACAACCATGAGACTGGCAGTGGTTTGC GAACTCTCTAATTCATGAGAAATGCGGAATTTCAGATAC
α-SMA CTGTGCTATGTCGCTCTGGA ATAGGTGGTTTCGTGGATGC
GAPDH GACATCAAGAAGGTGGTGAAGC TGTCATTGAGAGCAATGCCAGC

facilitate fibrosis and heart failure via acceler-
ating differentiation of myocardial fibroblast 
and depressing collagen degradation [7]. How- 
ever, the study of OPN in NASH pathogenesis 
and molecular mechanism has not been report-
ed. In vitro study has shown OPN was the major 
component of non-collagen glycoprotein in 
extra cellular matrix (ECM), and could facilitate 
the expression of TGF-β receptor II (TGF-βRII) 
for inducing HSC secreting collagen [8]. This 
study constructed a rat NASH model, on which 
OPN gene expression was monitored during 
disease progression. OPN antibody was inject-
ed via tail veins for intervention. The change  
of serum liver function indexes was observed, 
along with smooth muscle actin (α-SMA) ex- 
pression which is related with HSC activation, 
and HE and Masson staining for pathological 
changes, in order to investigate the effect of 
OPN on the inhibition of HSC activation during 
NASH occurrence and progression, and to find 
novel targets for treating NASH.

Materials and methods

Materials

A total of 48 male SD rats (6 weeks old, body 
weight at 200 g±20 g) were fed with high-fat 
diet (Jinan University, Jinan China). Rabbit anti-
rate α-SMA antibody and OPN primary antibody 
were purchased from Cell Signaling (US). 
GAPHD primary antibody was purchased from 
Santa Cruz (US). Immunohistochemistry (IHC) 
staining kit was purchased from Boster Bio 
(China). OPN antibody, RNA extraction kit, 
reverse transcription kit and SYBR kit were all 
purchased from Toyobo (China). Primers for 
OPN, α-SMA and GAPDH in RT-PCR were pur-
chased from Yingjun Bio (China).

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics 
Committee of The First Affiliated Hospital of 
Jinan University.

Animal grouping and modeling

SD rats were randomly divided into normal con-
trol (N=10), model (N=18), placebo (N=10) and 

OPN antibody (N=10) groups. Control group 
was fed with normal diet while the other three 
groups received high-fat diet (88% normal diet 
+ 10% lard oil + 2% cholesterol) as previously 
documented [9]. Rats were singly housed in a 
facility at (22±2)°C with 12 h/12 h light cycle 
and food and water ad libitum. Placebo group 
received equal volume of saline via tail veins at 
every other day for 2 weeks (0.15 ml each). 
OPN antibody group had intravenous injection 
of OPN antibody (titer: 1:32) at every other day 
for 2 weeks (0.15 ml each). After treatment, 
chloral hydrate (3 ml/kg) was injected intraperi-
toneally. Animals were sacrificed following eye 
ball venous blood collection. Liver tissues were 
collected for further experiments.

Real-time PCR

Rat liver tissues were rinsed in PBS, and were 
mixed with 1 ml Trizol for homogenization. Total 
RNA was extracted by phenol-chloroform. RNA 
purity and concentration were tested by UV 
spectrometer. Reverse transcription kit was 
used to synthesize cDNA. RT-PCR test kit was 
then used to detect the expression of target 
genes OPN, α-SMA and GAPDH using specific 
primers (Table 1). RT-PCR was performed on  
a quantitative fluorescent PCR cycler (ABIste- 
pone, US) under the following conditions: 95°C 
pre-denature for 20 sec, flowed by 45 cycles 
each containing 95°C nature for 5 sec, and 
60°C annealing for 30 sec. Ct value and copy 
number were calculated to analyze the rela- 
tive expression level of target gene OPN and  
α-SMA using GAPDH as the internal reference. 
Results were expressed as 2-ΔΔCt values.

Western blotting

Liver tissues were homogenized in lysis buffer. 
After centrifugation at 4°C for 15 min, total pro-
teins were extracted from the supernatants 
and were kept at -80°C for further use. Protein 
concentration was determined by BCA method. 
20 μg proteins were employed for SDS-PAGE 
separation, and were transferred to NC mem-
brane under 300 mA electrical field. The mem-
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brane was blocked by 5% defatted milk powder 
for 2 h, and was treated with primary antibody 
against OPN (1:1000), α-SMA (1:1000) or 
GAPDH (1:2000) at 4°C overnight. After TBST 
rinsing, HRP-conjugated secondary antibody 
(1:5000) was added to incubate the membrane 
for 2 h, followed by rinsing and ECL develop-
ment. Gel imaging analysis system was used to 
analyze optical density of each band. Using 
GAPDH as the internal reference, the relative 
expression of OPN and α-SMA was calculated.

Serum index

Blood samples were collected from eye ball 
veins, and were incubated at room temperature 
for 2 h. The blood was centrifuged by 3000  
r/min under 4°C for 5 min to collect serum, 
which was aliquot and stored at -70°C for fur-
ther use. Liver function indexes including ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP) 
and γ-glutamyltranspeptidase (GGT) following 
manual instruction of test kits. Automatic bio-
chemical analyzer was used to collect and ana-
lyze results.

Immunohistochemistry (IHC)

Liver tissues were prepared for paraffin slides, 
which were processed by IHC staining using 
test kits and previous documents under the 
same condition [10]. Briefly, slides were de-
waxed by xylene, rehydrated in gradient etha-

selected high-magnification (400X) field from 
one sample slide.

Histopathology examination

Liver tissues were fixed in paraformaldehyde 
and were stained by HE and Masson methods 
[11]. In brief, paraffin slides were prepared, de-
waxed and immersed in hematoxylin for 5 min. 
After rinsing in distilled water, 1% HCl-ethanol 
was used to treat slides, which were immersed 
in eosin for 8 min, followed by gradient ethanol 
(2 min each). Slides were dried in 60°C cham-
ber, followed by transparency treatment and 
mounting slides. Masson staining was carried 
after routine de-waxed and incubation in 
Masson complex dye for 5 min. 1% phospho-
molybdic acid buffer was used to incubate 
slides for 5 min. After drying, 1 mL toluidine 
blue was used to incubate slides for 5 min, fol-
lowed by rinsing in distilled water. 1 mL 95% 
ethanol was used to differentiate slides for 30 
sec, and were dehydrated for absolute ethanol. 
Xylene was used to treat slide, which was 
mounted with resin and coverslips. Light-field 
microscope was used to observe slides.

Statistical methods

SPSS19.0 software package was used to ana-
lyze all collected data, of which measurement 
data were presented as mean ± standard devi-
ation. Between-group-comparison was done by 
student t-test. Comparison among three groups 
was performed by one-way analysis of variance 

Figure 1. OPN expression in NASH rat liver tissues. **, P<0.01, ***, P<0.001 
compared to 0 w group. ##, P<0.01, ###, P<0.001 compared to 12 w group. 

nol, and were processed in  
3% H2O2 for 20 min to quen- 
ch peroxidase. Antigen retriev-
al was performed using 0.01 
M citric acid buffer in a micro-
wave oven for 10 min. Normal 
goat serum (NGS) was used  
to block non-specific binding 
sites. Primary antibody (rabbit 
anti-rat α-SMA, 1:50) and sec-
ondary antibody (goat anti-
rabbit IgG, 1:100) were se- 
quentially added, followed by 
DAB substrates and PBS rins-
ing. Counter-staining and dry-
ing were performed. The posi-
tive of α-SMA was determined 
by brown granules in nucleus. 
The positive staining area was 
measured from 10 randomly 
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(ANOVA). A statistical significance was defined 
when P<0.05.

Results

OPN expression of model rat tissues

RT-PCR results showed that, with elongated 
time of model preparation, OPN gene expres-
sion level of NASH model rat was gradually 
increased, as expression level at 16 w was sig-
nificantly higher than that in 12 w (P<0.001) 
but not with 20 w (Figure 1A). Similar results 
were obtained from Western blotting, as OPN 
protein level at 16 w after model generation 
was significantly higher than 12 w (P<0.01) but 
was indifferent from that at 20 w (Figure 1B). 
We thus selected rats at 16 w for further anti-
body intervention.

Effects of OPN antibody on liver function of 
model rat

16 weeks after generating model, ALT, AST, ALP 
and GGT levels were significantly elevated com-

pared to control group (P<0.05 in all cases). 
After intervention using OPN antibody, liver 
function was significantly improved as all index-
es were significantly depressed (P<0.05 in all 
cases, Figure 2).

Effect of OPN antibody on α-SMA in model rats

RT-PCR results showed that, after NASH model 
generation, the expression of α-SMA gene in rat 
liver tissues was significantly increased, and 
was significantly decreased by OPN antibody 
intervention (Figure 3A). Western blotting 
results showed significant elevation of α-SMA 
protein in model rats and down-regulation after 
OPN antibody intervention (Figure 3B). IHC 
staining also revealed elevation of α-SMA in 
model rat tissues and depression after OPN 
antibody treatment (Figure 3C and 3D).

Effects of OPN antibody on histo-pathology of 
rat model liver tissues

HE staining showed normal and complete struc-
ture and morphology of liver tissues in normal 

Figure 2. OPN antibody and rat liver function. *, P<0.05, **, P<0.01, ***, P<0.001 compared to control group. #, 
P<0.05, ##, P<0.01 compared to model group.
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control group, without any inflammatory cell 
infiltration or fat denature. 16 weeks after gen-
erating model, the integrity of structure was 
disrupted with diffused denature of hepato-
cytes, which had vacuoles of adipocyte tissues. 
The point necrotic lesion is widely distributed 
especially in the central venous region, where 
there were significant infiltration and inflamma-
tion cells and less fibrous tissue hypertrophy. 
After OPN antibody intervention, the pathologi-
cal area of liver tissues was decreased with 
less fibrous hypertrophy and depressed inflam-
matory cell infiltration (Figure 4A). Masson 
staining showed no abnormality in normal rat 
liver tissues, leaving only minor collagen fiber 
that was stained blue around central vein or 
liver portal peripheral regions. After NASH 
model preparation, there was a significant 
fibrous hypertrophy of liver tissues mainly in 
portal region and less in central venous area. 
The hypertrophy of collagen formed a network 
to separate liver solid tissues, and disrupted 
normal hepatic lobe structure. The treatment 
using OPN antibody significantly decreased 
fibrous tissue hypertrophy in central venous 
and portal regions, as the shortening and thin-

ning of fibers around hepatic lobe, whose struc-
ture was partially restored (Figure 4B).

Discussion

Previous study believed that NASH was a 
benign disease. Recent studies, however, real-
ized that the fatty denature of hepatic cells was 
a dynamic process, in which related factors 
could facilitate liver fibrosis, which further 
aggravate into liver cirrhosis. NASH therefore is 
one important step in the progression of NAFLD, 
and is one common pathological change 
caused by various chronic liver injuries [12]. 
Current study found that the activation and pro-
liferation of HSCs are central step of NASH 
occurrence/progression, and thus play crucial 
roles in liver fibrosis. HSCs can differentiate 
into muscular fibroblasts under co-stimulus of 
various reactive oxygen free radicals and cyto-
kines, to expressed larger amounts of α-SMA, 
and produce ECM predominantly composed of 
collagen to secrete various pro-fibrosis factors 
including transformation growth factor-β (TGF-
β), platelet-derived growth factor (PDGF) to 
accelerate the occurrence and progression of 
liver fibrosis [13]. This study constructed NASH 

Figure 3. Effect of OPN antibody on α-SMA expression in model rats. **, P<0.01, ***, P<0.001 compared to control 
group. #, P<0.05, ##, P<0.01 compared to model group.
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model on SD rats by high-fat diet feeding, and 
found significant elevation of serum ALT, AST, 
ALP and GGT levels 16 weeks later. RT-PCR and 
Western blotting methods confirmed such up-
regulation of α-SMA gene, as consistent with 
IHC staining which showed higher α-SMA posi-
tive rates. Both HE and Masson staining found 
diffused denature of hepatocytes, with vacuole 
alternation in adipocytes with point necrotic 
lesion and significant inflammatory cell infiltra-
tion. The hypertrophy of collagen formed net-
work fibers to destruct normal hepatic lobe 
structure, as consistent with previous reports 
[14], suggesting the reliability of model and  
providing basis for further OPN antibody in- 
tervention.

Osteopontin (OPN) is one phosphorylated gly-
coprotein that includes Arg-Gly-Asp integrin 
binding domain and can be synthesized and 
secreted by various cells [15]. It is widely dis-
tributed in multiple tissues including cytoplasm, 
serum and urine [16], and can participate in 
various pathological and physiological process-
es [17]. OPN mainly binds with cell surface 
adhesion molecules such as integrin and CD44, 
to participate in cell immunity, migration, in- 
flammation infiltration and tissue repair pro-
cesses [18]. Previous study has shown that 

OPN was closely related with fibrosis. For exam-
ple, OPN could facilitate fibrosis and heart fail-
ure via accelerating differentiation of myocar-
dial fibroblast and depressing collagen degra-
dation. In vitro study has shown OPN was the 
major component of non-collagen glycoprotein 
in extra cellular matrix (ECM), and could facili-
tate the expression of TGF-β receptor II (TGF-
βRII) for inducing HSC secreting collagen. Some 
studies found that serum OPN level in NAFLD 
patients was significantly higher than control 
group, and was positively correlated with AST, 
ALT and liver fibrosis staging [19]. This study 
constructed NASH model rats and found the 
possible involvement of OPN in liver fibrosis. 
OPN gene was expressed in control group at 
low levels, and was gradually up-regulated with 
aggravation of liver fibrosis in NASH rats. 
Previous studies found the over-expression of 
OPN in CCl4-induced liver fibrosis and in vitro 
cultured activated HSCs. cDNA microarray sug-
gested the critical role of OPN expression in 
HSC activation as elevation of OPN expression 
with the progression in HSC activation [20]. 
Another study also found that with elongated 
injection time of CCl4, liver fibrosis is aggravat-
ed, accompanied with elevated OPN expres-
sion [21]. Such synchronized up-regulation with 
α-SMA in liver tissues was significantly inter-

Figure 4. Effects of OPN antibody on rat liver morphology.
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correlated. This study applied OPN antibody on 
NASH model rats and found significant down-
regulation of liver indexes including ALT, AST, 
ALP and GGT, along with decreased α-SMA 
gene expression and IHC positive rates. Both 
HE and Masson staining suggested significant 
improvement of liver tissue histo-pathology. 
Another study by Kiefer et al found the 
decreased triglyceride in OPN gene knockout 
mice to improve the glycogenesis ability and 
prevent obesity-induced NASH [22].

In summary, this study observed the expres-
sion of OPN in NASH model rats and its correla-
tion with HSC activation, and found the signifi-
cant positive correlation. The intervention of 
OPN antibody could significantly inhibit HSC 
activation, alleviate liver tissue inflammation 
and fibrosis. Moreover, we also found higher 
safety using OPN antibody to treat NASH, as no 
mortality has been occurred in OPN antibody-
injected rats, which had smooth fur and normal 
diet. Therefore, the inhibition of OPN expres-
sion could alleviate liver fibrosis via inhibiting 
HSC activation. OPN antibody thus may be pro-
moted in clinics.
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