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Hepatic fibrosis is a common characteristic of 
chronic liver diseases, representing a major worldwide 
medical problem. A wound-healing response to some 
chronic stimuli in liver fibrosis is characterized by 
balancing disorders between extracellular material 
(ECM) synthesis and degradation,(1) in which collagen 
Ⅰ and collagen Ⅲ predominate.(2,3) Following hepatic 
injury, ECM-producing cells activate and proliferate, 
with an excess of ECM and production of fibrosis-
associated factors.(4)

Connective tissue growth factor (CTGF or 
CCN2), a cysteine-rich protein, first described as a 
secretory product of the vascular endothelial cell,(5) has 
been identified as a secreted protein with functions of 
adhesion, migration, proliferation, differentiation, and 
ECM synthesis.(6,7) So far CTGF is the focus of intense 
research as a master fibrogenic cytokine involved 
in fibrosis of both liver(8,9) and other organs.(10-12) 
When executing these effects, CTGF activates the 
downstream signal pathways by interacting directly 
with some cell-surface molecules, such as integrin.

Integrin α5 and integrin β1, a member of the 
integrin family, is a novel cell surface receptor of CTGF in 

some ECM-producing cells [e.g., fi broblasts and hepatic 
stellate cells (HSCs)]. It was found that CTGF could 
regulate HSCs adhesion via its binding of integrin α5 and 
integrin β1.(13) Focal adhesion kinase (FAK), a member 
of the focal adhesion complex, can provide a direct sensor 
of the extracellular environment through interactions with 
integrin, and it is positioned upstream of protein kinase B 
(PKB or Akt) in the cellular proliferative and pro-fi brogenic 
responses. It is shown that FAK/Akt signaling pathway 
regulate several aspects in fi brosis in vitro(14) with collagen 
and cyclinD1 as the downstream target genes. However, 
little is known about this signaling pathway in vivo.

GFK is a complex Chinese herbal prescription. 
Our previous studies indicated that GFK affected 
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ABSTRACT  Objective: To investigate the effect of Ganfukang (肝复康, GFK) on connective tissue growth factor 
(CTGF) and focal adhesion kinase (FAK)/protein kinase B (PKB or Akt) signal pathway in a hepatic fi brosis rat 
model and to explore the underlying therapeutic molecular mechanisms of GFK. Methods: Fifty SD rats were 
randomly divided into fi ve groups as follows: the control group, the model group (repeated subcutaneous injection 
of CCl4), and the three GFK treatment groups (31.25, 312.5, and 3125 mg/kg, intragastric administration). Reverse 
transcriptase-polymerase chain reaction (RT-PCR), Western blotting, and immunohistochemistry were used to 
examine the expression of CTGF, integrin α5, integrin β1, FAK/Akt signal pathway, cyclinD1, and collagen in the 
different-treated rats. Results: GFK attenuated the up-regulation of CTGF, integrin α5, and integrin β1 in hepatic 
fibrosis rats and suppressed both the phosphorylation of FAK and the phosphorylation of Akt simultaneously 
(P<0.01). At the same time, the expression of cyclinD1, collagen Ⅰ, and collagen Ⅲ was decreased by GFK 
signifi cantly (P<0.01). Conclusions: CTGF and FAK/Akt signal pathway were activated in the CCl4-induced hepatic 
fi brosis rats, which contribute to increased expression of cyclinD1 and collagen genes. The mechanisms of the 
anti-fi brosis activity of GFK may be due to its effects against CTGF and FAk/Akt signal pathway. 
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the expression of transform growth factor-β1 
(TGF-β1),(15) matrix metal proteinase-2 (MMP-2), 
tissue inhibitor of metalloproteinase-1 (TIMP-1),(16) 
platelet derived growth factor (PDGF), and mitogen 
activated protein kinase(MAPK)/activator protein-1 
(AP-1) signal pathway.(17) However, the mechanisms 
of hepatic fi brosis are very complicated, including lots 
of cytokines and many cellular signal transduction 
systems. Thus, the complete anti-fibrosis molecular 
mechanisms of GFK still remain unclear.

This research observed the expression of CTGF 
and the integrin/FAK/Akt signal pathway in hepatic 
fi brosis rats. It is important to determine whether CTGF, 
as a fi brogenic cytokine, can activate the integrin/FAK/
Akt signaling pathway in vivo. Furthermore, this work 
explored the effects of GFK on CTGF and integrin/FAK/
Akt signal pathway and further extended the study on the 
therapeutic molecular mechanisms of GFK in liver fi brosis. 

METHODS
Herb Medicine 

The ingredients of GFK were composed of radix 
salviae miltiorrhiza 30 g, radix astragali seu hedysari 
30 g, radix paeoniae rubra 15 g, radix paeoniae alba 
15 g, radix angelicae sinensis 15 g, radix bupleuri 
10 g, radix rehmanniae 15 g, fructus aurantii 20 g, poria 
20 g, rhizoma atractylodis macrocephalae 15 g, and 
radix glycyrrhizae 10 g. It was provided by the Pharmacy 
of the Second Affiliated Hospital of Dalian Medical 
University. Herbs were prepared by water extraction 
twice and therefore involved two decoctions. The final 
yield of dry extraction was 64 g of 195 g GFK (yield 
32.8%). The decoction was filtered and condensed to 
make a concentration of the preparation equivalent to 
1.95 g/mL, and then was stored at 4 ℃.

Animals 
S p a g u e - D a w l e y  r a t s  (n = 5 0 ,  w e i g h i n g 

180–200 g, half male and half female) were obtained 
from the Experimental Animal Center of Dalian Medical 
University [certifi cation license: SCXK (Liao) 2004-0017]. 
The rats were housed at 20 ℃ and 12-h light-dark cycle 
and allowed free access to water and food. This study 
was in strict accordance with the principle and guidelines 
of the National Institutes of Health Guide for the Care 
and Use of Laboratory Animals.

Experimental Model and Drug Treatment 
The rats were randomly divided into fi ve groups as 

follows: control group (n=12), model group (n=8), GFK 
high-dose treatment group (n=10), GFK medium-dose 
group (n=10) and GFK low-dose group (n=10). Rats 
with liver fi brosis were induced by repeated injection of 
CCl4 (0.5 mg/kg in a vehicle of olive oil, subcutaneous 
injection, twice per week). Rats in the control group 
were treated with olive oil of the same volume. Eight 
weeks later, according to the dosage of GFK in clinical 
patients with chronic hepatic diseases (0.05 g/kg) and 
the drug reduction formula, the rats in the three GFK 
treatment groups were given GFK 31.25, 312.5, and 
3125 mg/(kg•d) respectively by subcutaneous injection. 
All the rats were sacrifi ced at the end of 20th week. The 
liver samples were obtained. 

Reverse Transcriptase-Polymerase Chain 
Reaction for CTGF, Integrinα5, Integrin β1, 
CyclinD1, Collagen I, and Collagen Ⅲ

Total liver tissue RNA was extracted using trizol 
reagent according to the manufacture's directions 
(Invitrogen, Carlsbad, CA, USA). Total RNA samples 
were reverse-transcribed to complementary DNA (cDNA) 
using quant reverse transcriptase (Tiangen, Beijing, 
China). The PCR primers including housekeeping genes 
(β-actin, performed as the control), used in this study, 
were listed in Table 1. Conditions for amplification were 
as follows: CTGF, integrin α5, collagen Ⅰ, collagen Ⅲ, 
and β-actin: denaturation at 94 ℃ for 2 min, followed 
by 35 cycles of amplification (94 ℃ for 30 s, 60 ℃ for 
30 s, 72 ℃ for 30 s), and by extension at 72 ℃ for 5 min; 
integrin β1: denaturation at 94 ℃ for 2 min, followed 
by 35 cycles of amplification (94 ℃ for 30 s, 58 ℃ for 
30 s, 72 ℃ for 30 s), and by extension at 72 ℃ for 5 min; 
cyclinD1: denaturation at 94 ℃ for 2 min, followed by 
35 cycles of amplification (94 ℃ for 30 s, 56 ℃ for 30 s, 
72 ℃ for 30 s), and by extension at 72 ℃ for 5 min. The 
PCR products were electrophoresed on 2% agarose 
gels, stained with ethidium bromide, then quantified 
using UVP bioimaging systems (USA) Table 1.  

Western Blotting for CTGF, FAK, P-FAK, Akt, 
P-Akt and cyclinD1

Prote in  concent ra t ions  were  measured 
using Bradford assay with bull serum albumin (BSA) 
as the standard. Equal amounts of protein (50 μg/lane) 
were resolved by 10%–12% sodium dodecylsulfate 
polyacrylamide gel electrophoresis (SDS-PAGE), 
and transferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, CA, USA). The membranes, 
blocked with 5% non-fat dried milk ahead of time, w
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ere icubated with primary antibodies overnight at 
4 ℃. The primary antibodies were as follows: CTGF 
(1:800, GeneTex), integrin α5, integrin β1 (1:300, 
Boster), FAK, Akt (1:1,000, Bioworld), phospho-
FAK, phospho-Akt (1:500, Bioworld), cyclinD1 (1:500, 
Santa), and β-actin (1:1,000, Santa Cruz, CA, USA). 
The membranes were subsequently incubated with 
appropriate secondary antibodies and visualized 
using enhanced chemiluminescence kits (Beyotime, 
Shanghai, China). UVP bioimaging systems with Gel-
Pro Analyzer 4.0 (USA) were used to measure the 
optical density of the bands. The data were normalized 
against those of the corresponding β-actin. Every 
experiment was performed at least three times.                                                                                                                                     
                                          
Immunohistochemistry for CTGF

Paraformaldehyde-fixed, paraffin-embedded 
rat livers were cut into 5-μm sections and were 
deparaffinized and rehydrated. Immunohistochemical 
staining was performed following the instruction using 
Maxvision kits (Maixin Bio., Fuzhou, China). After 
restoration by high pressure cooking, endogenous 
peroxidase was then blocked with 3% H2O2 for 
15 min. The sections were then incubated with primary 
antibody overnight at 4 ℃. Rabbit polyclonal anti-CTGF 
(1:200, Boster, Wuhan, China) were used. After that, 
the sections were exposed to Maxvision kits for 15 min 
at room temperature. phosphate buffered saline (PBS) 
was used instead of primary antibody for blank control. 
The sections were counterstained with haematoxylin 
after using diaminobenzidine (DAB) as a dye. At least 
fi ve random fi elds of every section were examined under 

optical microscope and analyzed the semiquantitative 
results by image-pro-plus (IPP, China). 

Statistical Analysis
The results were analyzed by SPSS 13.0 for 

windows (Inc., Chicago, USA). The measurement data 
were presented as means±standard deviations (SD). 
The comparison between groups was determined by 
one-way analysis of variance (ANOVA). Pearson analysis 
was employed to assess signifi cant correlations. P-values 
less than 0.05 were considered statistically significant. 

RESULTS
Effects of GFK on CTGF, Integrin α5, and 
Integrin β1 in Rat Livers 

RT-PCR showed that the mRNA levels of 
CTGF, integrin α5, and integrin β1 were signifi cantly 
increased by CCl4 treatment in the model group 
(P<0.01), but this up-regulation was attenuated 
significantly by GFK in all the three treatment groups 
(P<0.01, Figure 1A ). Western blot showed similar 
changes of protein level of CTGF, integrin α5, 
and integrin β1 (P<0.01, Figure 1B). The brown 
in the immunohistochemistry figures indicated the 
specific antibodies reactivity. In the model group, the 
expression of CTGF was increased remarkably, but it 
was decreased in GFK-treated groups, with the positive 
staining merely adjacent to the fi bers (Figure 1C). 

Ef fec ts  o f  GFK on  Phosphor -FAK and 
Phosphor-Akt 

Western blot analysis revealed that the degree 

Table 1. Primers used for RT-PCR
Gene Sequence(5'-3') Product size (bp)

CTGF Sense CTGGTGCTGGACGGCTGCGG 509

Anti-sense GGAGATGCCCATCCCACAGG

Integrin α5 Sense TCTGGACGGCAATGGATA 435

Anti-sense AAGTTGAGGGCAATGTGAA

Integrin β1 Sense GTGAATGCTATCCCAACT 372

Anti-sense AATAGAACCAGCAGTCATC

CyclinD1 Sense TGTTCGTGGCCTCTAAGATG 450

Anti-sense ACTCCAGAAGGGCTTCAATC

OllagenⅠ Csense TGCCGTGACCTCAAGATGTG 461

Anti-sense CACAAGCGTGCTGTAGGTGA

Collagen Ⅲ Sense AGATCATGTCTTGACTCAAGTC 463

Anti-sense TTTACATTGCCATTGGCCTGA

β-actin Sense GGTATGGGTCAGAAGGACTCC 847

Anti-sense TGATCTTCATGGTGCTAGGAGCC
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of phosphor-FAK and phosphor-Akt was signifi cantly 
increased in the model group (P<0.01), and GFK 
treatment remarkably suppressed the level of 
phosphor-FAK and phosphor-Akt (P<0.01), regardless 
of the dose of GFK (Figure 2). 

Effects of GFK on FAK/Akt Target Gene 
Expression in Rat Livers 

The mRNA level of cyclin D1, collagen Ⅰ, and 
collagen Ⅲ increased in the model group (P<0.01), 
but GFK alleviated this responses remarkably 
according to RT-PCR (P<0.01, Figure 3A). Western 
blot for cyclinD1 showed similar changes on protein 
levels (P<0.01, Figure 3B).  

Correlation Analysis among CTGF, Integrin α5, 
Integrin β1, Phosphor-FAK, Phosphor-Akt, 
CyclinD1, Collagen Ⅰ, and Collagen Ⅲ 

The correlation analysis showed that CTGF was 
significantly correlated with the following measures: 
integrin α5 (r=0.789), integrin β1, phosphor-FAK, 

Figure1. Expression of CTGF, Integrin α5 and Integrin β1 in Rat Livers
Notes: (A) CTGF, integrin α5, and integrin β1 mRNA expression. (B) Western blot analysis of CTGF, integrin α5, and integrin 

β1. (C) Immunostaining of CTGF proteins (×400). P<0.01, compared with the control group; △P<0.01, compared with the model group

312.5 31.25

C

Figure 2. Effects of GFK on Phosphor-FAK and 
Phosphor-Akt in Rat Livers

Notes: P<0.01, compared with the control group; 
△P<0.01, compared with the model group
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phosphor-Akt, cyclinD1, collagen Ⅰ, and collagen Ⅲ 
(P<0.01 for all) (Table 2).
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DISCUSSION
Hepatic fibrosis represents a wound healing 

response to liver injury, in which some pro-fi brogenic 
cytokines are over-expressed. Activated HSCs and 
fi broblasts proliferate and synthesize more ECM. The 
excess accumulations of ECM (e.g., collagen Ⅰ and 
collagen Ⅲ) in hepatic lobule, portal area and hepatic 
sinusoid are the major pathological changes of hepatic 
fi brosis.

CTGF is a member of the CCN [Cyr 61 (cysteine-
rich protein 61), CTGF (connective tissue growth 
factor), and Nov (nephroblastoma overexpressed)] 
family. Recent studies supported that CTGF played 
a prominent role in the pathogenesis of hepatic 
fibrosis. It was found that RNA interfering CTGF could 
prevent rat HSCs activation and extracellular matrix 
secretion in vitro.(18,19) A research of CTGF transgenic 
mice reported that the level of CTGF was elevated, 
and the mouse livers were more susceptible to the 
injurious fibrotic stimuli, which demonstrated a role 
of CTGF in the regulation of profibrotic action in the 
micro-environment.(20) In addition, there are several 
interactions between CTGF and some cell-surface 

Figure 3. Expression of CyclinD1, Collagen Ⅰ, and Collagen Ⅲ in Rat Livers
Notes: (A) cyclinD1, collagen Ⅰ, and collagen Ⅲ mRNA expression. (B) cyclinD1 protein expression. P<0.01, compared with the 

control group; △P<0.01, compared with the model group

molecules, such as integrin α5 and integrin β1.(12) 
However, the molecular mechanisms, especially the 
signal pathway in vivo, by which CTGF plays its role in 
hepatic fi brosis remain to be established.

Moreover, FAK/Akt pathway was associated with 
cellular activation and proliferation as downstream signal 
in the integrin signal pathway.(21-23) Previous studies 
have shown that sustained activation of Akt induced 
significant cellular proliferation, in which increased 
cyclinD1 expression was involved.(13) As we know, 
cyclinD1 plays a part in the transition from G1 to S phase 
in the cell proliferation cycle.(24) Therefore, activated FAK/
Akt pathway significantly impacts cell proliferation and 
activation, which might be an important mechanism of 
fi brosis. However, little is known about the signal pathway 
including CTGF and integrin/FAK/Akt, which induced 
collagen and cyclinD1 expression in liver fi brosis in vivo.                                                                                                                                            

This study found that the signal pathway including 
CTGF, integrin α5 and integrin β1/FAK/Akt was 
activated in liver fi brosis rats; GFK could inhibit this signal 
pathway by suppressing the expression of the cytokines 
involved. The expression of CTGF was up-regulated in 
terms of protein and gene levels in CCl4 -injured liver 

Table 2. Correlation Analyses in the Five Groups
Integrin α 5 Integrin β 1 p-FAK p-Akt CyclinD1 Collagen Ⅰ Collagen Ⅲ

CTGF      0.789      0.820 0.886 0.966 0.850 0.963 0.969

Note: values are correlation coeffi cients (r); P<0.01
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fibrosis rats, and this indicated that CTGF was a pro-
fibrogenic factor, which was similar to those findings 
previously.(25,26) The expression of integrin α5 and 
integrin β1 on both gene and protein levels increased, 
which suggested that CTGF may need the interaction 
with integrin α5 and integrin β1. The degree of both 
phosphor-FAK and phosphor-Akt signifi cantly increased 
in the model group, suggesting that FAk/Akt signal 
pathway was activated in liver fibrosis in vivo. Some 
previous studies on cultured HSCs also indicated that 
the activation of FAK and Akt was associated with 
the progression of fibrosis.(27-29) In the hepatic fibrosis 
model, cyclinD1, collagen Ⅰ, and collagen Ⅲ were up-
regulated. This indicated that as the downstream target 
genes, they may be activated by CTGF and integrin/
FAK/Akt signal pathway. 

The correlation study showed that the up-
regulation of CTGF was significantly correlated with 
activated integrin α5 and integrin β1/FAK/Akt signal 
pathway, and over expression of cyclinD1, collagen Ⅰ, 
and collagen Ⅲ. Overall, these results provide strong 
evidence that integrin α5 and integrin β1/FAk/Akt 
signal pathway, driven by CTGF, is activated in CCl4-
injured hepatic rats.

Some Chinese medicines have been found to 
be effective for protecting livers from fibrogenesis 
and other chronic injuries. The results in our previous 
studies showed that GFK could improve hepatic 
function in a fi brosis model, including decreasing the 
activities of serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST).(14) Besides, 
GFK could attenuate the inflammatory responses by 
down-regulating the expression of some cytokins in 
non-alcoholic steatohepatitis (NASH).(15) However, the 
molecular mechanisms of the protective effects need 
further research. 

Our previous studies found that GFK could 
inhibit the expression of TGF-β and PDGF, which are 
traditionally considered as important cytokines in hepatic 
fi brosis. In the progression of hepatic fi brosis, TGF-β 
and PDGF are the major pro-fi brotic factors inducing 
fibrosis by direct activation of ECM-producing cells, 
proliferation of HSCs, and stimulating synthesis of 
ECM.(30,31) Inhibition of TGF- β and PDGF results 
in potent reduction of fibrosis.(32) However, these 
molecules may play important roles in some physiological 
processes, such as regulating cellular immune functions 

and attenuating inflammatory responses. So, their 
inhibitions may lead to some adverse side effects and 
may be a "double-edged sword".(33) CTGF shares some 
biological effects with TGF-β and PDGF, including 
stimulation of cellular proliferation and ECM synthesis, 
but CTGF does not share their functions of immune 
modulation or inflammatory cellular activation.(34) Thus, 
main inhibiting CTGF and suitable inhibiting TGF-β and 
PDGF will be more reasonable therapy methods. 

The results in the GFK-treated groups showed 
that GFK significantly reduced the expressions of 
CTGF, together with integrin α5 and integrin β1, 
phosphor-FAK, and phosphor-Akt both on gene and 
protein levels. This suggests that the factors activated 
in this signal pathway in hepatic fibrosis received 
efficient suppression by GFK. Moreover, the following 
downstream factors, cyclinD1, collagen Ⅰ, and collagen 
Ⅲ were also decreased after GFK treatment. Therefore, 
we concluded that GFK could protect liver against 
fibrogenesis by reducing cyclinD1, collagen Ⅰ, and 
collagen Ⅲ expression, in which the inhibiting effects on 
CTGF and integrin α5 and integrin β1/FAk/Akt signal 
pathway were involved. The differences among the three 
dosages of GFK treatment groups remains unclear, 
which need further experiment to clarify. 

To sum up, CTGF, integrin α5 and integrin 
β1/FAk/Akt signal pathway contribute to increasing 
cyclinD1 and collagen genes expression in the CCl4-
injured hepatic fi brosis rats; GFK attenuates the degree 
of hepatic fi brosis by inhibiting the expression of CTGF, 
integrin α5 and integrin β1/FAk/Akt signal pathway. 
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