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Abstract
AIM: To identify the role of herbal compound 861 (Cpd 
861) in the regulation of mRNA expression of collagen 
synthesis- and degradation-related genes in human 
hepatic stellate cells (HSCs).

METHODS: mRNA levels of col lagen typesⅠand 
III, matrix metal loproteinase 1 (MMP-1), matrix 
metalloproteinase 2 (MMP-2), membrane type-1 matrix 
metalloproteinase (MT1-MMP), tissue inhibitor of 
metalloproteinase 1 (TIMP-1), and transforming growth 
factor β1 (TGF-β1) in cultured-activated HSCs treated 
with Cpd 861 or interferon-g (IFN-g) were determined by 
real-time PCR.

RESULTS: Both Cpd 861 and IFN-g reduced the mRNA 
levels of collagen type Ⅲ, MMP-2 and TGF-β1. Moreover, 
Cpd 861 significantly enhanced the MMP-1 mRNA levels 
while down-regulated the TIMP-1 mRNA expression, 
increasing the ratio of MMP-1 to TIMP-1 to (6.3 + 0.3)- 
fold compared to the control group. 

CONCLUSION: The anti-fibrosis function of Cpd 861 
may be mediated by both decreased interstitial collagen 
synthesis by inhibiting the transcription of collagen 
type Ⅲ and TGF-β1 and increased degradation of these 
collagens by up-regulating MMP-1 and down-regulating 
TIMP-1 mRNA levels.
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INTRODUCTION
Hepatic fibrosis, a wound-healing response to a variety 
of  chronic liver injuries, is characterized by the increased 
deposition of  remodeled extracellular matrix (ECM). 
Hepatic stellate cells (HSCs), the major source of  ECM in 
liver, play a central role in the progress of  fibrogenesis[1-4]. 
After acute or chronic injury, HSCs are activated by 
autocrine and paracrine mediators and have greater 
fibrogenic, contractile and migration activities than “resting 
hepatic stellate cells” accompanied with expressing 
activation markers (e.g., α-smooth muscle actin, α-SMA). 
In addition to the synthesis of  greater amounts of  ECM 
components (predominantly collagen typesⅠand Ⅲ), 
activated HSCs also show altered expression/activity of  
matrix metalloproteinases (MMPs) and tissue inhibitors of  
metalloproteinases (TIMPs), thereby leading to increased 
deposition of  extracellular matrix and formation of  scar 
tissue in the fibrotic liver[6-8]. Thus, the activated HSCs are 
considered a therapeutic target for antifibrotic drugs[2-5].

Herbal compound 861 (Cpd 861) is an extract of  mixed 
Chinese herbs that have been used for liver disease treatment 
in traditional Chinese midicine (TCM). Randomized double-
blinded clinical studies have verified that Cpd 861 could 
significantly improve clinical manifestations and biochemical 
parameters of  chronic HBV-related liver fibrosis patients, 
as well as regression of  hepatic fibrotic change[9-11]. Our 
preliminary data show that Cpd 861 could inhibit HSC 
proliferation and reduce the expression of  α-SMA in 
culture-activated HSCs[12]. The aim of  the present study was 
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to identify the role of  Cpd 861 in the regulation of  collagen 
synthesis and degration in culture-activated HSCs and to 
define its antifibrosis molecular mechanisms of  action on 
the expression of  collagens, MMPs, and TIMP-1 in human 
hepatic stellate cells.

MATERIALS AND METHODS
Subjects
Human hepatic stellate cell line LX-2 used in this study 
was kindly provided by Dr. Friedman SL of  the Mount 
Sinai School of  Medicine. The cells express α-SMA under 
all culture conditions and therefore are regarded as at 
least partially activated even after immediate replating[13]. 
The cells were cultured in Dulbecco’s modified Eagle’s  
medium (DMEM; Gibco, Invitrogen, Carlsbad, CA), 
supplemented with 5% heat-inactivated fetal bovine serum 
(FBS; Hyclone, USA), 200 mmol/L L-glutamine(Gibco, 
Invitrogen, Carlsbad, CA), 100 000 U/L penicillin(Sigma, 
USA) and 0.1 g/L streptomycin (Gibco, Invitrogen, 
Carlsbad, CA) in an atmosphere containing 50 mL/L CO2. 

Compound treatments
Cells were cultured in DMEM containing 5% FBS in 
an atmosphere containing 50 mL/L CO2. The medium 
was carefully removed before compound treatment. The 
fresh medium containing Cpd 861 (0.01 g/L, in this 
concentration Cpd 861 had no effect on the proliferation 
of  LX-2 cells) [12] and IFN-γ (1 000 000 U/L, Fosun 
Pharma, Shanghai, China) was added. IFN-γ, which can 
reduce HSC activation both in vivo and in vitro associated 
with reduced extracellular matrix deposition in animal 
hepatic fibrosis progression[14-17], was used as the positive 
control. The changes in mRNA expression of  collagen 
typesⅠand Ⅲ, matrix metalloproteinase 1 (MMP-1), 
matrix metalloproteinase 2 (MMP-2), membrane type-1 
matrix metalloproteinase (MT1-MMP), tissue inhibitor of  
metalloproteinase 1 (TIMP-1), and transforming growth 
factor β1 (TGF-β1) were detected by quantitative real-time 
PCR.

RNA isolation and reverse transcription
Total RNA was extracted from LX-2 cells as previously 
described[12]. The concentration of  total RNA was 
determined spectrophotometrically with ND-1000 
spectrophotometer (NanoDrop, USA) and the integrity 
of  samples was confirmed by visualizing 28 S and 18 S 
ribosomal RNA bands under ultraviolet light after agarose 
gel electrophoresis. One μg of  RNA was added to each 
reaction tube and converted to complementary DNA 
(cDNA) using oligo (dT)15 primers (Promega, USA) and 
SuperScript™ Ⅱ reverse transcriptase(Invitrogen, CA).

Quantitative real-time PCR using SYBR green Ⅰ
Real-time PCR reaction was performed (10 min at 95℃ 
for activation, 15 s at 95℃ and 60 s at 60℃ for 40 cycles 
of  amplification) on the Applied Biosystems 7300 Real 
Time PCR System using SYBR® Green PCR Master 
Mix (Applied Biosystems, USA). Standard curve method 
and/or comparative CT method were used to quantify 

the mRNA expression levels[18,19]. Standard curves were 
generated using 103-109 copies of  plasmids containing 
cDNA of  each target gene, and results were normalized 
for RNA input using glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). Samples and standards were 
analyzed in triplicate for each set of  primers (Table 1).

After PCR, the melting curves of  all final PCR products 
were analyzed as previously described[12]. To ensure that the 
correct products were amplified in the reaction, all samples 
were also separated on 2% agarose gel electrophoresis. All 
PCR conditions and primers were optimized to produce a 
single product of  the correct basepair size.

Statistical analysis
Data were expressed as mean ± SE. Statistical analysis was 
performed using GraphPad Prism software (version 3.0). 
t-test was used for comparison between the groups. P < 0.05 
was considered statistically significant.

RESULTS
Cpd 861 regulated the mRNA expression of  hepatic fibo-
rosis related genes.

To detect the effects of  Cpd 861 on collagen synthe-
sis and degradation in LX-2 cells, the mRNA levels of  
collagen typesⅠand Ⅲ, MMP-1, MMP-2, MT1-MMP, 
TIMP-1, and TGF-b1 in cultured-activated HSCs after 48 
h of  treatment with Cpd 861 (0.01 g/L) or interferon-γ 
(1 000 000 U/L) were determined by real-time PCR. The 
data were normalized by GAPDH. As shown in Figure 1, 
both Cpd 861 and interferon-γ reduced the mRNA lev-
els of  collagen type Ⅲ, MMP-2 and TGF-b1. Moreover, 
Cpd 861, but not interferon-γ, significantly enhanced the 
MMP-1 mRNA levels, but at the same time inhibited the 
TIMP-1 mRNA expression which increased the ratio of  
MMP-1 to TIMP-1 to (6.3 ± 0.3)-fold compared to the 
control group. In our study, the mRNA levels of  collagen 
typeⅠand MT1-MMP in LX-2 cells did not change much 
after 48 h of  treatment with Cpd 861. To further under-
stand the mechanisms of  Cpd 861, the change over time 
was also detected. As shown in Figure 2, after 24 h of  

Table 1  Oligonucleotide PCR primers for human genes

Oligonucleotide   Oligonucleotide primer Fragment sequence
size (bp)

Col Ⅰ L: GTCGAGGGCCAAGACGAAG 143
R: CAGATCACGTCATCGCACAAC

Col Ⅲ L: TGGTCCCCAAGGTGTCAAAG 117
R: GGGGGTCCTGGGTTACCATTA

MMP-1 L: TCTGGGGTGTGGTGTCTCA 114
R: GCCTCCCATCATTCTTCAGGTT

MMP-2 L: ACATCAAGGGCATTCAGGAG 268
R: GCCTCCGTATACCGCATCAAT

MT1-MMP R: GAAGCCTGGCTACAGCAATATG 119
L: TGCAAGCCGTAAAACTTCTGC

TIMP-1 L: CTTCTGCAATTCCGACCTCGT 127
R: CCCTAAGGCTTGGAACCCTTT

TGF-β1 L: GGCCAGATCCTGTCCAAGC 201
R: GTGGGTTTCCACCATTAGCAC

GAPDH L: ATGGGGAAGGTGAAGGTCG 108
R: GGGGTCATTGATGGCAACAATA



treatment with Cpd 861, the MMP-1 mRNA expression 
progressively increased significantly, while the expression 
levels of  collagen type Ⅲ, MMP-2, and TIMP-1 decreased 
significantly after exposed to Cpd 861 for 48 h or 72 h.

DISCUSSION
The altered balance between the synthesis and degradation 
of  matrix proteins is the major pathogenic feature in the 
hepatic fibrosis process, which leads to the quantitative 
and qualitative change of  composition in hepatic ECM. In 
advanced liver fibrosis, the total components of  ECM in-
crease accompanying a decrease in the normal low density 
basement membrane-like matrix (collagen type Ⅳ) being 
replaced by interstitial type matrix (mainly collagen types
Ⅰand type Ⅲ), leading eventually to the net deposition of  
fibrillar matrix[20].

The extracellular matrix synthesis is mediated at both 
transcriptional and post-transcriptional levels, while its 
degradation is predominantly regulated by MMPs, which 
can degrade almost all ECM components. For example, 
MMP-2 (gelatinase A), one of  the major MMPs during 
liver fibrogenesis, degrades type Ⅳ collagen, and this 
function can enhance the normal basement replacement 
by fibril-forming collagen which contributes to the 
pathogenesis of  liver fibrosis. MMP-2 is secreted as a 
pro-enzyme, and its activation involves a membrane type 
MMP (MT1-MMP) expressed on the cell surface[21,22]. In 
contrast to MMP-2, interstitial collagenases (MMP-1 in 
humans, MMP-13 in rats) are involved in the degradation 
of  interstitial type matrix by cleaving such substrates at 
a specific Gly-Ile/Leu site[6]. The activities of  MMPs 
are inhibited by TIMPs (a family of  tissue inhibitors of  
metalloproteinases, TIMP-1 and TIMP-2 especially in the 
liver)[6]. The combination of  MMPs and TIMPs plays a 
critical role in the remodeling of  hepatic ECM during liver 
fibrogenesis. When liver fibrosis progresses, in addition to 
increased matrix synthesis, the enhanced expression and 
release of  MMP-2 and MT1-MMP as well as TIMP-1 are 
also the striking features, while the expression of  MMP-1 
decreases or remains unchanged, which serves to promote 
progression of  liver fibrosis by preventing degradation of  
interstitial collagens[6,23].

In the liver, HSCs are the key cell type involved 
both in the synthesis and in the degration of  matrix 

proteins. These cells are the major fibrogenic cell type 
that contributes to collagen accumulation in the liver. In a 
normal liver, HSCs in the space of  Disse are maintained 
in a quiescent, nonfibrogenic phenotype. When the liver 
is injured, these cells are activated and transformed to 
myofibroblast-like cells characterized by fibrogenesis, 
contractility, and migration, production of  much larger 
amounts of  the majority components of  extracellular 
matrix, particularly collagen types Ⅱ and Ⅲ. Moreover, 
satellite cells also express almost all the key components 
required for matrix degradation such as MMP-1, MMP-2 
and TIMP-1[1,24]. Changes in the activity of  MMPs and 
TIMPs lead to the remodeling of  hepatic ECM during 
injury to the liver, which in turn directly and indirectly 
accelerates stellate cell activation.

LX-2 cells, a human hepatic stellate cell line, were 
used in our study. LX-2 cells retain features of  HSCs and 
express key proteins involved in matrix remodelling[13]. 
The cells express α-SMA under all culture conditions 
and are regarded as, at least, partially activated even after 
immediate replating. Furthermore, during growth on a 
plastic surface, the cells undergo further activation as 
defined by the increase in α-SMA[25]. In our study, the 
collagen type Ⅲ and MMP-2 mRNA expression increased, 
while MMP-1 mRNA expression was down-regulated 
when these cells were further activated on a plastic surface 
(data not shown), consistent with those seen in clinical or 
animal studies[6,23]. Thus, LX-2 cells provide a valuable tool 
in our anti-fibrotic drug research.

Cpd 861 formulated by one of  the authors (Bao’en 
Wang)[10] according to Chinese medical theory, is comprised 
of  Salvia miltiorrhiza, Astragalus membranaceus and 
Spatholobus suberectus as its chief  components. This 
herbal compound has been proven to be effective for 
the treatment of  patients with hepatic fibrosis and its 
therapeutic effectiveness in making hepatic fibrosis regress 
has been confirmed by several random clinical tests with 
paired liver biopsies and animal model studies[10,11,26,27]. Our 
previous study demonstrated that Cpd 861 can significantly 
inhibit cell proliferation in a dose-dependent manner and 
reduce the mRNA expression level of  α-SMA in LX-2 
cells[12]. In this study, we used real-time PCR to identify 
mRNA expressions of  collagens, MMPs, and TIMPs in 
culture-activated HSCs. The data show both Cpd 861 and 
positive control IFN-γ inhibited the mRNA expressions 
of  TGF-b1, MMP-2, and collagen type Ⅲ, while there was 
no difference in the mRNA expression of  MT1-MMP and 
collegen typeⅠobserved in LX-2 cells treated with either 
Cpd 861 or IFN-γ alone.

As the dominant stimulus of  ECM production by 
HSCs, the increasing expression of  TGF-β1 has been 
demonstrated in both culture-activated HSCs and  
in vivo studies, and the autocrine expression in activated 
HSCs is its most important resource[28-30]. Besides direct 
transcriptional down-regulation of  collagen type Ⅲ, the 
restraining of  mRNA expression of  TGF-β1 may also 
play an important role in both Cpd 861 and IFN-γ anti-
collagen-synthesis functions.

As discussed above, the degradation of  basement 
membrane by HSC-derived MMP-2 is critical to further 
activation of  HSCs and scar formation during liver 
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Figure 1  mRNA expression changes of collagen typesⅠand Ⅲ, MMP-1, 
MMP-2, TIMP-1, and TGF-β1 in LX-2 cells after 48 h of treatment with Cpd 861  
(0.01 g/L) or interferon-γ (1 000 000 U/L). The levels of mRNA were determined 
by real-time PCR and normalized by GAPDH. Results are expressed as fold 
inductions compared to each control group. The data represent mean ± SE of 
triplicate for each treatment. 
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wound remodeling. The transcriptional down-regulation 
of  MMP-2 by both Cpd 861 and IFN-γ may protect 
the normal basement membrane from being replaced 
by fibrillar matrix and indirectly inhibit the activation of  
HSCs.

It is particularly interesting that, in contrast to IFN-γ, 
Cpd 861 also can significantly enhance the mRNA level 
of  MMP-1 and decrease the TIMP-1 mRNA expression, 
indicating that Cpd 861 can directly (enhancing the 
expression of  MMP-1) and indirectly (inhibiting the 
expression of  TIMP-1) enhance the degration of  
collagens. The data from the time course study indicate 
that the up-regulation of  MMP-1 expression preceded the 
changes in MMP-2, TIMP-1, and collagen type Ⅲ mRNA 
levels, suggesting that the fibrillar matrix degration has 
already enhanced before its synthesis is inhibited by Cpd 
861. In addition to their role in inhibiting extracellular 
matrix degradation, there is increasingly recognized that 
TIMPs play a significant role in regulating apoptosis of  
some cell types[6]. Thus, the down-regulation of  TIMP-1 
mRNA levels by Cpd 861 may also contribute to pro-
apoptosis function in the HSCs due to its mechanism 
underlying anti-fibrosis.

In conclusion, the anti-fibrotic function of  Cpd 861 
may be attributed to both the decreased interstitial collagen 
synthesis by down-regulating the mRNA levels of  collagen 
type Ⅲ and TGF-b1 as well as increased degradation 
of  these collagens by up-regulating MMP-1 and down-
regulating TIMP-1, accompanying protection of  the 
normal basement membrane from destruction by MMP-2, 
and perhaps at some points associated with the apoptosis 
of  activated HSCs. Further work is required to accurately 
analyze the relative roles of  these different functions in 
detail, and this will be important in the development of  
novel antifibrotic therapies.
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 COMMENTS
Background
The altered balance between the synthesis and degradation of matrix proteins is 
the major pathogenic feature in the hepatic fibrosis process. The purpose of this 
study was to identify the role of herbal compound 861 (Cpd 861) in the regulation 
of mRNA expression of collagen synthesis- and degradation-related genes in 
human hepatic stellate cells (HSCs).

Research frontiers
Although remarkable progress has been made in understanding the mechanisms 
underlying hepatic fibrosis and plenty of agents have been studied, few effective 
“anti-fibrogenic” drugs have been approved for use in humans.

Innovations and breakthroughs
The study not only verified the clinical anti-fibrotic effect of the herbs, but also 
explored the multiple action sites of the herbal compound which is evidently 
different from that of the purified ingredients in Western drugs.

Applications
The results of this study could allow for developing the effective anti-fibrogenic 
drugs from the Chinese herbs.

Peer review
This is an interesting paper, describing the effect of plant extract Cpd 861 on the 
levels of mRNAs encoding collagens (typesⅠand Ⅲ, metalloproteinases (MMP-1 
and MMP-2), and various other factors (TIMP-1 and TGF-beta 1) in LX-2 cells 
of stellate cell origin. The plant extract appeared to regulate the mRNA levels of 
collagen synthesis- and degradation-related genes, thus demonstrating an anti-
fibrotic effect.
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