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Abstract

AIM: To investigate the effects of herbal compound 861
(Cpd 861) on cell proliferation in human hepatic stellate
cells (LX-2) and human hepatocellular liver carcinoma cells
(HepG2), and expression of α-smooth muscle actin (α-SMA)
in LX-2 cells.

METHODS: LX-2 and HepG2 cells were incubated with
various concentrations of Cpd 861 (0.1-0.003 mg/mL) for 1,
2, 3, 5 and 7 d. Cell proliferation was analyzed by 3-(4, 5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) assay. Effects of Cpd861
on the expression of α-SMA mRNA in LX-2 cells were
measured by real-time quantitative PCR method using SYBR
Green I technology.

RESULTS: Cpd 861, at 0.1 mg/mL, significantly inhibited
LX-2 cell proliferation (15% decrease relative to control,
P<0.05) after 3 d of incubation. The inhibitory effects seemed
to increase with the treatment time (25% decrease after
5 d of incubation and 35% decrease after 7 d of incubation,
P<0.01). However, Cpd 861 did not affect HepG2 cell
proliferation at the same concentration used for LX-2 cells.
The expression levels of α-SMA mRNA decreased significantly
when LX-2 cells were exposed to Cpd 861 for 48 h (59%
decrease relative to control, P<0.05) or 72 h (60% decrease
relative to control, P<0.01).

CONCLUSION: Cpd 861 can significantly inhibit LX-2 cell
proliferation in a dose-dependant manner, and reduce the
expression levels of α-SMA mRNA in LX-2 cells. Since hepatic
cell proliferation and high level of α-SMA are associated
with liver fibrosis, the results suggest that Cpd 861 may be
useful in the treatment of this disease.
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INTRODUCTION
Hepatic fibrosis is a reversible wound healing response to chronic
liver injury due to a variety of insults, including viral hepatitis
(especially hepatitis B and C), alcohol abuse, drugs, metabolic
diseases, autoimmune attack of hepatocytes or congenital
abnormalities[1,2]. As shown in many recent studies, hepatic
stellate cells (previously called Ito cells, lipocytes, perisinusoidal
cells, or fat-storing cells) are primary cell types to mediate
fibrogenesis[1,2]. In normal liver, hepatic stellate cells (HSCs)
are nonparenchymal quiescent cells with functions to store
vitamin A. Following liver injury of any etiology, HSCs undergo
a process of activation, transform from quiescent vitamin A-rich
cells to proliferative, fibrogenic, contractile myofibroblasts.
Activated HSCs lose lipid droplets, feature high level expression
of α-smooth muscle actin (α-SMA), and also are responsible
for the deposition of the majority of excess extracellular matrix
(ECM, predominantly types I and III collagen), which leads to
form action of scar tissue in the fibrotic liver[1-4].
       Herbal compound 861 (Cpd 861) is an extract of 10 herbs
with Salvia miltiorrhiza, Astragalus membranaceus and
Spatholobus suberectus as its chief components. The recipe
of this mixed compound was based on the therapeutically
indications of Chinese medicine. Clinical studies showed Cpd
861 could significantly improve clinical symptoms in hepatic
fibrosis patients as well as the biochemical parameters
associated with diseases in clinical tests for patients[5,6].
Experimental researches also showed that Cpd 861 could
inhibit cell proliferation, reduce the level of α-SMA and reverse
the process of liver fibrosis on rat model[5-7]. In this study, we
aimed to investigate the effects of Cpd 861 on LX-2 and HepG2
cell proliferation and expression of α-SMA in LX-2 cells.

MATERIALS AND METHODS
Materials
Human activated hepatic stellate cell line LX-2 was a gift from
Dr. Friedman of Mount Sinai School of Medicine. LX-2 cells
were a low-passaged human cell line from normal human stellate
cells that were spontaneously immortalized[8,9]. The cells
exhibited typical features of stellate cells and expressed α-SMA
under all culture conditions and were regarded as at least
partially activated even after immediate replating. LX-2 cells
underwent further activation during growth and expansion on
plastic surfaces[8].
     Human hepatocellular carcinoma cell line HepG2 was
purchased from the Chinese Academy of Medical Sciences
(Beijing, China). Dulbecco’s modified Eagle’s medium
(DMEM), L-glutamine and streptomycin were purchased
from Gibco, Invitrogen, Carlsbad, CA. Fetal bovine serum
(FBS) was from Hyclone, USA. Penicillin and phenazine
methosulfate (PMS) were from Sigma, USA. MTS and oligo
(dT)15 primers were acquired from Promega, USA. TRIzol
reagent and Moloney murine leukemia virus reverse transcriptase
(M-MLV RT) were the products of Invitrogen, CA. SYBR
Green I was purchased from OPE Technology Development
Company, Shanghai, China. Hotstar Taq DNA polymerase was
purchased from TW-Biotech, China.



Cell culture and cell proliferation assay
LX-2 cells were cultured in DMEM supplemented with 50 mL/L
heat-inactivated FBS, 200 mmol/L L-glutamine, 100 U/mL
penicillin and 100 µg/mL streptomycin. HepG2 cells were
cultured in DMEM containing 100 mL/L FBS, 200 mmol/L
L-glutamine, 100 U/mL penicillin and 100 µg/mL streptomycin.
      MTS assay was used to determine the effect of Cpd 861
on the proliferation of LX-2 and HepG2 cells. In metabolically
active cells, MTS was reduced by dehydrogenase enzymes
into an aqueous, soluble formazan product. The absorbance
was measured directly at 490 nm from 96-well assay plates
without additional processing. The quantity of formazan was
considered to be directly proportional to the number of viable
cells in the culture[10,11].
     LX-2 and HepG2 cells were seeded into 96-well tissue
culture plates containing 100 µL DMEM containing 50 mL/L
FBS (5000 LX-2 cells/well and 8000 HepG2 cells/well). After
24 h of incubation (37 , 50 mL/L CO2), the medium was
carefully removed and 100 µL fresh medium containing various
concentrations of Cpd 861 was added into the wells. The cells
were treated continuously with Cpd 861 for 1, 2, 3, 5 and 7 d
and the medium containing Cpd 861 was changed every other
day. At the end of experiments, 20 µL/well of combined MTS/PMS
solution was added. After 3 h of incubation at 37  in a
humidified incubator, the absorbance was analyzed on a
VERSAmax microplate reader at 490 nm. Absorbance values
were the mean±SE of 3 replicates for each treatment. The cells
in only controls and compound controls were included.

RNA isolation and reverse transcription
LX-2 cells were seeded into 60 mm dishes in DMEM containing
50 mL/L FBS. After 3 d of seeding, the medium was carefully
removed and fresh medium containing Cpd 861 (0.01 mg/mL)
was added. After 24, 48 and 72 h of Cpd 861 treatment, total
RNA was extracted from LX-2 cells using TRIzol reagent as
the lysis buffer. Complementary DNA (cDNA) was synthesized
using oligo (dT)15 primers and M-MLV RT.

Real-time quantitative PCR using SYBR Green I
After the reverse-transcription reaction, cDNA templates were
amplified by quantitative real-time PCR. The reaction was
performed using the iCycler iQ real-time PCR detection system
(Bio-Rad, USA) with SYBR Green I. Human α-SMA and
G3PDH (glyceraldehyde-3-phosphate dehydrogenase) primers
were designed using Primer 3 software (Table 1).
     Each experiment was performed in 25 µL of reaction
volume [1.25 µL of 20× SYBR Green, 1 µL of first strand
cDNA (50 ng RNA), 2 µL of each 5 nmolar primer, 0.75 U
Hotstar Taq DNA polymerase, 2.5 µL of 10× amplification buffer
(Mg++ free), 2.5 µL of 25 mmol/L MgCl2, 0.5 µL of 10 mmol/L

solution of four dNTP and 15.1 µL of dH2O]. In the last tube,
1 µL of ddH2O was added as a non-template control. The
conditions of amplification cycles were as follows: 40 cycles
consisting of denaturation at 95  for 40 s, annealing at 59 
(for α-SMA) or at 60  (for G3PDH) for 40 s, and extension at
72  for 30 s.
       The iCycler apparatus was used to measure the fluorescence
of each sample in every cycle at the end of the extension[12]. A
series of consecutive 10 fold dilution of α-SMA and G3PDH
plasmid DNA ranging from 109 copies/µL to 103 copies/µL
were used as the templates for the standard curves. The iCycler
software was used to construct the calibration curve by plotting
the Ct (threshold cycle) vs the logarithm of the number of copies
for each calibrator. The number of copies in unknown samples
was calculated by comparing their Cts with the standard
calibration curve. The quality and quantities of samples were
normalized based on that of G3PDH.
      After PCR, a melting curve was obtained by increasing
the temperature from 55  to 95  with a temperature
transition rate of 0.1 /s. The melting curves of all final PCR
products were analyzed. The differences in melting temperature
of PCR products allowed us to distinguish genuine products
from nonspecific products, and primer dimers. To ensure that
the correct product was amplified in the reaction, all samples
were also separated on 20 g/L agarose gel electrophoresis. All
PCR conditions and primers were optimized to produce a single
product of the correct basepair size.

Table 1  Oligonucleotide PCR primers for human α -SMA
and G3PDH

Oligonucleotide     Oligonucleotide primer                         Fragment
                   sequence                                          size

α-SMA
sense      ACT GGG ACG ACA TGG AAA AG        265 bp
antisense      TAG ATG GGG ACA TTG TGG GT

G3PDH
sense      ACC CAG AAG ACT GTG GAT GG        125 bp
antisense      TTC AGC TCA GGG ATG ACC TT

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

RESULTS
Cell proliferation assay
We examined the effects of Cpd 861 on the proliferation of
LX-2 and HepG2 cells (Figures 1, 2). Cells were incubated

Figure 1  Regulation of proliferation in LX-2 and HepG2 cells by Cpd 861. A: Effect of 0.1 mg/mL Cpd 861 on LX-2 cell proliferation.
B: Effect of 0.1 mg/mL Cpd 861 on HepG2 cell proliferation. Data are expressed as the mean±SE of 3 replicates. aP<0.05 vs LX-2 cell
controls after 3 d of incubation. dP<0.01 vs LX-2 cell controls after 5 d of incubation. fP<0.01 vs LX-2 cell controls after 7 d of incubation.
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with 0.1 mg/mL, 0.03 mg/mL, 0.01 mg/mL and 0.003 mg/mL of
Cpd 861 for different days (Figure 1). Cell proliferation was
performed by MTS assay. As shown in Figure 2, the effects of
Cpd 861 on LX-2 cell proliferation seemed to be correlated with
the dose. A significant proliferation inhibition was observed
when Cpd 861 concentration was over 0.03 mg/mL (Figure 2).
As shown in Figure 1A, 0.1 mg/mL Cpd 861 significantly
inhibited LX-2 cell proliferation (15% decrease relative to control,
P<0.05) after 3 d of incubation. The inhibition effects seemed to
increase with the treatment time (25% decrease after 5 d of
incubation and 35% decrease after 7 d of incubation, P<0.01).
The inhibition of cell proliferation Cpd 861 at 0.03 mg/mL
concentration was also observed on d 3 (15% decrease relative
to control) and on d 5 (21% decrease relative to control) (data
not shown), and still could be observed on d 7 (18% decrease
relative to control) (Figure 2). However, Cpd 861, at 0.01 mg/mL
and 0.003 mg/mL concentrations, did not inhibit LX-2
proliferation evidently. The effects of Cpd 861 on LX-2 cell
proliferation seemed low at early time points (on day 1 and day 2).
We also examined the effects of Cpd 861 on the proliferation of
HepG2 cells. As shown in Figures 1B and 2, Cpd 861 did not
affect HepG2 cell proliferation.

Figure 2  Dose dependent effects of Cpd 861 on cell prolifera-
tion in LX-2 and HepG2 7 d after incubation. Data are expressed
as the mean±SE of 3 replicates. bP<0.01 vs LX-2 cell controls.

Quantification of expression of ααααα-SMA mRNA in Cpd 861-
treated LX-2 cells
We examined the effect of Cpd 861 on the expression of
α-SMA, a phenotypic marker of activated HSCs. The PCR
amp/cycle graph and standard curve graph of α-SMA are shown
in Figure 3. The standard curve showed a correlation coefficient
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Figure 3  Fluorescence data (A) and standard curve (B) for α-SMA generated on iCycler iQ real-time PCR detection system.
Plasmids containing the fragments for α-SMA were diluted from 109 to 103 copies.

Figure 4  Melting curve for all PCR products after amplification.
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>0.99, indicating a precise log-linear relationship. As shown in
melt curve graph (Figure 4), single and sharply defined melting
curves with narrow peaks were obtained for PCR products of α-
SMA gene. Bands visible after electrophoresis on 2% agarose
gel and ethidium bromide staining correlated well with the
quantitative PCR results. As shown in Figure 5, Cpd 861 could
reduce the expression levels of α-SMA in LX-2 cells after
treatment. When LX-2 cells were exposed to Cpd 861 for 48 or
72 h, the expression levels of α-SMA decreased significantly
(59% decrease relative to control at 48 h, P<0.05, and 60% decrease
relative to control at 72 h, P<0.01) (Figure 5).

Figure 5  Effects of Cpd 861 on expression of α-SMA mRNA in
LX-2 cells. LX-2 cells were incubated with 0.01 mg/mL Cpd 861
for different time. The relative number of molecules of α-SMA
mRNA after normalization to G3PDH was calculated. The data
represent mean±SE of 4 replicates for each treatment. aP<0.05
vs LX-2 cell controls after 48 h of incubation. dP<0.01 vs LX-2
cell controls after 72 h of incubation.

DISCUSSION
In the liver, activated stellate cells are the key mediators of
fibrosis[4]. During hepatic fibrogenesis, HSCs undergo an
activation process, becoming highly proliferative and α-SMA
positive myofibroblast-like cells.
      Cpd 861 is an effective herbal compound for treatment of
patients with hepatic fibrosis[5]. Its function to effectively reverse
hepatic fibrosis has been confirmed by liver biopsies[5-7]. In
other studies, data showed that Cpd 861 also could suppress
inflammation and fibrogenesis of the liver tissue[7, 13, 14] and reduce
expression of collagens and fibrosis related cytokines[14-19]. It
could also inhibit rat hepatic stellate cell proliferation in a dose-
dependent manner and decrease activation of rat HSCs in vivo
and in vitro[20,21].
     Our results suggested that Cpd 861 could significantly
inhibit human hepatic stellate cell LX-2 proliferation in a
dose-dependant manner when its concentration was over
0.03 mg/mL. The inhibition function increased obviously with
the incubation time. However, the results showed that Cpd
861 did not inhibit HepG2 cell proliferation at the same
concentration, indicating that Cpd 861 probably could
specifically inhibit hepatic stellate cell proliferation, although
further study is needed.
       RT-PCR is a technique that has been wildly used to quantify
physiological changes in gene expression[22]. However, there
is lack of accurate quantification in most of the cases[22,23].
Real-time PCR techniques developed during the last decade
could offer much more accurate and precise quantitation of
DNA and RNA[23,24]. In our study a reliable and accurate
real-time PCR method using SYBR Green I technology[25,26]

was taken to measure the effects of Cpd 861 on expression of
α-SMA mRNA in LX-2 cells. To quantify the number of
molecules of α-SMA mRNA, standard curves were constructed
with plasmids containing the fragments for α-SMA and

G3PDH as the templates. A high linearity was observed over a
dynamic range of at least 5 orders of magnitude (from 109 to 103

copies). All PCR conditions and primers were optimized to
produce the target products of the correct basepair size just as
shown in melt curves. Quantities of α-SMA were expressed as
relative ratio to the copy number of G3PDH. The results
indicated that the expression levels of α-SMA mRNA decreased
significantly when LX-2 cells were exposed to Cpd 861 at
0.01 mg/mL concentration for 48 or 72 h. Although at the same
concentration, Cpd 861 did not inhibit LX-2 cell proliferation.
     In conclusion, Cpd 861 can significantly inhibit LX-2
proliferation in a dose-dependant manner when its
concentration is over 0.03 mg/mL. Additionally, Cpd 861 can
reduce the expression levels of α-SMA mRNA in LX-2 cells
and this function seems independent of its effects on inhibition
of cell proliferation.
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