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Abstract

AIM: Hepatic stellate cell (HSC) plays a pivotal role in
liver fibrosis and is considered as the therapeutic target
for the treatment of hepatic fibrosis. Tyrosine protein
kinase plays an important role in the proliferation,
activation of HSC. The purpose of the study is to
investigate the effects of the tyrosine protein kinase
inhibitor genistein on the proliferation and activation
of cultured rat HSC.

METHODS: Rat HSC were isolated from Wistar rats by in
situ perfusion of collagenase and pronase and single-step
density Nycodenz gradient. Culture-activated HSC were
serum-starved and incubated with 10 to 10°* mol/L
concentration of genistein for 24, 48 or 72 h. In PDGF-
induced HSC proliferation, HSC were stimulated with 10
ng-L*PDGF-BB for 15 min, and then treated with genistein
for the same time. Cell proliferation was measured by
MTT assay and based on flow cytometric analysis of cell
cycle. The a-smooth muscle actin (a-SMA) expression in
HSC was studied with confocal laser microscopy and flow
cytometry. c-fos, c-jun and cyclin D, expression in HSC
was also detected by flow cytometry.

RESULTS: Genistein inhibited basal and PDGF-induced
proliferation of HSC at the concentration of 108 to 10°
mol/L, and treatment with 10 mol/L concentration of
genistein for 48 h inhibited the HSC proliferation
significantly (the inhibition rate was 70.3 %6, P<0.05).
Immunofluorescence detected by confocal laser
microscopy and flow cytometry showed that treatment
with 107 mol/L genistein for 48 h suppressed the
expression of a-SMA significantly in HSC (the specific
fluorescence intensity were 60.2+21.5 vs 35.3+11.6
and 12.8+10.4 vs 9.54+6.39, respectively, both P<0.05).
The intensity of c-fos, c-jun and cyclin D, expression of
HSCs treated with 107 mol/L genistein for 48 h was
also significantly decreased compared with the controls.

CONCLUSION: Genistein influences proliferation of HSC,
suppresses the expression of a-SMA in HSC and t

inhibits the intensity of c-fos, c-jun and cyclin D,
expression of HSCs. Genistein has therapeutic potential
against liver fibrosis.
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INTRODUCTION

Hepatic sellate cells (HSC) areliver mesenchymal cellslocated
in the space of Disse, in close contact with hepatocytes and
sinusoidal endothelial cells. In normal liver tissue, they are
responsiblefor vitamin A storage and metabolism. During liver
fibrogenes's, HSC undergo a process of activation by acquiring
a myofibrablast-like phenotype characterized by increased
proliferation and extracellular matrix component synthesig*3,
It is known that several cytokine can stimulate HSC
proliferation (such as PDGF¥, EGF and bFGF) and collagen
synthesis (TGF-b,) in activated HSC<>". In addition, the
activated cells express substantial amounts of a-smooth muscle
actin (a-SMA) and show strong contracting activity. Taken
together, HSC have been postulated to play critical rolesin
the development of fibrosis of the liver that was injured by
viral infection, alcohol and various drugs®¥. Therefore, itis
important to find out some agentsthat block HSC activation, a
prerequisite to liver fibrosis.

During culture of HSC in a medium supplemented with
serum, they spontaneously undergo activation. This culture-
induced activation has been extensively studied as a model of
the activation secondary to liver fibrogenesis. Thisin vitro
model is useful to understand the molecular mechanism
underlying the activation and/or inactivation of HSC in injured
liver. In this context, interferons!*?, nitrovasdilators™?, relaxin 4
and pentoxifylling!*® have been shown to inhibit the activation
of cultured HSC. Molecular mechanism for the activation of
HSC was found to involve intracellular signal cascades and
transcriptional regulation of certain geness19,

Recently, tyrosine protein kinase (TPK) signaling pathways
were reported to play an important role in the activation of
HSC?, TPK areinvolved in signal transduction pathways that
control cell proliferation and differentiation and they may be
classified into two general groups: (2) membrane receptor
tyrosine protein kinases, including EGF-, PDGF-, CFS-, IGF-
and insulin receptor®, and (b) non-receptor linked and cytosolic
tyrosine protein kinase?. Receptor tyrosine kinasethat mediate
HSC proliferation include the PDGF receptorg* %,

Among many polypeptide growth factors potentially
involved in chronic liver inflammation, PDGF, a dimmer of
two chain referred to as A-chain and B-chain, has been shown
to the most potent mitogen for cultured HSC isolated from rat,
mouse or human liver®, Of the three possible dimeric forms
of PDGF (AA, AB and BB), PDGF-BB had been shown to be
the most potent in stimulating HSC growth and relative
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intracellular signaling, in agreement with a predominant
expression of PDGF-Rb(or type B) subunits as compared with
the expression of PDGF-Ra (or type A) subunitsin activated
HSC. Importantly, co-distribution of PDGF with cells
expressing the relative receptor subunits (a and b) has been
clearly shown after chronic liver tissue damage'?®, thus,
confirming a functional role of this polypeptide mitogen in
the development of hepatic fibrosis.

PDGF receptors are tyrosine protein kinases that are
activated by dimerization and autophosphorylation after ligand
stimulation. The phosphorylated tyrosine can then associate
with intracellular signaling moleculesincluding phospholipase
Cg(PLCg), phosphatidylinositol 3’ -kinase (PI-3K), Src, Grb2-
Sos, and Ras-GTPase activating protein. In particular, the
attention was focused on PDGF-induced activation of three
major pathways recently shown to be highly relevant for
transducing the mitogenic effect of this polypeptide mitogen,
namely PI-3K, extracellular signal regulated kinase (ERK) and
changed in intracellular calcium concentration ([Ca?*];) %29,

In the past decade many efforts were made to develop drugs
that inhibit the tyrosine kinase receptors and their intracellular
signal transduction pathway?!. Inhibition of PDGF-R receptor
tyrosine kinase activity has been reported for tyrphostin classes
of compounds?”. Tyrphostins are small molecules designed
to inhibit tyrosine kinases either through competition for
substrates or through adenosi ne triphosphate binding. lwamoto
et al® had shown that Tyrphostin AG1295 reduced the
proliferation response of HSC, and their findings suggested
a new strategy for the prevention of liver fibrosis with
inhibitors of tyrosine kinase receptors. However, whether
TPK inhibitors other than tyrphostin also have such effects
on HSC isnot known. Furthermore, the molecular mechanism
by which TPK inhibitors suppress the activation of HSC also
remains uncovered.

Genigtein(4,5,7-trihydroxyisoflavone) , a soybean-derived
isoflavone,is a TPK inhibitor that attenuates growth factor-
and cytokine- stimulated proliferation of both normal and
cancer cells. Extensive epidemiological, in vitro, and animal
studies have been performed, and most studies indicated that
genistein has beneficial effects on a multitude of human
disorders, including cancers, cardiovascular diseases,
osteoporosis, and postmenopausal symptoms?*34, Although
genistein has been shown to dose-dependently inhibit natural
and PDGF-BB-induced proliferation and DNA synthesis of
aortic smooth muscle cells from stroke-prone spontaneously
hypertensiverats®, it isunknown whether genistein could inhibit
the proliferation of activated HSC. The aim of the present study
was to investigate the effects of genistein on basal and PDGF-
induced HSC proliferation and activation of HSC.

MATERIALS AND METHODS

Materials

Male Wister rats were obtained from Experimental Animal
Center of West ChinaMedical Center of Sichuan University
(West China University of Medical Sciences, Chengdu,
Sichuan). Genistein and Nycodenz were obtained from Sigma
(ST. Louis, USA). Dulbecco’ s modified medium (DMEM),
trypsin-EDTA and new-born calf serum (CS) were from
GibcoBRL (Maryland, USA). Pronase, Collagenase B and
DNAase | were from Roche Molecular Biochemicals,
(Mannhein, Germany).Monoclonal Antibodiesto Desmin, m
smooth muscle actin (a-SMA) were obtained from Dako
(Glostrup, Denmark). Monoclona antibody to phosphotyrosine
containing protein (p-Tyr), polyclonal antibodiesto cyclinD,,

c-fosand c-jun were purchased from Santa Cruz Biotechnology
(Santa Cruz, USA).

Methods

HSC isolation and culture HSC were isolated from male
Wister ratsby in situ pronase, collagenase perfusion and single-
step Nycodenz gradient according to our previous report 53,
The cells were seeded at a density of 1.5X10%cm? on glass
coverdipsin 6-well culture plate or 100-mm dishes (Falcon)
and maintained in DMEM containing 20 mL- L™* heat-
inactivated new-born calf serum (CS). The purity of HSC
preparations was assessed by intrinsic vitamin A
autofluorescence and immuocytochemistry with antibody
against desmin. The viability of the cellswas evaluated by the
Trypan blue dye exclusion test. The purity and viability of the
primary cells exceeded 90 % and 95 %, respectively. Therefore,
HSC were cultured on uncoated plastic dishes where they
spontaneoudy acquired an activated phenotype, characterized by
expression of a-SMA and by loss of vitamin A droplets® =,
After reaching confluency (about 10-14 days after plating),
activated HSC were detached by incubation with trypsin, and
split in a 1:2 ratio. Experiments were performed on cells
between the second and 5" passages using 3 independent cell
lines, and the purity of activated HSC exceeded 98 %.

Cell vialility and proliferation assay The HSC were plated
at densities of 2 X 10%ml in 24-well plates and incubated for
varioustime periods and various concentrations with genistein.
Theviability of cellswasanalyzed by light microscope, Trypan
blue staining®®!. The proliferation of HSC was assessed with
3-(4,5-dimethylthiazol-2-yi)-2,5-diphenyltetrazolium (MTT),
as described™, using cell cultured in 96-well plates. The HSC
were plated at a density of 2000cells/well in 96-well tissue
culture dishes and allowed to grow for 24 hrsin DMEM
containing 20 mL- L't CS under standard tissue culture
conditions. After three cell washes with phosphate-buffered
saline (PBS), the growth of HSCs was arrested by adding
DMEM medium without serum for 24 h. First, HSC were
incubated with a concentration of O (control) or 10° to 10°®
mol/L genistein in fresh DMEM medium without serum and
alowed to grow for 24, 48 or 72 h. Second, in PDGF-BB (10
ng- LY, proliferation of HSC wasinduced for 15 min and cells
were incubated with a concentration of O (control) or 10° to
10° mol/L genistein for 24, 48 or 72 h. Four replicates were
used for each experimental point. Absorbance valuesfor cell-
free wells were subtracted from all values.

Céll cycle analyze by flow cytometry After 24 h of serum
deprivation, HSC were stimulated with or without 10 ng- L™
PDGF-BB for 15 min and treated with genistein. At the
indicated time, HSC were harvested by trypsin-EDTA, washed
twice with PBS, and fixed in 700 mL- L-*ethanol overnight at
4 °C. After washing once with PBS, fixed cells were stained
with propidium iodide (50 mg- L) in the presence of RNase A
(100 mg- LY, and the cell cycledistribution was analyzed using
the FACScan (Coulter, EPICS ELITE ESP mode!), with acell
cycle analysis program.

Immunoflur escenceand confocal laser microscopy Rat HSC
were cultured on glass cover slipsin DMEM medium
containing 20 mL - L1CS for 24 h, left in serum-free DMEM
medium for an additional 24 h, and then incubated with
genistein (10°-19-° mol/L) for 24, 48 or 72 h. In PDGF
treatment, genestein was added after incubated with PDGF-
BB (10 ng- L) for 15 min. The cellswere fixed with 4 mg- L*
buffered paraformaldehyde with a pH of 7.4 for 20 min and
then permeabilized for 10 min with PBS containing 0.1 mg- L
Triton X-100. The cells were then stained for indirect
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immunoflurescence using either amonaoclonal antibody against
a-SMA diluted 1:100in PBS or amonoclona antibody against
phospho-tyrosine containing protein diluted 1:50 in PBS as
primary antibodies. A goat anti-mouse fluorescein
isothiocyanate (FITC)-conjugated affinity-purified antibody
was used as secondary antibodies at 1:200 dilution in PBS.
Cellswere analyzed with alaser scanner confocal microscope
Bio-Rad MRC 1024ES equipped with aNikon (Tokyo, Japan)
Diaphot inverted microscope.

Immunoflurescent detection of a-SMA, cyclinD,, c-fosand
c-jun by flow cytometry Rat HSC were cultured in plastic 100
mm dishes (Nunc) in DMEM medium containing 20 ml- L2 CS
for 24 h, left in serum-free DMEM medium for an additional
24 h, and then incubated with Genistein (10°-19-° mol/L) for
24, 48 or 72 h. After treatment, the cells were detached by
trypsin and fixed with 4 mg- L* buffered paraformaldehyde
with apH of 7.4 for 20 min and then permeabilized for 10 min
with PBS containing 0.1 mg- L Trixon X-100. The cellswere
then stained for indirect immunoflurescence using either a
monoclonal antibody against a-SMA diluted 1:50 in PBS or a
polyclona antibody against cyclin Dy, c-fos and c-jun diluted
1:50 in PBS as primary antibodies. A goat anti-mouse
fluorescein isothiocyanate (FI TC)-conjugated affinity-purified
antibody and a goat anti-rabbit FITC-conjugated antibody were
used as secondary antibodiesat 1:200 dilution in PBS. Cdlswere
analyzed on aFACScan (Coulter, EPICS ELITE ESP modédl) to
determine the expression of a-SMA, cyclin D,, c-fosand c-jun.

Statistical analysis

Results of cell cycle analyze were expressed as percentage of
total examined cells and gtatistical analysis was performed by
c?test. Other resultswere expressed asx =+ s. Differences between
means were analyzed with student t test for paired samples. A
value of P<0.05 was considered dtatistically significant.

RESULTS

Effects of genistein on the viability of HSC

In order to determine toxic effects of genistein on rat HSC,
they were treated for 3 days with concentration from 10° to
10° mol/L of genistein and analyzed by light microscope and
trypan blue staining. Genistein concentration of 1X 10> mol/
L or lower concentrations had no detectable effects on the
cellular morphology or Trypan blue staining.

Effects of Genistein on the proliferation of HSC

First, we observed effects of genistein on the proliferation of
cultured HSC. As shown in Figure 1, genistein inhibited
proliferation of HSC at the concentration of 10 to 10° mol/L,
and treatment with 107 mol/L concentration of genistein for
48 hinhibited the HSC proliferation significantly (theinhibition
rate was 70.3 %, and the absorbance value was 0.042+0.014
vs0.151+0.055, t=3.51, P<0.05).

Second, in PDGF-BB-induced proliferation of HSC, the
effective concentration for significant inhibition was 107 mol/
L asshown in Figure 1.

Similar results were obtained with the cell cycle analyze
in HSC. Asshown in Figure 2, A and B, the percentages of S
phase in HSCs of control or PDGF- stimulated groups were
24 % and 40.1 % respectively. In contrast, genistein treatment
led to a significant inhibition of new DNA synthesis, and the
percentages of Sphasein HSCsof 107 mol/L concentration of
genistein treated for 48 h were 16.3 % and 19.9 % respectively
(Figure 2, C and D). (24 % vs 16.3 %,c?=53.01, P<0.01; 40.1
% vs 19.9 %,c%=240.1, P<0.01).
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Figure 1 Genistein inhibited the basal and PDGF-BB induced prolifera-
tion of HSCs. Cell proliferation was measured by MTT incorporation
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Figure 2 Flow cytometric analysis of cell cycle of HSC. (A)Control HSC;(B)
HSCs stimulated with 10 ng- L PDGF-BB for 15 min;(C) HSC treated with
107 mol/L genistein for 48 h;(D) HSC stimulated with 10 ngy-L* PDGF-BB
for 15 min and then incubated with 107 mol/L genistein for 48 h.
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Effects of genistein of the expression of a-SMA in HSC
Smooth muscle a-actin has been accepted for use as one of the
indicator of activated HSCs. |mmunofluorescence detecting by
confocd laser microscopy showed that trestment with 167 mol/L
genistein for 48 h suppressed the expression of a-SMA sgnificantly
(the specific flurescence intensity was 60.2+21.5vs 35.31+11.6,
t=12.45, P<0.01, Figure3). And thisobservation wasaso confirmed
by detecting theimmunofluorescence expresson of a-SMA inHSC
by flow cytometey, as shown in Figure 4 and Table 1.

Figure 3 Immunoflurescence detection of a-SMA in HSC by
confocal laser microscopy(X600). (A) Strong staining was ob-
served in control HSC; (B) only a few cells were stained when
HSC treated with 107 mol/L genistein for 48 h

PNT LOG 1000

PNT LOG 1000

Figure 4 Flow cytometric analysis of a-SMA in HSC.
(A,B) control HSC (C,D) HSC treated with 107 mol/L genistein for
48 h. showed significant decreased fluorescence intensity (P<0.05).

Effects of genistein on tyrosine phosphorylation in HSCs
Immunoflurescence detecting by confocal laser microscopy
showed that PDGF-BB stimulated the tyrosine phosphorylation
significantly after 10 ng- L* PDGF-BB incubated with HSC for
15 min (the specific fluorescence intensity was 27.1+18.8 vs
66.5136.3, t=14.65, P<0.05); but treatment with 10" mol/L
genistein for 48 h suppressed the expression of tyrosine
phosphorylation sgnificantly (the specific fluorescenceintensity
was 66.5+36.3 vs46.61+16.4, t=7.39, P<0.05, Figureb).

Figure 5 Immunoflurescence detection of the expression of tyrosine
phosphorylation in HSC by confocal laser microscopy(X200).
(A)HSC stimulated with 10 ng- L'*PDGF-BB for 15 min showed
a strong staining for phosphoyrosine containing protein; (B)
HSCs stimulated with 10 ng-L*PDGF-BB for 15 min and then
incubated with 107 mol/L genistein for 48 h showed signifi-
cant decreased fluorescence intensity for phosphoyrosine con-
taining protein.

Table 1 Flow cytometric analysis of a-SMA, c-fos, c-jun and
cyclin D, expression in HSCs (the specific fluorescence intensity)

Groups HSC control  107mol/Lgenistein ttest HSC control 107mol/Lgenistein t test
for 24hrs  treated for 24 hrs for48hrs  treated for 48 hrs

a-SVA Detected 6.15+4.03 5.0143.30 t=15.39 12.84+10.4  9.5446.39 t=15.03

cell numbers (n) 4857 5086 P<0.05 2940 3985 P<0.05

c-fos Detected ~ 19.4+7.55 16.3+5.74 t=20.64 14.7+5.68 12.1+4.18 =18.68

cell numbers (n) 3122 7649 P<0.05 2412 2917 P<0.05

c-jun Detected  17.22+5.49 15.69+4.77 t=13.32 7.99+4.11 6.74+£2.05 t=3.20

cell numbers (n) 3454 5100 P<0.05 6589 4194 P<0.05

cyclinD Detected 25.6+11.1  24.049.98 t=10.23  5.7612.05 3.00+1.05 t=66.32

cell numbers (n) 8604 9569 P<0.05 5615 5584 P<0.05

Effects of genistein on expression of c-fos, c-jun and cyclin D,
The expression of c-fos, c-jun and cyclin D, were remarkably
lower in HSCs that incubated with 107 mol/L genistein for 48
hrsthan in the controls, as shown in Table 1 and Figure 6.
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Figure 6 Flow cytometric analysis of c-fos (A), c-jun(B) and
cyclin D,(C) expression in HSC. -indicated the control HSC and
-indicated HSC treated with 107 mol/L genistein for 48h.

DISCUSSION

Genistein-asoy derived isoflavone has recently attracted much
attention of the medical scientific community. This compound
was found to be a potent agent in both prophylaxis and
treatment of cancer aswell asother chronic diseases. In addition
to its proposed actions on prevention cancer, genistein has
recently been shown to have antitumor, anti-oxidant and anti-
inflammatory effects?® 3%, The great interest that has focused
on genistein led to the identification of numerous intracellular
targets of itsaction in the live cells. It was reported®” that six
flavonoids (fisetin, quercetin, apigenin, phloretin, hesperatin
and chalcone) inhibited the proliferation of HSCs, but the
underlying mechanisms responsible for theirs effects are not
yet completely understood. And littleisknown about the effects
of genistein on the HSCs, the cell type primarily involved in
hepatic fibrogenesis. Therefore we used an in vitro model in
which the activation and proliferation of HSCs were induced
by growth on plastic dishesto study the effects of genistein on
HSCs and its possible mechanisms.

This culture-induced activation process showed, asfar as
known, all features of the in vivo process. The present report
describes that genistein influences several aspects of the HSC
activation. It diminishes proliferation, decreasesthe expression
of a-SMA, c-fos, c-jun and cyclin D; and these effects of
genistein are not due to atoxic cell damage.

In this study, we observed the effect of genistein on the
proliferation of activated HSCs. We found that 108 to 10> mol/
L concentration of genistein not only inhibited the basal
proliferation of activated HSC, but also inhibited the
proliferation of HSCs induced by PDGF-BB. Inhibition of
proliferation of HSCs by genistein is not surprising, because
reduced cell growth by genistein has been extensively reported.
The activated HSCs express receptors for various growth
factors, such as PDGF?3 |GF*, and bFGF“Y, which are
receptor tyrosine protein kinases (RTKs) that have been
implicated in HSCs proliferation. One mechanism how
genistein might influence the proliferation of HSCs might be
the down-regulation of the RTKsin the membrane of HSCs.

In mammalian cells, the Ras’/ERK pathway directs signals
to the immediate-early genes, such as c-fos, c-jun and other
co-regulated genes. c-fos has been reported to function by
froming homodimer alone or heterodimer with c-jun, which
forms the dimeric transcription factor complex activator
protein-1 (AP-1) -4, Recently, it has been demonstrated that
the motigen actvited protein kinase (MAPK) family, including
c-jun NH-terminal kinase (JNK) and ERK, plays an important
rolein the HSC cellular response to stress*l. Acetadehyde,
the major active metabolite of alcohol, is known to stimulate
alphal (I) collagen production in HSC in a JINK-dependent
pathway!*. C-fosand c-jun, two important terminals of various
signal transduction pathways and important nuclear factors
involved in regulating cytokine gene expression, have been
reported to express in activated human HSCs*!. Recent
evidence showed that genistein significantly attenuated the
hydrogen peroxide-induced proliferation in aortic smooth
muscle cells and c-jun gene expressioni“®l, and the inhibition
of c-fos expression, AP-1 transactivation and ERK
phosphorylation may contribute to the growth-inhibitory effect
of genistein in some breast cell typed*. The results of our
experiments showing aninhibition of c-fosand c-jun expresson
by genistein further support an effect of this drug on the
activated Ras/ERK pathway, including downstream nuclear
events leading to HSC cell proliferation.

Another interesting finding is that genistein reduced the
protein level of cyclin D,, a cell cycle related protein.
Proliferation of eukaryotic cellsisgenerally controlled at stages
from G, to Stransition phases. G; cyclinsinclude three forms
of cyclin D (D,, D, and Ds) and cyclin E that associate with
either cdk2, cdk4 or cdk6, and cyclin D, D,, and D; are markers
for G, phasd“d. It was reported that administration of genistein
to rats with a acute renal injury decreased the activation of
ERK, and the induction of cyclin D, was also prevented by
this treatment!“®. The present study showed that genistein
decreased the cellular level of cyclin D,, and this notion was
consistent with the results obtained by cell cycle analyze and
MTT assay.

Genistein examined in the present study also inhibited the
expression of a-SMA in HSCs. Expression of a-SMA is
reported to be regulated by the discoidin domain receptor 2
(DDR?2), atyrosine kinase receptor expressed in mesenchymal
tissue whose ligand is fibrillar collagen®®. In general, HSC
undergoing proliferation concomitantly express a-SMA[X3,
Inhibitors for HSC activation, such as candesartan and
perindopril 54, the semisynthetic analogue of fumagillin TNP-
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47053, interferont™? and a salective ROCK inhibitor, Y 27632 53,
block both cellular proliferation and expression of a-SMA.
Therefore, proliferation and expression of a-SMA in HSC seem
to betriggered by the samesignal transduction pathway, athough
so far a detailed analysis has been lacking. Perhaps, growth-
simulatory signasinvolvetheactivation of positivetranscription
factorsinthe 5 -flanking region of a-SMA gene. However, the
molecular mechanism by which genestein inhibitsthe expression
of a-SMA in HSC should be further studied.

In summary, the present report showed that genistein
regulated the proliferation and the expression of a-SMA,c-
fos, c-jun and the cell cycle protein D, thereby modulating
functions of HSC. This effect appears partially mediated by a
reduction of PDGF-stimulated ERK activity aswell as of other
intracellular pathways. The mechanisms of action of genistein
include itsrole as weak estrogens, inhibitor of TPK-dependent
signal transduction processes and as cellular anti oxidantg %4,
Findingg® % suggest that estradiol isa potent inhibitor of HSC
activation and transformation, and it suppressed the induction
of hepatic fibrosis. So the effects of genistein to HSCs may
also include its weak estrogens role. Because HSCs play
pathological roles in inflammation and fibrosis of the liver,
therapeutic potential of genistein to hepatic fibrosis should be
studied further.
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