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BACKGROUND:; Salvianolic acid B (SA-B), one of water
soluble compounds derived from Radix salviae miltiorrhizae,
had good action against liver fibrosis of patients with chro-
nic hepatitis. Hepatic stellate cells (HSCs) is the cellular re-
source for liver fibrogenesis, while transforming growth
factor-pB1l (TGF-B1) is most potent fibrogenic factor. In
this study we investigated the mechanism of SA-B action
against liver fibrosis relating to the interference with TGF-
Bl signaling at HSC.

METHODS: Hepatic stellate cells (HSCs) were isolated,
cultured, and incubated with SA-B. The TGF-31 content
in the supernatant of subcultured HSCs was assayed with
ELISA. Type I collagen and Smad3 protein in TGF-[31-sti-
mulated primarily cultured HSCs for 4 days were detected
by Western blot.

RESULTS: TGF-B1 secreted in activated HSCs was more
than in primary HSCs, and SA-B significantly decreased
TGF-p1 secretion in activated HSCs. TGF-1 increased the
expression of type I collagen and Smad3 protein in d4 pri-
mary HSCs, while SA-B inhibited their expression.

CONCLUSIONS : SA-B inhibits TGF-f31 secretion in activa-
ted HSCs and counteracts the expression of TGF-f31 stimu-
lated type I collagen and Smad3. These actions are associat-
ed with the effect of SA-B on liver fibrosis.
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Introduction

epatic fibrosis is a reversible wounding-healing
H response that occurs in almost patients with
chronic liver injury, which ultimately leads to
cirrhosis. [1-2] Although the causes of liver fibrosis are
multiple and include congenital, metabolic, inflammato-
ry and toxic factors, the pathological features and under-
lying mechanisms are similar. Liver fibrosis is characte-
rized by the increased expression and over deposition of
extracellular matrix (ECM) in the liver, > hepatic
stellate cells (HSCs) are crucial producer of ECM in the
liver, and transforming growth factor-gl1 (TGE-f1) is
one of the most potent fibrogenic cytokines. TGF-BI1,
oxidative stress and other factors activate HSCs.[6-9]
Once HSC is activated, it transdifferentiates into myofi-
broblast like cells, increases cell proliferation and ECM
production, and down-regulates matrix metalloprotei-
nases ( MMP) activity through improving the expression
of tissue inhibitor of metalloproteinases ( TIMP) and pla-
sminogen activator inhibitor-1 ( PAI-1)/1%13) by which
ECM production surpasses the degradation and results in
fibrosis. TGF-3 stimulates HSC activation by both auto-
crince and paracrine pathways, ™) and it is known that
this function is exerted through Smads molecules signal
transductions.| ">} Inhibition of TGF-B function and
HSC activation has been regarded as an important target
for the development of antifibrotic strategies.[ 1619
Salvianolic acid B (SA-B), one of water soluble
ingredients from Radix salviae miltiorrhizae. In our pre-
viously clinical trial, SA-B was found to have a good ac-
tion against liver fibrosis.[20] Therefore, in this study,
we investigated the mechanism of SA-B antifibrotic ac-
tion relating to TGF-1 secretion in activated HSCs and
TGF-l signaling in primary HSCs.

Methods

Animals

Male Wistar rats, SPF grade, weighing 550 g, were
purchased from the Animal Center of Shanghai Universi-
ty of Traditional Chinese Medicine, and used for isola-
tion of HSCs.
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Reagents

Pronase E, collagenase IV, DNase, Nycodenz and
type 1 collagen were purchased from Sigma Co., USA,
Medium 199 (M199) from Gibco Co., USA, TGEF-B1
kit with anti-mouse TGF-Bl from R& D Co., USA,
Tween-20 from Bio-Rad Co., USA, and Rabbit anti-
mouse Smad3 from ZYMED Laboratoris Inc., USA.
Rabbit antibody against mouse type 1 collagen was pur-
chased from CalBiochem Co., USA.

Drugs

SA-B was obtained from the Shanghai Medical Re-
search Institute, Chinese Academy of Science, Shang-
hai, China. The purity of SA-B was 80%, molecular
weight 718, and molecular formula C;,H,,O,,. SA-B

was diluted to 10 pmol/L with M199 containing 0. 5%
NBS. TGF-l was purchased from R& D Co., USA,
diluted to 100 pmol/L with M 199 containing 0.5%
NBS.

HSCs isolation and culture

Primary rat HSCs were isolated through in situ per-
fusion of the liver with pronase E and collagenase, and
gradient centrifugation with Nycodenz, as described pre-

Viously.[21 ]

ELISA assay for TGF-f31 secretion in HSCs

After 4-day culture, primary HSCs were divided
into 2 groups; SA-B and control. Primary HSCs were
washed twice with serum free-M199, and then incuba-
ted in M199/0.5% NBS or 10 ymol/L of SA-B for 24
hours. The supernatant was collected, and the TGF-[31
amount was assayed according to the kit instruction.

Western blot

After culture for 4 days, primary HSCs were divid-
ed into 3 groups; normal, control and SA-B treated.
They were incubated in 0.5% NBS/M199, 100 pmol
TGF-1, or 100 pmol TGF-B1/SA-B respectively for
24 hours. Fractions of cytoplasmic and nuclear proteins
were collected by low-salt buffer or high-salt buffer re-
spectively. Cell lysates were separated by SDS-PAGE,
transferred onto nitrocellulose, and immunoblotted with
antibody.

Results

Freshly isolated HSCs were round, and rich in retinol,
with a viability of 95% and a purity of 90%. HSCs
demonstrated an oval shape 24 hours later, and enlarged
as the time prolonged. On day 7 the cells had few reti-
nol and turned to be of myofibroblast-like phenotype.
On day 4 they were of intermediate phenotype.

Effect of SA-B on TGF-fl secretion of HSCs
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In primary HSCs, the content of TGF-1 in the
supernatant was 44.7 +16.7 pg/ml, and after SA-B
treatment it was 36.2+10.1 pg/ml (¢=1.23, P>
0.05). In the activated HSCs subcultured, the secretion
of TGF-B1 was increased more significantly in the super-
natant than in primary HSCs, but decreased significantly
after incubation with SA-B ( Table 1).

Effect of TGF-1 on type I collagen expression and
SA-B intervention

Type I collagen expression level was increased
markedly after TGF-31 stimulation, but decreased sig-
nificantly after SA-B treatment. The results indicated
that TGF-Bl stimulated the expression of type 1 colla-

Table 1. Effect of SA-B on TGF-fl secretion in activated HSCs
(mean £S1D)

Group n TGF-B! (pg/ml)

Primary HSC 6 39.51+16.0

Subcultured HSC 6 84.5+30.9*

SA-D treated 6 47.9£24.1%

a: Vs primary HSCs, P <0.05; b: vs subcultured HSCs, P <

0.05.

Table 2. Effect of SA-B on expression of type I collagen and
Smad3 in HSCs (OD, n =3, mean£SD)

Smad3
Group Type I collagen

Cytoplasm Nucleus
Normal 39.1+4.4 17.9+1.8 8.320.8
Control 52.6+4.1% 24.3+1.9  20.2+4.272
SA-B treated 38.3+3.5° 19.3£2.8  12.9+1.1P

a: vs normal, P <0.05; b: vs control, P <0.05.
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Fig. 1. Effect of TGF-RI1 on type I collagen expression and SA-B
intervention. Lane 1: normal; Lane 2: control (100 pmol/L
TGF-B1 stimulated); Lane 3; SA-B treated.
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Fig. 2. Effect of SA-B on expression of TGF-1 stimulated cyto-
plasm and nucleus Smad3 in HSCs. Lane 1: normal; Lane 2;:
control (100 pmol/L TGF-Bl stimulated ); Lane 3: SA-B treat-
ed.
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gen, while SA-B antagonized this effect (Fig. 1 and
Table 2).

Effect of TGF-1 on Smad3 protein expression and
SA-B intervention

The expression level of Smad3 in cytoplasm and
nucleus increased evidently after TGF-B1 stimulation,
but reduced obviously after SA-B addition. This indica-
ted that SA-B inhibited TGF-f! stimulated Smad3 pro-
tein expression and its nuclear translocation, and inter-
vened with TGF-1 signaling in HSCs (Fig. 2 and Ta-
ble 2.)

Discussion

After liver injuries, HSCs activate and transform into
myofibroblasts phenotypically, functionally with extra-
cellular matrix overproduction and deposition in the liv-
er, resulting in liver fibrosis. TGF-f1 is one of the most
important cytokines that activate HSCs through paracrine
and autocrine pathways, ') and the inhibition of TGE-
Bl function in HSCs has been regarded as a primary tar-
get for the development of antifibrotic strategies. 2]

It has been proved that HSCs could activate sponta-
neously in vitro and at different stages respond to TGF-
Bl differently, whereas primary HSCs of intermediate
phenotype are most sensitive to TGF- [31.“5’2SJ There-
fore, HSCs cultured for 4 days or at their intermediate
activation stage are used as a cell model.[®) In ECM
components in which activation is induced by HSCs,
type I collagen is predominant. In this study, the con-
tent of TGF-B1 in the activated HSCs supernatant was
increased significantly than in primary HSCs, indicating
that activated HSCs could autocrine TGF-(31. More-
over, SA-B suppressed TGF-Bl secretion in activated
HSCs, and also inhibited the expression of TGF-31
stimulated type I collagen. These results suggest that SA-
B inhibits HSC-activated functions.

It was well understood that TGF-{ signaling exists
outside and inside cell [**?3! and its signaling features in
HSCs have also been elucidated. [1>-%+%) Smads as the
special molecules for TGF-f intracellular signaling could
move into the nucleus and regulate responsive gene ex-
pression when TGF-[3 receptor binds with ligands and
phosphorylation. The family of Smads includes 3 distinct
types; receptor-activated Smads ( Smad2, 3), common-
partner Smads ( Smad4 ), and inhibitory Smads (Smad7).
Smad3 is considered important for mediating TGF-{31
signaling effect of collagen production in HSCs.l13:27-%]
We have found that Smad3 phosphorylation levels are
parallel to the TGF-f1 stimulated HSCs activation and
al(1) collagen mRINA expression.['>-3) Others proved
that the maximal expression of collagen type I in activa-
ted HSCs requires Smad3 in vivo and in culture with

Smad3 lockout mice.!?7’
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We found that TGF-@1 slightly increased the ex-
pression of cytoplasmic Smad3, but markedly increased
the nuclear Smad3 levels in HSCs. This indicates that
TGF-B1 stimulates Smad3 phosphorylation and nuclear
translocation, causing HSCs responses like increase of
collagen production. SA-B suppresses Smad3 expres-
sion, while lowering its nuclear levels in particular. SA-
B could inhibit TGF-31 intracellular signaling in HSCs.
The inhibition of TGEF-B1 secretion and its intercellular
signaling through down-regulation of Smad3 nuclear
translocation at HSCs are the main mechanisms of SA-B
actions against liver fibrosis.

Acknowledgement

We are grateful to Hong-Ping Xuan and Yan-Yan Tao at Shanghai
University of Traditional Chinese Medicine for manuscript prepara-
tion.

Competing interest

No benefits in any form have been received or will be received
from a commercial party related directly or indirectly to the subject
of this article.

References

1 Madro A, Slomka M, Celinski K, Chibowski 12, Czechowska
G, Kleinrok Z, et al. The influence of interferon alpha on the
rat liver injured by chronic administration of carbon tetrachlo-
ride. Ann Univ Mariae Curie Sklodowska 2002 ;57 :55-60.

2 Nakaji M, Hayashi Y, Ninomiya T, Yano Y, Yoon S, Seo
Y, et al. Histological grading and staging in chronic hepatitis
its practical correlation. Pathol Int 2002 ;52 :683-690.

3 Giannelli G, Quaranta V, Antonaci S. Tissue remodelling in
liver diseases. Histol Histopathol 2003 ;18 :1267-1274.

4 Yang C, Zeisberg M, Mosterman B, Sudhakar A, Yerramalla

U, Holthaus K, et al. Liver fibrosis: insights into migration of

hepatic stellate cells in response to extracellular matrix and

growth factors. Gastroenterology 2003 ;124 ;147-159.

Benyon RC, Arthur MJ. Extracellular matrix degradation and

the role of hepatic stellate cells. Semin Liver 1is 2001 ;21:373-

384.

6 Liu C, Liu P, Hu YY, Zhu DY. Effects of salvianolic acid-B
on TGF-beta 1 stimulated hepatic stellate cell activation and its
intracellular signaling. Chin ] Med 2002;82:1267-1272.

7 DPietrangelo A. Iron-induced oxidant stress in alcoholic liver fi-
brogenesis. Alcohol 2003 ;30.:121-129.

8 Segawa M, Kayano K, Sakaguchi E, Okamoto M, Sakaida I,
Okita K. Antioxidant, N-acetyl-L-cysteine inhibits the expres-
sion of the collagen alpha 2(1) promoter in the activated human
hepatic stellate cell line in the absence as well as the presence of
transforming growth factor-beta. Hepatol Res 2002 ;24 :305.

9 Lee KS, Lee §J, Park HJ, Chung JP, Han KH, Chon CY, et
al. Oxidative stress effect on the activation of hepatic stellate
cells. Yonsei Med J 2001 ;42;1-8.

10 Liu CH, Hu YY, Liu P, Liu C. Transforming growth Bl and
liver fibrosis. Chin J Hepatol 1996 ;4 :51-54.

Ut

« www.hbpdint.com



Effect of salvianolic acid B on Smad3 expression in hepatic stellate cells

11

12

13

14

15

16

17

18

19

20

Leyland H, Gentry J, Arthur MJ, Benyon RC. The plasmino-
gen-activating system in hepatic stellate cells. Hepatology 1996 ;
24 .1172-1178.

Chen P, Zhai W, Zhang Y, Zhang J, Gu Y. Effects of hy-
poxia on expression and activity of matrix metalloproteinase-2
in hepatic stellate cell. Chin J Hepatol 2000 ;8 :276-278.
Benyon RC, Arthur MJ. Extracellular matrix degradation and
the role of hepatic stellate cells. Semin Liver Dis 2001 ;21 :373-
384.

Roth S, Michel K, Gressner AM. Transforming growth factor-
beta in liver arenchymal cells, its injury-dependent release and
paracrine effects on hepatic stellate cells. Hepatology 1998;27;
1003-1012.

Liu CH, Gaca MDD, Swenson ES, Vellucci VF, Reiss M,
Wells RG. Smads 2 and 3 are differentially activated by TGF-B
in quiescent and activated hepatic stellate cells: constitutive nu-
clear localization of Smads in activated cells is TGF-B indepen-
dent. ] Biol Chem 2003;278:11721-11728.

Yata Y, Gotwals P, Koteliansky V, Rockey DC. Dose-de-
pendent inhibition of hepatic fibrosis in mice by a TGF-beta
soluble receptor; implications for antifibrotic therapy. Hepato-
logy 2002 ;35 :1022-1030.

Yao XX, Tang YW, Yao DM, Xiu HM. Effects of Yigan
Decoction on proliferation and apoptosis of hepatic stellate cells.
World J Gastroenterol 2002;8:511-514.

Yang L, Chen 1D, Zhang 7, Qiang O. Inhibition of the acti-
vation and collagen production of cultured rat hepatic stellate
cells by antisense oligonucleotides against transforming growth
factor-beta 1. Hua Xi Yi Ke Da Xue Xue Bao 2000;31;42-
45.

George ], Roulot D, Koteliansky VE, Bissell DM. In vivo in-
hibition of rat stellate cell activation by soluble transforming
growth factor beta type II receptor; a potential new therapy for
hepatic fibrosis. Proc Natl Acad Sci USA 1999; 96 12719-
12724.

Liu P, Hu YY, Liu C, Liu CH, Xu LM. Clinical observation
of salvianolic acid B in treatment of liver fibrosis in chronic he-
patitis B. World J Gastroenterol 2002 ;8 ;679-685.

Hepatobiliary Pancreat Dis Int, Vol 3, No 1

21

22

23

24

26

27

28

29

30

Alpini G, Aragona E, Dabeva M, Salvi R, Shafritz DA,
Tavoloni N. Distribution of albumin and alpha-fetoprotein
mRNA in normal, hyperplatic and preneoplastic rat liver. Am J
Pathol 1992;141:623-632.

Bissell DM. Hepatic fibrosis as wound repair: a progress re-
port. J Gastroenterol 1998;33:295.

Dooley SB, Delvoux B, Lahme B, Mangasser-Stephan K,
Gressner AM. Modulation of transforming growth factor 1
response and signaling during transdifferentiation of rat hepatic
stellate cells to myofibroblasts. Hepatology 2000; 31 1094-
1106.

Derynck R, Zhang Y, Feng XH. Smads; transcriptional acti-
vators of TGF-[3 responses. Cell 1998 ;956:737-740.

Massague J. TGF-PB signal transcription. An Rev Biochem
1998 ;67 :753-791.

Zhao JF, Liu C, Liu CH. Cytoplasmic signaling of transform-
ing growth factor B and Smads protein. Chin J Pathol Physiol
2002;18:321-325.

Schnabl B, Kweon YO, Frederick JP. The role of Smad3 in
mediating mouse hepatic stellate cell activation. Hepatology
2001 ;34 :89-100.

Inagaki Y, Nemoto T, Nakao A, Dijke PT, Kobayashi K,
Takehara K, et al. Interaction between GC box binding factors
and Smad proteins modulates cell lineage-specific alpha 2(I)
collagen gene transcription. J Biol Chem 2001;276:; 16573-
16579.

Furukawa F, Matsuzaki K, Mori S, Tahashi Y, Yoshida K,
Sugano Y, et al. p38 MAPK mediates fibrogenic signal through
Smad3 phosphorylation in rat myofibroblasts. Hepatology 2003 ;
38:879-889.

Inagaki Y, Mamura M, Kanamaru Y, Greenwel P, Nemoto
T, Takehara K, et al. Constitutive phosphorylation and nuclear
localization of Smad3 are correlated with increased collagen gene
transcription in activated hepatic stellate cells. J Cell Physiol
20013187 :117-123.

Received February 12, 2003
Accepted after revision November 3, 2003

February 15, 2004 - www.hbpdint.com - 105



