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Ginsenoside Rg1 Inhibits Tumor Necrosis Factor-a
(TNF-a)-Induced Human Arterial Smooth
Muscle Cells (HASMCs) Proliferation

Hong-Sheng Zhang and Sheng-Qi Wang*
Beijing Institute of Radiation Medicine, Haidian District, Beijing 100850, People’s Republic of China

Abstract In China, the ginseng root began to be used in medicine over 2000 years ago. Ginsenosides are the most
important component isolated from ginseng. The aim of this study was to determine the effects of ginsenoside Rg1 on the
proliferation and molecular mechanism in cultured human arterial vascular smooth muscle cell (HASMC) induced by
tumor necrosis factor-a (TNF-0). It was shown that ginsenoside Rg1 significantly inhibited TNF-o-induced HASMC
proliferation in a dose-dependent manner. Treatment with ginsenoside Rg1, which blocked the cell cycle in the G1-phase,
induced a downregulation of cyclin D1 and an upregulation in the expression of p53, p21WAY<"! ‘and p274'"'. MEK
inhibitors PD98059, U0126, and phosphatidylinositol 3-kinase (PI3K) inhibitor wortmannin, but not p38-inhibitor
SB203580 or JNK-inhibitor SP600125 significantly aggravated ginsenoside Rgl-inhibited HASMC proliferation.
Ginsenoside Rg1 markedly inactivated the extracellular signal-regulated kinases (ERK1/2) and protein kinase B (PKB),
indicating that the inhibition of ginsenoside Rgl on HASMC proliferation was associated with ERK and PI3K/PKB
pathways. The inactivation of ERK and PI3K/PKB pathways and modulation of cell-cycle proteins by ginsenoside Rg1 may
be of importance in inhibition of HASMCs proliferation. J. Cell. Biochem. 98: 1471-1481, 2006.  © 2006 Wiley-Liss, Inc.
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The proliferation of vascular smooth muscle
cells (VSMCs) is a key event in the development
of advanced lesions associated with athero-
sclerosis [Ross, 1995]. The abnormal growth of
VSMC also plays an important role in vascular
diseases, including atherosclerosis, restenosis
after angioplasty [Ross, 1995]. VSMC is the
principal cell type in both atherosclerotic and
restenotic lesions [Ross and Glomset, 1973].Ina
normal artery, the VSMC are in a non-prolif-
erative quiescent state and show a well-differ-
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entiated contractile phenotype. After the
vascular injury, there is a loss of differentiated
phenotype and a shift to a synthetic phenotype,
which is also accompanied by entry into the
cell cycle and proliferation [Owens et al., 2004].
Vascular lesions form during a number of patho-
logical processes, which involve the accumula-
tion of inflammatory cells and the release of
cytokine. The cytokine tumor necrosis factor-o
(TNF-o) is secreted by VSMC in the neointima
after balloon-injury as well as by macrophages
in atherosclerotic lesions [Barath et al., 1990;
Ohta et al., 2005]. It has previously been shown
that TNF-o induces an increase in DNA synth-
esis and activation of extracellular signal-
regulated kinases (ERK1/2) in VSMC [Goetze
et al., 1999, 2001]. A recent study reported that
TNF-o may also play an important role in cell-
cycle regulation in VSMC [Moon et al., 2003].
The proliferation of VSMC induced by TNF-a
is involved in the mitogen-activated protein
kinases (MAPKs) pathway and phosphatidyli-
nositol 3-kinase (PI3K)/protein kinase B (PKB)
pathway. MAPKs pathway, including ERK1/2,
c-Jun N-terminal protein kinase (JNK), and p38
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MAP kinase [Chang and Karin, 2001], as well as
PI3K/PKB pathway, regulates cellular pro-
cesses of inflammation, proliferation, differen-
tiation, apoptosis, and survival [Widmann et al.,
1999]. In arterial media, VSMC are normally
quiescent, proliferation at low indices (<0.05%),
and remain in the GO/G1-phase of the cell cycle.
After injury to the vessel, SMC migrate into the
intimal layer of the arterial wall, where they
leave their quiescent state and re-enter the cell
cycle [Dzau et al., 2002]. P21VAY/CIPL (hereafter
termed p21) and p27¥F! (hereafter termed p27)
belong to the cip/kip family of cyclin-dependent
kinase (CDK) inhibitors (CKIs), and have
extensively characterized as negative regula-
tors of Gl-phase cell-cycle progression [Yew,
2001]. P21 and p27 are found in complexes
comprised of CDKs and their cyclin-activating
partners, and inhibit their catalytic activities
[Braun-Dullaeus et al., 1998]. Antimitogenic
signals activate p53, which induces expression
of p21 and consequently inhibits the activity of
the G1 cyclin—CDK complexes, resulting in G1-
phase arrest [Levine, 1997].

Ginsenoside Rgl (Fig. 1) is one of the active
ingredients of a Chinese herbal medicine (gin-
seng). Ginseng is a key component in traditional
Chinese medicine and is also one of the most
extensively used botanical products in the West
[Gillis, 1997]. Panax ginseng and its main active
component, ginsenosides, exhibit a variety of
cardiovascular actions [Chen, 1996], including
an antihypertensive effect [Chen, 1996], protec-

Fig. 1. Chemical structure of ginsenoside Rg1.

tion against ischemical reperfusion injury
[Zhan et al., 1994], a negative chronotropic
effect [Wu and Chen, 1988], a negative inotropic
effect [Wu and Chen, 1988], and a vasorelax-
ing effect [Chen et al., 1984]. In this study, there
is considerable interest in defining the effects of
ginsenoside Rgl on MAPK, PI3K pathway, and
cellular events from the G1-to S-phases, includ-
ing p21, p27, p53, and cyclin D1 protein and
gene expression in cultured human arterial
smooth muscle cells (HASMCs) induced by
TNF-o.

MATERIALS AND METHODS
Materials

Ginsenoside Rgl (purity >99%) was pur-
chased from the Chinese National Institute for
the Control of Pharmaceutical and Biological
Products (Beijing, China). Ginsenoside Rgl was
dissolved in serum-free culture media. Recom-
binant human TNF-a was obtained from Sigma.
The Reverse Transcription System, the CellTi-
ter 96" Aqueous One Solution Cell Proliferation
Assay (MTS), the PCR system were purchased
from Promega (Madison, WI). Monoclonal anti-
body to B-actin, cyclin D1, p53, p27, and phospho
ERK1/2 and polyclonal p21 antibody were pur-
chased from Santa-Cruz Biotechnology (Santa
Cruz, CA), polyclonal antibody to phospho PKB
(Thr 308), and total PKB were from Genex.
Wortmannin, PD98059, U0126, SP600125, and
SB203580 were purchased from Calbiochem
(San Diego, CA).

Cell Cultures

HASMCs, medium 231, and SMC growth
supplement were purchased from Cascade
Biologics. HASMCs were grown in 231 medium
with growth supplement at 37°C in a humidified
95% air/5% CO, atmosphere. Cells were used at
passages 3 through 8. Subconfluent cells were
serum-starved for 24 h and used for the experi-
ments. For all experiments, HASMCs were
grown to 80—90% confluence and made quies-
cent by starvation for at least 24 h. Ginsenoside
Rgl, wortmannin, PD98059, U0126, SP600125,
or SB203580 was given 30 min before treatment
with TNF-a.

Cell Proliferation Assays

Cell proliferation was measured with a Cell
Titer 96 (Promega) colorimetric assay, utilizing
an MTS tetrazolium compound, as per the
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manufacturer’s instructions. Assays were per-
formed by adding [3-(4,5-dimethylthiazol-2-yl]-
5-(3-carbo-xymethoxyphenyl)-2-(4-sulfenyl)-
2H-tetrazolium] (MTS) directly to the culture
wells, incubating them for 2 h, and then
recording the absorbance at 490 nm with a 96-
well plate spectrophotometric reader (Dynatech
MR600). Results were expressed as the percent
changes from basal conditions using 4—6 cul-
ture wells for each experimental condition.

Cell-Cycle Analysis

Cells were harvested and fixed in 70% ethanol
and stored at —20°C. They were then washed
twice with ice-cold phospho-buffered saline
(PBS) and incubated with 20 ng/ml RNase and
200 pg/ml DNA intercalating dye propidium
iodide at room temperature for 30 min in the
dark, cells were analyzed by a fluorescent
activated cell sorter (FACS) can (Becton Dick-
inson, San Jose, CA, USA) using Cell Quest
software (Becton Dickinson).

RNA Isolation and Reverse
Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was isolated from HASMC cells
using the Trizol Reagent (Invitrogen) and
quantified by UV absorption at 260 and 280 nm.
Two micrograms of total RNA was reverse-
transcribed at the following conditions: 50 mM
Tris acetate (pH 8.4), 75 mM potassium acetate,
8 mM magnesium acetate, 1l mM dNTP mix, 15U
of avian RNase H-minus reverse transcriptase,
40 U of RNasin, 2.5 uM oligo d(T) primers in a
final volume of 20 pl. The reaction was run at
65°C for 5 min and 50°C for 40 min, and then the
enzyme was heat-inactivated at 85°C for 5 min.
Reaction product (2 ul) was used for PCR
reaction. PCR conditions were: 20 mM Tris-Cl
(pH 8.4), 50 mM KCl, 1.5 mM MgCls,, 0.25 mM
dNTPs, 1 U Tag DNA polymerase, and 0.4 uM
(final concentration) primers in 20 pul of total
volume. The following primers with the predicted
size were used for ampication: p21 (123 bp): 5'-
CTG CCC AAG CTC TAC CTT CC-3; 5'-CAG
GTC CAC ATG GTC TTC CT-3’; Cyclin D (402
bp): 5-ACC TGG ATG CTG GAG GTCTG-3'; 5'-
GAA CTT CACATCTGT GGC ACA-3'; GAPDH
(306 bp): 5'-CGG AGT CAACGGATTTGGTCG
TAT-3’; 5-AGC CTT CTC CAT GGT GGT GAA
GAC-3'; pb3 (297 bp): 5-TCT GTC CCT TCC
CAG AAA ACC-3; 5-TTG GGC AGT GCT CGC
TTA GTG CTC C-3'; p27 (261 bp): 5-TGG AGA

AGC ACT GCA GAG AC-3; 5-GCG TGT CCT
CAG AGT TAG CC-3'.

The PCR profile included an initial denatura-
tion at 94°C for 5 min, followed by cycles of 94°C
for 30 s, 53—58°C (depending on the primer set)
for 30 s, and 72°C for 30 s, and a final extension
of 5 min at 72°C. Amplification products were
visualized on 1.5% agarose gel and visualized
by ethidium bromide staining. The optimum
number of cycles was determined experimen-
tally for each gene product, and to verify uni-
form amplification.

Western Immunoblotting

Cells were lysed in 50 mmol/L Tris-HCl-
150 mmol/LL NaCl, pH 7.5, buffer containing
1% Nonidet P40, 0.5% sodium deoxycholate,
100 mmol/L NaF, 2 mmol/L NazVO,, 10 mmol/L
phenylmethylsulfonylfluoride, 500 umol/L 4-(2-
aminoethyl)-benzenesulfonylfluoride, 150 nmol/
L aprotinin, and 1 pmol/L leupeptin. Protein
concentrations were measured with the Bio-
Rad Protein Assay. Equivalent amounts of
protein were electrophoresed in 8—12% sodium
dodecyl sulfate denaturing polyacrylamide slab
gels. After transfer to nitrocellulose mem-
branes, bands were visualized by reaction with
primary antibody. In brief, membranes were
blocked in 5% bovine serum albumin and probed
with primary antibody for 1 h at room tempera-
ture. After secondary incubation in horseradish
peroxidase-conjugated goat anti-mouse or goat-
antirabbit IgG antibody (1:2,500) (Santa Cruz),
the immunocomplexes were visualized with an
enhanced chemiluminescence kit (ECL) from
Pierce. Bands corresponding to different pro-
teins were quantified by scanning of photo-
graphs and then digitalized and analyzed with
the Adobe Photoshop CS.

Statistical Analysis

Data were presented as mean + SEM from at
least three independent experiments. Statisti-
cal differences were determined using a Stu-
dent’s ¢-test (P < 0.05).

RESULTS
Ginsenoside Rg1 Inhibits HASMC Proliferation

In initial experiments, we investigated the
effect of ginsenoside Rgl on HASMC prolifera-
tion in response to TNF-a (10 ng/ml). TNF-o
stimulated the proliferation of HASMC, as
measured by CellTiter 96 Cell Proliferation
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Assay, and the proliferation was significantly
inhibited by ginsenoside Rgl in a dose-depen-
dent manner. Treatment with ginsenoside Rgl
resulted in a reduction in numbers of cells at
levelsof0.1,1, and 10 uM, respectively (Fig. 2A).
While ginsenoside Rgl alone had no effect on
proliferation of HASMCs (Fig. 2B).

Ginsenoside Rg1 Induces HASMC
G1 Cell-Cycle Arrest

To determine the phase of the cell cycle at
which ginsenoside Rg1 exerts its growth-inhibi-
tory effect, TNF-a-treated HASMCs were trea-
ted with different concentrations of ginsenoside
Rgl for 24 h and analyzed by flow cytometry
(Fig. 3). G1 arrest was apparent after treatment
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with 0.1 uM ginsenoside Rgl (72%) and increa-
sed to 84% in the presence of 10 uM ginsenoside
Rgl. Ginsenoside Rgl alone had no effect.

P27, p21, p53 Protein, and mRNA Levels Are
Elevated and Cyclin D1 Protein and mRNA
Levels Are Reduced Following
Ginsenoside Rg1 Treatment

As p27, p21, p53, and cyclin D1 levels were a
potential mediator of G1/S arrest, we evaluated
its expression in the treated and untreated
HASMCs. As shown in Figure 4A, p27, p21,
p53 mRNA levels are elevated after 12 h of treat-
ment with ginsenoside Rg1 in a dose-dependent
manner; by contrast, cyclin D1 mRNA levels are
reduced under similar experimental conditions.
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Fig. 2. Effect of on HASMC proliferation induced by TNF-a.. Arrested HASMC were st|mulated with 0.01,

0.1, 1, 10 pM ginsenoside Rg1 (Rg1) for 30 min before treatment with (A) or without (B

) 10 ng/ml TNF-a

during 24 h. Control group was not treated with TNF-o. and ginsenoside Rg1. HASMC proliferation was
assayed by CellTiter 96 Cell Proliferation Assay. Results are expressed as percents of control. Each bar
represents the mean + SEM for four experiments. C indicates control. *significantly different from TNF-a

alone, P<0.05; **P<0.01.
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Fig. 3. Ginsenoside Rgl induces G1 cell-cycle arrest in VSMC. A: Representative results of FACS
measurements to determine the cell-cycle stages of HASMC. HASMC were incubated in serum-free medium
for 24 hto induce quiescence, followed by the addition of TNF-a. (10 ng/ml) or TNF-a after treatment with 0.1,
1, 10 uM ginsenoside Rg1 for 30 min, and cultured for an additional 24 h, followed by FACS analysis as
described under Materials and Methods. B: Data indicate the percentage of cells in each phase of the cell
cycle. The figure is representative of at least three experiments with similar results.

An immunoblot analysis revealed that ginseno-
side Rgl treatment of the TNF-a-induced
HASMC resulted in the significantly dose-
dependent induction of p27, p21, p53 protein
levels compared with the basal levels (Fig. 4B).
Under similar experimental conditions, the levels
of expression of cyclin D1 levels were reduced in
a dose-dependent manner. While ginsenoside
Rg1 alone did not affect on the levels of cell-
cycle-related proteins.

ERK1/2, PI3K, but not p38 MAPK and JNK
Inhibitors Potentiated Ginsenoside Rg1-Inhibted
HASMC Proliferation

To better understand the molecular mecha-
nisms involved in ginsenoside Rgl-inhibted
HASMC proliferation, we investigated the pos-
sible involvement of MAPKs and PI3K signal-

ing pathways. To determine whether ERK1/2,
p38, JNK, or PIBK/PKB signaling pathway is
involved in ginsenoside Rgl-inhibted HASMC
proliferation, cells were treated with MEK1
inhibitors PD98059 and U0126, p38 inhibitor
SB203580, JNK inhibitor SP600125, PI3K
inhibitor wortmannin for 30 min before and
for the duration of the stimulation, and prolif-
eration assays were performed with the use
of the CellTiter 96 Cell Proliferation Assay.
PD98059, U0126, and wortmannin potentiated,
in a dose-dependent manner, ginsenoside Rgl-
stimulated inhibition of HASMCs proliferation
(Fig. 5). Under similar experimental conditions,
the p38 inhibitor SB203580 (10 uM) and the
JNK inhibitor SP600125 (10 pM) did not modify
the effects of ginsenoside Rgl on TNF-a-treated
HASMCs.
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Fig. 4. Effect of ginsenoside Rgl on G1 cell-cycle regulator
cyclin D1, p27, p21, p53 mRNA, and protein levels. A: HASMC
were stimulated with 0.1, 1, 10 pM ginsenoside Rg1 for 30 min
before treatment with TNF-o (10 ng/ml) or 10 pM ginsenoside
Rgl for 12 h. Total RNA was harvested and RT-PCR was
performed and products were resolved by gel electrophoresis.
RT-PCR products were normalized to GAPDH products. The
intensity of PCR product bands shown were quantitated by
scanning densitometry. Data are representative of at least three

Ginsenoside Rg1 Inhibits TNF-a-Induced
HASMC Proliferation Through ERK1/2
and PI3K/PKB Pathway

The previously experimental findings promp-
ted us to further define whether ginsenoside Rg1
inhibits two major signaling cascades such as
ERK1/2 and PI3K pathways. To address this
issue, the cell lysates were probed for ERK1/2
and PKB, a downstream substrate of PI3K, pro-
tein levels of their phosphorylation forms. Wes-
tern blot analysis showed that increased ERK1/2
and PKB phosphorylation in HASMCs treated
with 10 ng/ml was detected after 5 min, with maxi-

independent experiments. B: HASMC were stimulated with 0.1,
1, 10 uM ginsenoside Rg1 for 30 min before treatment with TNF-a
(10 ng/ml) or 10 pM ginsenoside Rg1 for 24 h. Cell lysates
containing equal amounts of protein were subjected to Western
blot analyses with antibodies specific for cyclin D1, p27, p21,
and p53. The results of representative experiments were
normalized to B-actin expression. The intensity of Western blot-
ting bands shown was quantitated by scanning densitometry.
Data are representative of at least three independent experiments.

mal increase occurring after 30 min of treatment
and decreasing after 1 h (Fig. 6A). ERK1/2 and
PKB phosphorylation levels were inhibited by
ginsenoside Rgl in a dose-dependent manner
following treated with TNF-o for 30 min, while
ginsenoside Rgl alone had no effect (Fig. 6B).

Effect of Wortmannin, PD98059, or U0126 on
p27, p21, p53 Protein and mRNA Levels Are
Elevated and Cyclin D1 Protein and mRNA
Levels Are Reduced Following Ginsenoside
Rg1 Treatment

The following experiments were aimed
at understanding whether PI3SK or ERK
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Fig. 5. Involvement of ERK, p38 MAPK, JNK, and PI3K on the
effect of ginsenoside Rg1 on proliferation of HASMC prolifera-
tion. Arrested HASMC were stimulated with 10 uM ginsenoside
Rg1 (Rg1) for 30 min before treatment with 10 ng/ml TNF-a for 24 h,
in the absence or presence of (A) 0.5, 5, 50 pM PD98059, 0.1, 1,
10 uM UO126; (B) 1, 10, 100 nM wotmannin, 10 uM SP600125

signaling pathway was involved in ginseno-
side Rgl-induced changing in protein levels
related to G1/S arrest. As shown in Figure 7,
in the presence of wortmannin, PD98059 or
U0126, the protein (Fig. 7B) and mRNA
(Fig. 7A) levels of p27, p21, p53 were elevated
compared with ginsenoside Rgl and TNF-a
or inhibitors and TNF-a or inhibitors alone;
bycontrast, the protein (Fig. 7B) and mRNA
(Fig. 7A) levels of cyclin D1 were decreas-
ed compared with ginsenoside Rgl and
TNF-a or inhibitors and TNF-a or inhibitors
alone.

and 10 pM SB203580, introduction 30 min before TNF-a. Cell
proliferation was measured using CellTiter 96 Cell Proliferation
Assay. Results are expressed as percents of control. Each bar
represents the mean & SEM for six experiments. *Significantly
different from TNF-o alone, P < 0.05; **P < 0.01. #Significantly
different from TNF-a. plus ginsenoside Rg1, P< 0.05; ##, P< 0.01.

DISCUSSION

VSMC proliferation and migration induced
by various growth factors can develop a variety
of pathological processes including atheroscle-
rosis, hypertension, and restenosis after balloon
angioplasty [Ross, 1999]. Inhibition of VSMC
proliferation represents a potentially important
therapeutic strategy for the treatment of dis-
eases such as atherosclerosis and restenosis
[Dzau et al., 2002]. Panax ginseng has long been
used in Traditional Chinese Medicine. It has
a broad spectrum of physiological activities
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Fig. 6. Dose-dependent effect of ginsenoside Rg1 on ERK and analyzed by Western blot for phophorylated PKB (p-PKB), total

PKB activation. A: Time course of PKB and ERK activation in
HASMC stimulated with TNF-o. HASMC treated with 10 ng/ml
TNF-afor 5, 15, 30, 60 min. B: Arrested HASMC were stimulated
with 0.01, 0.1, 1, 10 pM ginsenoside Rg1 (Rg1) for 30 min before
treatment with 10 ng/ml TNF-a. or 10 pM ginsenoside Rg1 for
30 min. Cell lysates containing equal amounts of protein were

[Attele et al., 1999; Sengupta et al., 2004].
Ginsenosides are the main active components
of Panax ginseng [Jin et al., 1999]. Among these,
ginsenoside Rg1 is the most active saponin even
though it is only found in trace amounts [Nah
et al., 1995]. In our study, our data suggest that
ginsenoside Rgl significantly inhibited VSMC
proliferation induced by TNF-a. These results
indicate that ginsenoside Rgl may be a poten-
tial pharmaceutic to prevent VSMC prolifera-
tion.

The number of VSMCs was determined by a
colorimetric enzyme assay in TNF-a-stimulated
VSMC after ginsenoside Rgl treatment, indi-
cated that an inhibition of VSMC proliferation
induced by ginsenoside Rgl occurred. Our data
also showed that ginsenoside Rgl led to G1 cell-
cycle arrest, as compared with the TNF-u-
stimulated VSMC. G1 to S cell-cycle progression
is controlled by several CDK complexes, includ-
ing cyclin D1/CDK4 and cyclin E/CDK2, the
activities of which are dependent on the balance
of cyclins and CKIs, such as p27 and p21 [Sriram
and Patterson, 2001; Massagué, 2004]. The
expression or activity of cyclin D1 affects the
cell progression from Gl-to S-phase [Sherr,
1994; Lavoie et al., 1996; Massagué, 2004].
Cyclin D1 binds and activates Cdk4 (6), and
then phosphorylates its target protein, pRb;
subsequently, the release of transcription fac-
tors E2F by phosphorylation of pRb promotes
cell proliferation [Massagué, 2004]. The high

PKB, phophorylated ERK (p-ERK), and total ERK. The results of
representative experiments were normalized to B-actin expres-
sion. The intensity of Western blotting bands shown was
quantitated by scanning densitometry. Data are representative
of at least three independent experiments.

level of p21 and p27 can inhibit the cyclin D1
expression, resulting in decline of pRb phos-
phorylation [Massagué, 2004]. A number of
studies have shown that the regulation of G1
cell-cycle arrest can be attributed to a number of
cellular proteins, including p53 [Massagué,
2004]. To investigate the issue of whether
ginsenoside Rgl-induced cell growth inhibition
is due to the downregulation of cyclin D1 or the
upregulation of CKIs, we then analyzed the
expression of these cell-cycle regulators in
VSMC after ginsenoside Rgl treatment. Our
experiment indicated that treatment of VSMC
with ginsenoside Rg1 resulted in the significant
downmodulation of cyclin D1 protein and
mRNA levels. Our data also demonstrated a
significant upregulation in p53, p21, and p27, as
determined by immunoblot analysis and RT-
PCR, during the Gl-phase arrest of VSMC by
ginsenoside Rgl.

ERK has been thought to play a pivotal role in
controlling VSMC proliferation [Mii et al., 1996;
Gennaro et al., 2003]. Moreover, specific inhibi-
tion of MAPK phosphorylation markedly inhi-
bits VSMC growth in vitro. The activation of
ERK1/2 can stimulate the downstream tran-
scription gene expression, such as cyclin D1,
resulting in protein synthesis and cell prolifera-
tion [Bonni et al., 1999]. Our data suggest that
the proliferation of HASMCs induced by TNF-o
treatment was associated with an induction of
ERK activation. Ginsenoside Rgl significantly
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Fig. 7. Involvement of ERK and PI3K/PKB on the effect of product bands shown was quantitated by scanning densitometry.

ginsenoside Rg1 on G1 cell-cycle regulator cyclin D1, p27, p21,
p53 MRNA, and protein levels. Arrested HASMC were stimulated
with 10 pM ginsenoside Rg1 (Rg1) for 30 min before treatment
with 10 ng/ml TNF-acor 10 ng/ml TNF-o alone for 12 h (A) or 24 h
(B), in the absence or presence of 50 pM PD98059, 10 pM
U0126, 100 nM wotmannin, introduction 30 min before TNF-o..
A: Total RNA was harvested and RT-PCR was performed and
products were resolved by gel electrophoresis. RT-PCR products
were normalized to GAPDH products. The intensity of PCR

attenuated TNF-a-induced ERK phosphoryla-
tion. Moreover, the inhibition of this signaling
pathway, with the use of specific MEK inhibi-
tors, significantly aggravated ginsenoside Rgl-
inhibited HASMC proliferation. The PISK/PKB

Data are representative of at least three independent experi-
ments. B: Cell lysates containing equal amounts of protein were
subjected to Western blot analyses with antibodies specific for
cyclin D1, p27, p21, p53. The results of representative
experiments were normalized to p-actin expression. The
intensity of Western blotting bands shown was quantitated by
scanning densitometry. Data are representative of at least three
independent experiments.

pathway is an important mediator of cell growth
and survival in response to growth factors and
other signals [Cantley, 2002; Sears and Nevins,
2002; Vivanco and Sawyers, 2002]. PI3K acti-
vates the PKB serine/threonine kinase by
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generating specific inositol phospholipids,
which recruit PKB to the cell membrane and
enable its activation. PKB mediates cell survi-
val and growth by phosphorylating and inacti-
vating proapoptotic proteins. PKB was found to
influence cell-cycle progression of SMCs both
in vitro and in vivo. In the present study, we also
found that the PI3K/PKB pathway was invol-
vedin ginsenoside Rgl-inhibited HASMC pro-
liferation, and we demonstrated that the useofa
specific inhibitor of this pathway, wortmannin,
dramatically aggravated ginsenoside Rgl-
inhibited HASMC proliferation.

In summary, we have demonstrated for the
first time that ginsenoside Rgl significantly
inhibited proliferation on HASMC induced by
TNF-a. The antiproliferative effect is involved
in inhibition of ERK and PISK/PKB activation,
which may result in downregulation cyclin D1
levels and upregulation of p53, p21, and p27
levels. Our data provide a possible molecular
mechanism mediating the inhibitive effect of
ginsenoside Rgl on HASMC proliferation. The
results also give evidence that ginsenoside Rgl
may be an effective agent for cardiovascular
disease.

ACKNOWLEDGMENTS

The work was supported by grants from State
863 High Technology Research and Develop-
ment Project of China and the National Natural
Sciences Foundation of China and China Post-
doctoral Science Foundation.

REFERENCES

Attele AS, Wu JA, Yuan C-S. 1999. Ginseng pharmacology:
Multiple constituents and multiple actions. Biochem
Pharmacol 58:1685—1693.

Barath P, Fishbein MC, Cao J, Berenson J, Helfant RH,
Forrester JS. 1990. Tumor necrosis factor gene expres-
sion in human vascular intimal smooth muscle cells dete-
cted by in situ hybridization. Am J Pathol 137:503—509.

Bonni A, Brunet A, West AE, Datta SR, Takasu MA,
Greenberg ME. 1999. Cell survival promoted by the Ras-
MAPK signaling pathway by transcription-dependent
and -independent mechanisms. Science 286:1358—1362.

Braun-Dullaeus RC, Mann MdJ, Dzau VdJ. 1998. Cell cycle
progression. New therapeutic target for vascular prolif-
erative disease. Circulation 98:82—89.

Cantley LC. 2002. The phosphoinositide 3-kinase pathway.
Science 296:1655—1657.

Chang L, Karin LM. 2001. Mammalian MAP kinase
signaling cascades. Nature 410:37—40.

Chen X. 1996. Cariovascular protection by ginsenosides
and their nitric oxide releasing action. Clin Exp Phar-
macol Physiol 23:728—732.

Chen X, Gillis CN, Moalli R. 1984. Vascular effects of
ginsenosides in vitro. Br J Pharmacol 82:485-491.

Dzau VJ, Braun-Dullaeus RC, Sedding DG. 2002. Vascular
proliferation and atherosclerosis: New perspectives and
therapeutic strategies. Nat Med 8:1249—-1256.

Gennaro G, Menard C, Giasson E, Michaud SE, Palasis M,
Meloche S, Rivard A. 2003. Role of p42/p44 MAP kinase
in the age-dependent increase in vascular smooth cell
proliferation and neointimal formation. Arterioscler
Thromb Vasc Biol 23:204-210.

Gillis CN. 1997. Panax ginseng pharmacology: A nitric
oxide link? Biochem Pharmacol 54:1-8.

Goetze S, Xi XP, Kawano Y, Kawano H, Fleck E, Hsueh
WA, Law RE. 1999. TNF-a-induced migration of vascular
smooth muscle cells is MAPK dependent. Hypertension
33:183-189.

Goetze S, Kintscher U, Kaneshiro K, Meehan WP, Collins
A, Fleck E, Hsueh WA, Law RE. 2001. TNFa induces
expression of transcription factors c-fos, Egr-1, and Ets-1
in vascular lesions through extracellular signal-regu-
lated kinases 1/2. Atherosclerosis 159:93—101.

Jin SH, Park JK, Nam KY, Park SN, Jung NP. 1999.
Korean red ginseng saponins with low ratios of proto-
panaxadiol and protopanaxatriol saponin improve scopo-
lamine-induced learning disability and spatial working
memory in mice. Lif Sci 66:123—-129.

Lavoie JN, Allemain GL, Brunet A, Muller R, Pouyssegur J.
1996. Cyclin D1 expression is regulated positively by the
p42/p44MAPK and negatively by the p38/HOGMAPK path-
way. J Biol Chem 271:20608—-20616.

Levine AJ. 1997. p53, the cellular gatekeeper for growth
and division. Cell 88:323—-331.

Massagué J. 2004. G1 cell-cycle control and cancer. Nature
432:298-306.

Mii S, Khali RA, Morgan KG, Ware JA, Kent KC. 1996.
Mitogen-activated protein kinase and proliferation of
human vascular smooth muscle cells. Am J Physiol
270:H142-H150.

Moon SK, Cho GO, Jung SY, Gal SW, Kwon TK, Lee YC,
Madamanchi NR, Kim CH. 2003. Quercetin exerts
multiple inhibitory effects on vascular smooth muscle
cells: Role of ERK1/2, cell-cycle regulation, and matrix
metalloproteinase-9. Biochem Biophys Res Commun
301:1069-1078.

Nah SY, Park HJ, McCleskey EW. 1995. A trace component
of ginseng that inhibits Ca?* channels through a pertusis
toxin-sensitive G protein. Proc Natl Acad Sci USA 92:
8739-8743.

Ohta H, Wada H, Niwa T, Kirii H, Iwamoto N, Fujii H,
Saito K, Sekikawa K, Seishima M. 2005. Disruption of
tumor necrosis factor-o gene diminishes the development
of atherosclerosis in ApoE-deficient mice. Atherosclerosis
180:11-17.

Owens GK, Kumar MS, Wamhoff BR. 2004. Molecular
regulation of vascular smooth muscle cell differentiation
in development and disease. Physiol Rev 84:767-801.

Ross R. 1986. The pathogenesis of atheroscerosis-an
updats. N Engl J Med 314:488-500.

Ross R. 1995. Cell biology of atherosclerosis. Annu Rev
Physiol 57:791-804.

Ross R. 1999. Atheroscerosis-an inflammatory disease. N
Engl J Med 340:115-126.

Ross R, Glomset JA. 1973. Atherosclerosis and the arterial
smooth muscle cell: Proliferation of smooth muscle is a



Rg1 Inhibits SMC Proliferation Via ERK & PKB 1481

key event in the genesis of the leisions of atherosclerosis.
Science 180:1332—1339.

Sears RC, Nevins JR. 2002. Signaling networks that link
cell proliferation and cell fate. J Biol Chem 277:11617—
11620.

Sengupta S, Toh S-A, Sellers LA, Skepper JN,
Koolwijk P, Leung HW, Yeung H-W, Wong RNS,
Sasisekharan R, Fan TPD. 2004. Modulating angiogen-
esis: The Yin and Yang in ginseng. Circulation 110:
1219-1225.

Sherr CdJ. 1994. G1 phase progression: Cycling on cue. Cell
79:551-555.

Sriram V, Patterson C. 2001. Cell cycle in vasculoprolifera-
tive diseases: Potential interventions and routes of
delivery. Circulation 103:2414—2419.

Vivanco I, Sawyers CL. 2002. The phosphatidylinositol 3-
kinase AKT pathway in human cancer. Nature Rev
Cancer 2:489-501.

Widmann C, Gibson S, Jarpe MB, Johnson GL. 1999.
Mitogen-activated protein kinase: Conservation of a
three-kinase module from yeast to human. Physiol Rev
79:143-180.

Wu JX, Chen JX. 1988. Negative chronotropic and inotropic
effects of Panax notoginseng saponins. Zhongguo Yaoli
Xuebao 9:409-412.

Yew PR. 2001. Ubiqutin-mediated proteolysis of vertebrate
G1- and S-phase regulators. J Cell Physiol 187:1-10.

Zhan Y, Xu XH, Jiang YP. 1994. Protective effects of
ginsenosides on myocardic ischemic and reperfusion
injuries. Zhonghua Yixue Zazhi 74:628—648.



