PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(20):2944-2948
World Journal of Gastroenterology
Copyright © 2004 by The WJG Press | SSN 1007-9327

e LIVER CANCER e

Down-modulation of heat shock protein 70 and up-modulation of
Caspase-3 during schisandrin B-induced apoptosis in human

hepatoma SMMC-7721 cells

Yi-Feng Wu, Ming-Fu Cao, Yan-Ping Gao, Fei Chen, Tao Wang, Edward P. Zumbika, Kai-Xian Qian

Yi-Feng Wu, Yan-Ping Gao, K ai-Xian Qian, Collegeof Life Sciences,
Zhejiang University, Hangzhou 310027, Zhejiang Province, China
Ming-Fu Cao, College of Life Sciences, Hangzhou Teachers college,
Hangzhou 310012, Zhejiang Province, China

Fei Chen, Tao Wang, Edward P. Zumbika, School of Medicine, Zhgjiang
University, Hangzhou 310027, Zhejiang Province, China
Supported by the National Key Technologies Research and
Development Program of Chinaduring the 10th Five-Year Plan Period,
No. 2002BA760C

Correspondenceto: Kai-Xian Qian, Collegeof Life Sciences, Zhejiang
University, Hangzhou 310027, Zhejiang Province,

China. biocell@zju.edu.cn

Telephone: +86-571-87952761

Received: 2004-02-02 Accepted: 2004-02-21

Abstract

AIM: To investigate the effect of schisandrin B (Sch B) on
proliferation and apoptosis of human hepatoma SMMC-
7721 cells in vitro and regulation of Hsp70 and Caspases-
3, 7, 9 expression by Sch B.

METHODS: Human hepatoma cell line SMMC-7721 was
cultured and treated with Sch B at various concentrations.
Growth suppression was detected with MTT colorimetric
assay. Cell apoptosis was confirmed by DNA ladder detection
and flow cytometric analysis. The expression of Hsp70,
Caspases-3, 7, 9 were analyzed by Western blot analysis.

RESULTS: Sch B inhibited the growth of hepatoma SMMC-
7721 cells in a dose-dependent manner, leading to a 50%
decrease in cell number (LC50) value of 23.50 mg/L. Treatment
with Sch B resulted in degradation of chromosomal DNA
into small internucleosomal fragments, evidenced by the
formation of a 180-200 bp DNA ladder on agarose gels.
FCM analysis showed the peak areas of subdiploid at the
increased concentration of Sch B. The results of Western
bolt analysis showed that Hsp70 was down-regulated and
Caspase-3 was up-regulated, while the activity of Caspases-7,
-9 had no significant change.

CONCLUSION: Sch B is able to inhibit the proliferation of
human hepatoma SMMC-7721 cells and induce apoptosis,
which goes through Caspase-3-dependent and Caspase-9-
independent pathway accompanied with the down-regulation
of Hsp70 protein expression at an early event.
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INTRODUCTION
Schisandrin B (Sch B, Figure 1) is a dibenzocyclooctadiene

compound isolated from Fructus Schisandrae (FS, the fruit of
Schisandra chinensis), an herb commonly prescribed in tonic and
sedativeformulaein Chinesemedicing®2. Inclinica stuations, FS
was also found to produce beneficial effects on patients suffering
from viral hepatitig®. Recently, the pharmacological profile of
FS, which includes the enhancement of liver functions and
inhibitory/sedative effects on the central nervous system, has
been established by laboratory investigations*9. We presented
evidencethat Sch B wasableto inhibit the proliferation of human
hepatoma SMMC-7721 cells and induce apoptosisin vitro.
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Figure 1 Chemical structure of Schisandrin B.

Apoptosisisan essential physiologica process required for
normal development and maintenance of tissue homeostasi§°1Y.
Insufficient or excessive cell death can contribute to human
diseases, including cancer, acquired immunodeficiency
syndrome and some neurodegenerative disorders*?. Although
many factors areinvolved in apoptotic program!**1¢, Caspases,
a family of cysteine proteases have been shown to play a
magjor role in the transduction of apoptotic signals and the
execution of apoptosisin mammaliani*”2, which has become
recognized as key components of the apoptotic machinery!?2.
Most of the biochemical and morphological eventsof apoptosis
are adirect result of Caspase-mediated cleavage of specific
substrates!*24.

Inhibition of Caspases following treatment with apoptotic
stimuli has been shown to prevent some features of apoptosis.
The heat shock protein 70 (Hsp70) family of proteins has been
demonstrated to be a potent inhibitor of apoptosisinduced by
awide range of stimuli?>?, |t can protect against apoptosis at
an early event in the apoptotic pathway. A role for Hsp70 in
tumorigenesis has been suggested, based on the observations
that many transformed cells have elevated levels of Hsp70 and
overexpression of Hsp70 in transgenic mice resultsin T-cell
lymphoma?™-%0.,

In this study, Sch B induced human hepatoma SMMC-7721
cell apoptosis was confirmed by DNA ladder detection and
flow cytometric analysis. At the same time, the modulation of
Hsp70 and Caspases was observed to study the mechanism of
Sch B induced apoptosisin human hepatomaSMMC-7721 célls.
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MATERIALS AND METHODS

Reagents

Sch B was purchased from National Institute for the Control
of Pharmaceutical and Biological Products, China (NICPBP).
The drug was dissolved in dimethyl sulfoxide (DMSO) at a
concentration of 10 g/L. For cell treatments, the samples were
further diluted in culture medium with the final DM SO
concentration <5 g/L. Antibodies to Hsp70, Caspases-3, 7, 9
were purchased from Boster Biotech, China. RPMI-1640 culture
medium was obtained from Gibco Co. USA. Fetal calf serum
was supplied by Si-Ji-Qing Biotechnology Co. (Hangzhou,
China). 96-well plates and culture bottles were purchased from
Costar Co. USA.. All other chemica swere purchased from Sigma
Chemical (St. Louis, MO, USA).

Celllines and culture

Human hepatomacd | line SMM C-7721 and human hepatic cell
line HL-7702 were purchased from American Type Culture
Collection (ATCC). Human endothelial cell line ECV-304 was
obtained from Tumor Institute, Zhejiang University. Primary
human fibroblast cell linewas derived from fresh muscletissues
by enzymatic dissociation. Human lymphocytes were derived
from umbilical blood by Ficoll-Hyaque separation method, and
seeded in 96-well microplates with the concentration of
phytoagglutinin (PHA). All the cell lines were grown as
monolayersin RPM 11640 medium supplemented with 100 mL/L
fetal calf serum and antibiotics (100 unit/mL penicillin and
100 pg/mL streptomycin), incubated at 37 “C in a humidified
incubator containing 50 mL/L CO, inair.

Assay of cell proliferation

SMMC-7721 cells (100 pL of cell suspension per well) were
seeded at adensity of 1.5x10°/mL in 96-well plates. Each group
had three wells with a non-treated group as control. When the
cells anchored to the plates, various concentrations of Sch B
were added and the dideswereincubated at 37 “C in humidified
atmosphere containing 50 mL/L CO,. When the cells described
abovewere cultured for 48 h, 50 uL of MTT (2 mg/mL in PBS)
was added to each well and cultured for another 4 h. After the
supernatant was discarded, MTT formazan precipitates were
dissolvedin 100 pL of DM SO, shaken mechanically for 10 min
and then read immediately at 570 nm in a plate reader. Cell
proliferation inhibition rate (CPIR) was calculated using the
following equation: CPIR = (1-average absorbance (A) value of
experimental group/average A value of control group) x100%.

Cell toxicity on primary cells or normal cell lines

HL-7702 cells, ECV-304 cells, primary human fibroblast cells,
humanlymphocytes (100 L cdll suspens on per well) were seeded
a adensty of 1.0x10%mL in 96-well plates. Following trestment
at the concentration of 10, 20, 40, 80, 160 mg/L Sch B for 24 h, cell
viability was estimated by trypan blue exclusion. Six wellswere
messured for each concentration of test compound. All toxicity
experiments were repeated at least three independent occasions.

DNA ladder demonstration

After exposed to Sch B for 12h, SMMC-7721 cells(5x10f/sample,
both attached and detached cells) were collected and lysed
with lysisbuffer containing 50 mmoL Tris-HCI buffer (pH 7.5),
20mmol/L EDTA, and 10g/L NP-40. Then 10g/L SDSand RNase
(5 pg/mL) were added to the supernatant, and incubated at 56 “C
for 2 h, followed by incubation with proteinase K (2.5 pg/mL) at
37 °C for 2 h. After the DNA was precipitated by addition of
both ammonium acetate (3.3 mol/L) and ethanol (995 mL/L), it
was dissolved in agel loading buffer. DNA fragmentation was
detected by electrophoresison 15 g/ agarose gelsand visualized
with ethidium bromide staining.

Flow cytometric analysis

SMMC-7721 cellswere seeded in culture flasks. When the cells
were anchored to the plates, various concentrations (0, 10 umol/L,
20 pmol/L, 40 pmol/L) of Sch B were added and the cellswere
incubated a 37 "C in humidified atmosphere containing 50 mL/L
CO, for 2 d. Then each group of cells were washed with PBS,
trypsinized and fixed with 700 mL/L ethanol at -20 “C for 30 min,
and they were stained with 1.0 pg/mL propidium iodide (PI,
Boehringer Mannheim, Germany). Thered fluorescenceof DNA-
bound Pl in individual cells was measured at 488 nm with an
Altraflow cytometer. The resultswere analyzed using the Expol |
software (Beckman Coulter, USA). Ten thousand events were
analyzed for each sample.

Western blotting analysis

The cdlswerelysed in alysisbuffer (25 mmol/L hepes, 15 g/L
Triton X-100, 10 g/L sodium deoxycholate, 1 g/L SDS, 0.5 mol/L
NaCl, 5mmol/L edeticacid, 50 mmol/L NaF, 0.1 mmol/L sodium
vanadate, 1 mmol/L phenylmethylsulfonyl fluoride (PM SF) and
0.1g/L leupeptin, pH7.8) a 4 ‘C with sonication. Thelysateswere
centrifuged at 15 000 g for 15 min and the concentration of the
protein in each lysate was determined with Coomassie brilliant
blue G-250. L oading buffer (42 mmol/L Tris-HCI, containing
100 mL/L glyceroal, 23 g/L SDS, 50 g/L 2-mercaptoethanol and
0.02 g/L. bromaophenol blue) wasthen added to each lysate, which
was subsequently boiled for 3 min and then electrophoresed
on aSDS-polyacrylamide gel. Proteins were transferred onto a
nitrocellulose filter and incubated separately with antibodies
against Hsp70, Caspases-3,7,9, then labeled with peroxidase-
conjugated secondary antibodies. Thereactionswere visualized
using the enhanced chemiluminescence reagent (Sigma). The
results were approved by repesting the reactions twice.

Statistical analysis

All datawere expressed as mean+SD. Statistical analysis was
performed by t test using software SPSS 11.0 for Windows.
P<0.05 was considered statistically significant.

RESULTS

Effect of Sch B on cell proliferation

Treatment of human hepatoma SMMC-7721 cellswith Sch B
resulted in adose-dependent cytotoxicity. Asshown in Figure 2,
Sch B-mediated cytotoxicity occurred at aconcentration greater
than 20 mg/L for 48 h. A significant decreasein cell number was
seeninthecdlstrested with Sch B at 20 mg/L. Theconcentration
of Sch B leading to a50% decrease in cell number (LC50) was
about 23.5mg/L.

Effect of Sch B on primary cells or normal cell line toxicity
Asindicated in Figure 3, Sch B had little cytocidal effect on
primary human fibroblast cellsand human lymphocyte cellseven
if at the concentration of 160 mg/L. Treatment of human HL-
7702, ECV-304 with Sch B resulted in a dose-dependent
cytotoxicity. But human hepatic HL-7702 cellsweremoreresistant
to the Sch B-mediated cytotoxicity than human endothelial cells,
ECV-304 cellsand human hepatomaSMMC-7721.

Detection of DNA fragmentation in SMMC-7721 cells treated
with Sch B

As shown in Figure 4, treatment with Sch B resulted in
degradation of chromosomal DNA into small internucleosomal
fragments, evidenced by the formation of a 180-200 bp DNA
ladder on agarose gel's, hallmark of cells undergoing apoptosis.
No DNA ladders were detected in the samples isolated from
control cultures. These resultsindicated that Sch B induced an
apoptotic cell deathin SMMC-7721 célls.



2946 ISSN 1007-9327 CN 14-1219/ R World J Gastroenterol October 15, 2004 Volume 10 Number 20
6 1201

§ 100

% 80

2 bp
E 60 — 2000
5 40 1 %00
© 75

> 20 500
8 0 L L L L L 1 — 250

0 5 10 20 40 80 100 100

Concentration (mg/L)

Figure 2 Inhibition rate of Sch B on proliferation of SMMC-7721
cells. Cells were incubated at concentrations of Sch B for 48 h.
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Figure 3 Cytocidal effect of Sch B on growth of human endot-
helial ECV-304 cells, human hepatic HL-7702 cells, primary
human fibroblast cells and human lymphocyte cells. Cells
were incubated at concentrations (10, 20, 40, 80, 160 mg/L) of
Sch B for 48 h.
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Figure 4 DNA fragmentation in SMMC-7721 cells treated
with Sch B for 12 h. M: size marker; C: control culture; lane 1:
20 mg/L Sch B treatment; lane 2: 40 mg/L Sch B treatment.

Flow cytometric analysis of cell apoptosis

SMMC-7721 cells were exposed to increased concentrations
of SchB (10mg/L, 20 mg/L, 40 mg/L) for 48 h, and the growth of
the cells was analyzed using flow cytometry (Figure 5). The
peak value appearing before the G1 peak is called apoptotic
peak. As shown in Figure 5 and Table 1, the apoptotic peak
areas and rate increased with increased concentrations of Sch B.

Table 1 Apoptosis rate of SMMC-7721 cells induced by Sch B

Sch B concentration (mg/L) Apoptosis rate (%)

0 0.95+0.17
10 3.44+0.21°
20 10.73+1.17°
40 30.25+1.76°

3p<0.05,°P<0.01 vs control group.
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Figure 5 Cell apoptosis determined by flow cytometry. SMMC-7721 cells were treated with Sch B at various concentrations (0,

10, 20, 40 mg/L, respectively A to D) for 48 h.
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Effects of Sch B on expression of Hsp70 and Caspases-3,-7,-9
Recent reports suggested that Hsp70 might help to protect
cellsfrom apoptosis at an early event in the apoptotic pathway.
To elucidate whether Hsp70 was modulated during Sch B
induced apoptosis, we examined the expression of Hsp70 by
Western blot. Moreover, it was shown that Caspases were the
main factor in the apoptotic pathway. We investigated whether
Caspaseswereinvolved ininducing SMMC-7721 cell apoptosis
treated with Sch B. SMMC-7721 cellstreated with Sch B for 48 h
were analyzed for the enzymatic activity by Western blot. The
results showed that Hsp70 was down-regulated and Caspase-3
was activated, while the activity of Caspases-7,-9 had no
significant change (Figure 6).
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Figure 6 Effect of Sch B on expression of Hsp70, Caspases-3, -
7, -9 proteins. SMMC-7721 cells were treated with Sch B for 48 h.
After treatment, cell lysates were extracted, and the level of
Hsp70, Caspases-3, -7, -9 proteins were analyzed by Western
bolt analysis. Beta-actin was used as an internal loading control.
Lane 1: control; Lane 2: 20 mg/L Sch B treatment; lane 3: 40 mg/L
Sch B treatment.

DISCUSSION

After human hepatoma SMMC-7721 cells were treated at
various concentrations of Sch B for 48 h, MTT colorimetric
analysis showed that Sch B could significantly inhibit the
proliferation of SMMC-7721 cdls with LC50vaueof 23.50mg/L.
While human hepatic HL-7702 cells were more resistant to the
Sch B mediated cytotoxic activity than human endothelial ECV-
304 cells and human hepatoma SMMC-7721 cells. It is
interesting that Sch B had an unconspicuous cytocidal effect
on primary human fibroblast cells and human lymphocyte cells.

Current antineoplastic therapies, including chemotherapy
and radiation-therapy, arelikely to be affected by the apoptotic
tendency of cells. During apoptosis, certain characteristic
morphologic events, such as nuclear condensation, nuclear
fragmentation, and cell shrinkage, and biochemical events, such
as DNA fragmentation, would occur®-*!. |n this study, we
showed that Sch B induced human hepatoma SMMC-7721 cell
apoptosiswas confirmed by DNA ladder and cell cycleanalyses.

The commitment of cell apoptosis requires the integration
of numerous inputs involving multiple signal transduction
pathways. Some cellular pathways and molecular regulators/
effectors of apoptosis have been identified. Many lines of
evidence demonstrated that activation of Caspasesisacentra
mechanism of apoptosis. So far, more than 15 members of
Caspases have been reported in the literature, and most of
them played a major role in apoptosis, participating in the
initiation and execution of programmed cell death!**", Based
on their structure and function, Caspases are classified into
two groups: initiator Caspases (such as Caspases-2,-8 and-9)
and executor Caspases (such as Caspases-3, -6 and -7)%, |n
this study, Sch B-induced apoptosis of SMMC-7721 cellswas
accompanied with up-regulation of Caspase-3, but did not
involve the regulation of Caspase-7 and Caspase-9 protein
expression. These results suggested that Caspase-3 but not
Caspase-7 wasthe “executors’ of Sch B induced SMMC-7721
cell apoptosis that did not go through Caspase-9-dependent

pathway.

Recent results indicated that Hsp70 might help to protect
cells from apoptosis. Jaattela et al.[*¥ reported that Hsp70
exerted its anti-apoptotic function on downstream of Caspase-3.
Creagh et al.! revealed that Hsp70 acted on upstream of the
Caspases. In the presence of Hsp70, Caspase-3 was not
processed or activated and the release of cytochrome C from
the mitochondrial intermembrane space, a major Caspase
activating mechanism, was inhibited. In this study, the down-
modulation of Hsp70 was observed, indicating that Sch B could
help Caspase-3 to rel ease from the blockade of Hsp70 so asto
promote human hepatoma SMMC-7721 cellsto apoptosis.

In conclusion, Sch B is able to inhibit the proliferation of
human hepatomaSMMC-7721 cellsand induce apoptosis, which
goes through Caspase-3-dependent and Caspase-9-independent
pathways accompanied with the down-regulation of Hsp70
protein expression at an early event. Further investigation will
focus on the identification of other signal modulationsin this
apoptosis pathway.
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