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ABSTRACT

Induction of apoptosis associated with activation of
caspases by resveratrol in HTB-41 human salivary

gland epidermoid carcinoma cells

Yim, Kyong Sup
Advisor: Prof. Kim, Su-Gwan, D.D.S. Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Trans-3,4’ 5,-trihydroxystilbene (resveratrol), a phytoalexin that is present in
grape skin and red wine, suppresses many types of cancers by regulating cell
proliferation and apoptosis through a variety of mechanisms. However, resveratrol
effects on salivary gland tumors including squamous carcinomas are not clearly
established. The main goal of this study was to investigate the effect of
resveratrol on cell growth and apoptosis induction in salivary gland epidermoid

carcinoma cells.

To determine the effect of resveratrol on cell growth and apoptosis induction in

salivary gland epidermoid carcinoma cells, it was examined by inhibition of cell

_iV_
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growth (MTT assay), nuclear staining with DAPI, determination of caspase
activation and immunoblotting in HTB-41 human submaxillary salivary gland

epidermoid carcinoma cells. The results are as follows.

1. Treatment of resveratrol induced the inhibition of cell growth depended on the
resveratrol treatment time and concentration in HTB-41 cells.

2. Treatment of resveratrol induced the nuclear condensation and fragmentation in
HTB-41 cells.

3. Activation of caspase-3 and -7 was detected in living HTB-41 cells by
fluorescence microscopy.

4. Resveratrol promoted proteolytic cleavages of procaspase-3, -7, -8 and -9 with
the increases in the amount of cleaved caspase-3, -7, -8 and -9.

5. Cleaved PARP was increased by resveratrol in HTB-41 cells.

These results suggest that the resveratrol can induce the suppression of cell
growth and cell apoptosis in HTB-41 human submaxillary salivary gland
epidermoid carcinoma cells, and that it may have potential properties for

anti—cancer drug discovery.

KEY WORDS: Resveratrol, Cell death, Apoptosis, Anti-cancer therapy,

Salivary gland epidermoid carcinoma cells
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I. INTRODUCTION

In recent years, there has been a global trend toward the use of natural
substances present in fruits, vegetable, oilseeds and herbs as medicine and
functional food. Several of these substances, such as Taxol, Oncovin and
captothecin, are shown to have potential values as cancer chemopreventive or
therapeutic agents within the human body.!” Most of these bioactive substances
exert their cancer chemotherapeutic activity by blocking cell cycle progression and
triggering apoptotic cell death.'® Therefore, induction of apoptosis in cancer cells
has become an important indicator of the cancer treatment response in employing a
bioactive substance to reduce and control human mortality due to cancer.”®

Apoptosis, which is a major way of programmed cell death, plays an important
role in the regulation of tissue development and homeostasis in eukaryotes.””
Apoptosis may occur via a death receptor-dependent extrinsic or a
mitochondria-dependent intrinsic pathway and apoptosis is induced by treatment of
chemotherapeutic agents.'®!?

Trans-3,4’ 5,-trihydroxystilbene (resveratrol), a phytoalexin that is present in
grape skin and red wine, exerts a variety of actions to reduce superoxides, prevent
diabetes mellitus and inhibit inflammation.'* ™ Furthermore, resveratrol decreases
plaque formation relevant to neurodegenerative diseases such as Alzheimer disease

16)

and Huntington disease. Of particular interest is that resveratrol acts as a

chemopreventive agent and induces apoptotic cell death in various types of cancer

CeHS.12fl4,17*20)
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Salivary gland tumors are a morphologically and clinically diverse group of
neoplasms, which may present considerable diagnostic and management challenges
to the pathologist or surgeon.? Salivary gland tumors are rare with an overall
incidence in the Western world of about 2.5-3.0 per 100,000 per year and among
salivary gland tumors, squamous cell carcinomas are rare.”? However, although this
tumor has a poor prognosis, unlike most other salivary gland malignancies, survival

.22 Furthermore, resveratrol effect on salivary

at b years is prognostically significan
gland tumors including squamous carcinomas has been unknown at all.
In this study, therefore, the effect of resveratrol on cell growth and the

mechanism of cell death elicited by resveratrol were examined in HTB-41 human

submaxillary salivary gland epidermoid carcinoma cells.
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II. MATERIALS AND METHODS

1. Materials

Trans-3,4',5,~-trihydroxystilbene,5-[(1E)-2-(4-hydroxyphenyl)ethenyl]-1-
3-benzenediol (resveratrol) and 3-[4,5-dimethylthiazol-2-yl]-2 5-diphenyltetrazolium
bromide (MTT) were supplied by Cayman Chemical (Ann Arbor, MI, USA) and
Sigma (St Louis, MO, USA), respectively. Anti-cleaved caspase-3, -7, -8, -9 and
anti—cleaved PARP antibodies were purchased from Cell Signaling Technology, Inc.
(Danvers, MA, USA). Cell-permeable fluorogenic substrate PhiPhiLux-G1D2 was
purchased from Oncolmmunin, Inc. (Gaithersburg, MD, USA). Other analytical

reagents were purchased based on the analytical grade.

2. Cell line and cell cultures

The HTB-41 human submaxillary salivary gland epidermoid carcinoma cells
were provided by American Type Culture Collection (ATCC, Rockville, MD, USA).
The HTB-41 cells were grown in modified McCoy’'s media with 1.5 mM
L-glutamine adjusted to contain 2.2 g/L sodium bicarbonate with 10% FBS in
accordance with ATCC's instruction. The cells were maintained as monolayers in

plastic culture plate at 37°C in a humidified atmosphere containing 5% CO,.?
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3. Inhibition of cell growth (MTT assay)

The cell viability test was performed according to the previously described

2425 The cells were seeded at a concentration of 5

method with minor modifications.
X 10° cells/well in 24-well plates. After 24 hours growth, the cells were treated
with resveratrol at various concentrations and incubation times. The cell viability

was assessed using MTT assay. Four separate experiments were performed for

each concentration/exposure time combination.

4. Nuclear staining with DAPI

Nuclear staining with DAPI (40,60-diamidino—-2-phenylindole) was performed to
examine the level of apoptosis. The HTB-41 cells were cultured in 24-well plates
at a seeding density of 5 X 10° cells/well. After 24 hours growth, the cells were
treated with 0, 100 or 300 ;M resveratrol for 48 hours. The treated HTB-41 cells
were fixed with 1% paraformaldehyde for 30 min at room temperature and washed
twice with PBS. The cells were permeated with ice—cold ethanol for 5 min at room
temperature and washed twice with PBS. The fixed cells were stained with DAPI
(300 nM) for 5 min at room temperature in the dark, washed twice with PBS and

examined by fluorescent inverted microscopy (IX71, Olympus, Japan).

5. Determination of caspase activation

The activity of caspase-3/-7 was determined using the cell-permeable

_4_
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fluorogenic substrate PhiPhiLux-G;D, (Oncolmmunin, Inc. Gaithersburg, MD, USA),
which was used according to the manufacturer s instructions. The cells were
treated with 0, 100 or 300 4 M resveratrol for 48 hours and incubated with
PhiPhiLux-G;Ds. The activity of caspase-3/-7 was visualized by fluorescence

microscopy (IX71, Olympus, Japan).

6. Immunoblotting

The HTB-41 cells were treated with O or 100 ;M resveratrol for 48 hours.
Immunoblotting was performed according to the previously described method with
minor modifications.®?” The anti-cleaved caspase-3, -7, -8, -9 or anti—cleaved
PARP antibody (1:1000 dilution, Cell Signaling Technology, Inc., Danvers, MA,

USA) was used as the primary antibody.

7. Data analysis

All experiments were performed at least three times. The results were presented

as mean = SEM. The statistical significance was analyzed by using Student’s

t-test for two groups and one way analysis of variance for multi-group

comparisons. A p value <0.05 was considered statistically significant.
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. RESULTS

1. Cytotoxic effect of resveratrol in HTB-41 cells

To analyze the effect of resveratrol on the viability of cells, the cells were
treated with resveratrol at various concentrations for 0 - 72 hours, and then the
MTT assay was performed. When the HTB-41 cells were treated with resveratrol
for 0 - 72 hours, resveratrol inhibited the proliferation of HTB-41 cells in a
dose-dependent manner (Fig. 1A), suggesting that resveratrol induces HTB-41 cell
death. From 10 to 1000 ;M treatment of resveratrol, the inhibition of HTB-41 cell
growth depended on the resveratrol treatment time (Fig. 1B). The ICs values of

resveratrol on the cell viability are shown in Table 1.

Table 1. Anti—proliferative effect of resveratrol in HTB-41 cells

Time ICs (¢ M)
24 hours 2936 * 287
48 hours 1203 = 96
72 hours 221 £ 36

The ICs) values represent the mean = SEM for

four experiments.
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Fig. 1. Concentration- and time-dependent effects of resveratrol on the cell viability

in HTB-41 human submaxillary salivary gland epidermoid carcinoma cells.
(A) Concentration-dependent effect of resveratrol on the cell viability in
HTB-41 cells. The HTB-41 cells were treated with various concentrations
of resveratrol or without resveratrol for 24 (circle), 48 (square) and 72
hours (triangle). (B) Time-dependent effect of resveratrol on the cell
viability in HTB-41 cells. The HTB-41 cells were treated with 10 (circle),
30 (square), 100 (triangle), 300 (diamond) and 1000 ;M (hexagon)
resveratrol for 0 - 72 hours. The cell viabilities were determined by the
MTT assays. The percentage of cell viability was calculated as a ratio of
AD570,, of resveratrol treated cells and untreated control cells. Each data
point represents the mean = SEM of four experiments. */<0.05 vs. control,
“[X0.01 vs. control and “*7<0.001 vs. control (the control cells measured

in the absence of resveratrol).
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2. Changes in the nuclear morphology by resveratrol

The nuclear morphological changes were assessed by DAPI staining. As shown
in Fig. 2A, the nuclei of the control HTB-41 cells (Control) had a normal regular
and oval shape. Treatment with 100 or 300 ;M resveratrol for 48 hours resulted in
nuclear condensation and fragmentation, which are the characteristics of apoptosis
(Fig. 2A). As quantified in Fig. 2B, 100 and 300 ;M resveratrol increased the
apoptotic rate of HTB-41 cells significantly to 269 = 4.1% and 487 = 6.8%,

respectively.

3. Activation of caspase-3/-7 by resveratrol

The activation of caspase-3/-7 in the resveratrol-treated HTB-41 cells was
confirmed by fluorescence microscopy using a fluorogenic substrate. As shown in
Fig. 3, the resveratrol treatment led to the activation of caspase-3/-7 in the living

HTB-41 cells.

4. Activation of caspases by resveratol

The levels of cleaved caspase-3, -7, -8 and -9 were examined by
immunoblotting since caspase-3, -7, -8 and -9 are effector caspases of apoptotic
cell death.®3" Treatment with 100 ;M resveratrol significantly promoted proteolytic
cleavages of procaspase-3 (Fig. 4) and -7 (Fig. 5) in the HTB-41 cells, with the
increases in the amount of cleaved caspase-3 and -7. Resveratrol (100 ;M) also
promoted proteolytic cleavages of procaspase-8 (Fig. 6) and -9 (Fig. 7), with the

increases in the amount of cleaved caspase-7 and -9.

_8_
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Nuclear staining with DAPI
A

Control (DMSO treated) Resveratrol treated (48 hours)
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Fig. 2. Induction of apoptosis by resveratrol in HTB-41 cells. (A) Changes in
nuclear morphology by resveratrol. The cells were treated with 0, 100 or
300 ,M resveratrol for 48 hours. Representative fluorescence photomicrographs
show the nuclei morphology of HTB-41 cells. The arrows indicate
chromatin condensation, reduced nuclear size and nuclear fragmentation
typically observed in apoptotic cells. (B) The percentage of apoptotic cells

was calculated as the ratio of apoptotic cells to total cells.
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Caspase-3/-7 activity by resveratrol treatment

Control (DMSO treated)

Caspase-3/-7 activity Bright Field
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Fig. 3. Activation of caspase-3/-7 by resveratrol treatment in living HTB-41 cells.
The cells were treated with 0, 100 or 300 #M resveratrol for 48 hours and
added specific cell-permeable substrate Phiphilux G;D,. Active of

caspase-3/-7 was visualized by fluorescence microscopy.
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A Resveratrol (48 hours)

0 100 (pM)
Caspase-3
(cleaved)

17 kDa —

47 KDa — | e  ammewe | B-actin

B ...

I Caspase-3
100 | (cleaved)
a0
60
40

20 1

Density of band (% of p-actin)

0 100
Resveratrol (M)

Fig. 4. Proteolytic cleavage of caspase-3 by resveratrol treatment in HTB-41 cells.
(A) Activity of cleaved caspase-3 by resveratrol was measured in HTB-41
cells. The cells were treated with 0 or 100 M resveratrol for 48 hours.
The cell lysate was prepared and analyzed by immunoblotting as described
in "MATERIALS AND METHODS”. (B) Quantitative data for (A) were

analyzed by using Imagegauge 3.12 software after B —actin normalization.
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A Resveratrol (48 hours)
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Fig. 5. Proteolytic cleavage of caspase-7 by resveratrol treatment in HTB-41 cells.
(A) Activity of cleaved caspase-7 by resveratrol was measured in HTB-41
cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B —actin normalization.
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A Resveratrol (48 hours)
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Fig. 6. Proteolytic cleavage of caspase-8 by resveratrol treatment in HTB-41 cells.
(A) Activity of cleaved caspase-8 by resveratrol was measured in HTB-41
cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B —actin normalization.
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A Resveratrol (48 hours)
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Fig. 7. Proteolytic cleavage of caspase-9 by resveratrol treatment in HTB-41 cells.
(A) Activity of cleaved caspase-9 by resveratrol was measured in HTB-41
cells. (B) Quantitative data for (A) were analyzed by using Imagegauge

3.12 software after B —actin normalization.
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5. Apoptosis mediated via PARP by resveratrol
To determine how resveratrol induce the apoptosis of HTB-41 cells,
immunoblotting was performed to measure the expression of the PARP at the

protein level. As shown in Fig. 8, cleaved PARP was increased by resveratrol

compared to the control.
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A Resveratrol (48 hours)
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Fig. 8. Activation of cleaved PARP by resveratrol treatment in HTB-41 cells. (A)
The activity of cleaved PARP by resveratrol was measured in HTB-41
cells. The HTB-41 cells were stimulated with 0 or 100 ;M resveratrol for
48 hours, harvested and lyzed using a cell lysate buffer. (B) Quantitative
data for (A) were analyzed by using Imagegauge 3.12 software after B

—actin normalization.
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IV. DISCUSSION

Recent studies have shown that such chemicals derived from natural materials
have an inhibitory effect on the cell growth in cancer cells. > It has been
reported that this effect alters various factors associated with the cell cycle and
thereby induce the apoptotic cell death.3® Finding new anti-cancer agents that
can Kill cancerous cells with minimal toxicity is very important. Resveratrol is a
naturally occurring polyphenolic compound that is highly enriched in grape skin

12-15

and red wine.””™ It has anti-inflammatory, anti-oxidant, anti-leukemic, anti-viral

and neuroprotective properties.”? ™ In addition, resveratrol acts as a cancer

chemopreventive and chemotherapeutic agent, inhibiting different stages of

1271417200 However, the resveratrol effects on salivary gland tumors

carcinogenesis.
including squamous carcinomas are not clearly established. In this study, therefore,
the cytotoxic activity of resveratrol and the mechanism of cell death exhibited by
resveratrol were examined in HTB-41 human submaxillary salivary gland
epidermoid carcinoma cells.

In MTT assay, resveratrol inhibited growth of HTB-41 cells in a concentration-
and a time-dependent manner (Fig. 1). This corresponded with the results of
resveratol that has anti—cancer effects via the suppression of cancer cell growth in

1271417200 These results speculated that resveratrol has

various types of cancer cells.
cytotocity for salivary gland epidermoid carcinoma cells also and potential value for
anti—cancer drug discovery.

Apoptosis 1s an important way to maintain cellular homeostasis between cell
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division and cell death.”® The induction of apoptosis in cancer cells is one of
useful strategies for anti-cancer drug development.”?® So, many studies were
performed for screening of apoptosis from natural materials. In this study,
treatment with resveratrol induced the nuclear condensation and fragmentation (Fig.
2) and the activation of caspase-3/-7 (Fig. 3) in living HTB-41 cells, suggesting
apoptotic cell death. These results indicated that resveratrol inhibits the growth of
HTB-41 cells by activating cell apoptosis.

The activation of a family of intracellular cysteine proteases, called caspases, is
known to play an important role in the initiation and execution of apoptosis
induced by various stimuli.®*® Among the caspases identified in mammalian cells,
caspase-3, -7, -8 and -9 can serve as effector caspases of apoptotic cell death.? 3V
Caspase-3, -7, -8 and -9 are synthesized as inactive proenzymes, which require
proteolytic activation to cleaved enzymes (of sizes 17 kDa, 20 kDa, 43 kDa and 37
kDa, respectively).” " Our results show that low levels of cleaved capase-3, -7, -8
and -9 were present in resveratrol-untreated HTB-41 cells, and the amount of
cleaved enzymes was increased after resveratrol treatment in the HTB-41 cells
(Fig. 4, 5, 6 and 7). Also, the cleaved PARP, which is an important regulatory
factor of death receptor-mediated extrinsic apoptotic pathway, was increased by
resveratrol in the HTB-41 cells (Fig. 8). These results suggest that resveratrol
induces apoptotic cell death through both the mitochondria-mediated intrinsic
pathway and the death receptor-mediated extrinsic pathway by the activation of
caspases-3, -7, -8, -9 and PARP in HTB-41 cells. However, the mechanisms of
apoptosis induced by resveratrol are not yet completely understood. Further studies

will reveal the precise cellular and molecular mechanisms of apoptosis induced by
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resveratrol.

In conclusion, these in vitro results suggest that the resveratrol inhibits cell
proliferation and induces apoptotic cell death in HTB-41 human submaxillary
salivary gland epidermoid carcinoma cells through both the mitochondria-mediated
intrinsic pathway and the death receptor-mediated extrinsic pathway. Moreover,
these results suggest that the resveratrol could be a new agent of
chemotherapeutic for the inhibition of cancer cell growth. On the other hand, to
elaborate this nascent possibility, a further study of its activity including i vivo

and the purification of bioactive compounds is currently underway.

Collection @ chosun



V. REFERENCES

1. Pezutto J. M., Plant-derived anticancer agents. Biochem. Pharmacol,, 53, 121-133

(1997).

2. van Poppel G., van den Berg H., Vitamins and cancer. Cancer Lett, 114, 195-

202 (1997).
3. Christou L., Hatzimichael E., Chaidos A., Tsiara S., Bourantas K. L., Treatment
of plasma cell leukemia with vincristine, liposomal doxorubicin and

dexamethasone. Eur. J. Haematol, 67, 51-53 (2001).

4. Mukherjee A. K., Basu S., Sarkar N., Ghosh A. C., Advances in cancer therapy
with plant based natural products. Curr. Med. Chem., 8, 1467-1486 (2001).

5. Smets L. A., Programmed cell death (apoptosis) and response to anti—cancer

drugs. Anti-Cancer Drug, 5, 3-9 (1994).
6. Paschka A. G., Butler R, Young C. Y. F., Induction of apoptosis in prostate
cancer cell lines by the green tea component, (—)-epigallocatechin—3-gallate.

Cancer Lett,, 130, 1-7 (1998).

7. Green D. R., Reed ]. C., Mitochondria and apoptosis. Science, 281, 1308-1312
(1998).

Collection @ chosun



10.

11.

12.

13.

14.

Hengartner M. O., The biochemistry of apoptosis. Nature, 407, 770-776 (2000).

Kaufmann S. H., Hengartner M. O., Programmed cell death: alive and well in

the new millennium. 7Zrends Cell Biol, 11, 526-534 (2001).

Kaufmann S. H., Earnshaw W. C., Induction of apoptosis by cancer

chemotherapy. Exp. Cell Res., 256, 42-49 (2000).

Reed ]J. C., Apoptosis-regulating proteins as targets for drug discovery. 7rends

Mol. Med., 7, 314-319 (2001).

Vanamala J., Reddivari L., Radhakrishnan S., Tarver C., Resveratrol suppresses
IGF-1 induced human colon cancer cell proliferation and elevates apoptosis via
suppression of IGF-1R/Wnt and activation of pb3 signaling pathways. BMC.
Cancer, 10, 238-251 (2010).

Wang T. T. Hudson T. S, Wang T. C. Remsberg C. M. Davies N. M,
Takahashi Y., Kim Y. S., Seifried H., Vinyard B. T., Perkins S. N., Hursting S.
D., Differential effects of resveratrol on androgen-responsive LNCaP human

prostate cancer cells in vitro and in vivo Carcinogenesis, 29, 2001-2010 (2010).

Jiang H., Shang X., Wu H., Gautam S. C., Al-Holou S., Li C., Kuo J., Zhang

L., Chopp M., Resveratrol downregulates PISK/Akt/mTOR signaling pathways

in human U251 glioma cells. J. Exp. Ther. Oncol, 8, 25-33 (2009).

Collection @ chosun



15.

16.

17.

18.

19.

20.

Elliott P. J., Jirousek M., Sirtuins: novel targets for metabolic disease. Curr.

Opin. Investig. Drugs.,, 9, 371-378 (2008).

Karuppagounder S. S., Pinto J. T., Xu H., Chen H. L., Beal M. F., Gibson G.
E., Dietary supplementation with resveratrol reduces plaque pathology in a

transgenic model of Alzheimer 's disease. Neurochem. Int, 54, 111-118 (2009).

Banerjee S., Bueso-Ramos C., Aggarwal B. B., Suppression of 7,12-
dimethylbenz(a)anthracene-induced mammary carcinogenesis in rats by
resveratrol: role of nuclear factor—kappaB, cyclooxygenase 2, and matrix

metalloprotease 9. Cancer Res., 62, 4945-4954 (2002).

Hope C., Planutis K., Planutiene M., Moyer M. P., Johal K. S., Woo J., Santoso
C., Hanson J. A., Holcombe R. F., Low concentrations of resveratrol inhibit
Wnt signal throughput in colon-derived cells: implications for colon cancer

prevention. Mol Nutr. Food Res., 52(Suppl 1), 52-61 (2008).

Stewart J. R., Artime M. C., O'Brian C. A., Resveratrol: a candidate nutritional

substance for prostate cancer prevention. J. Nutr.,, 133, 2440-2443 (2003).

Jang M., Cai L., Udeani G. O., Slowing K. V., Thomas C. F., Beecher C. W.,
Fong H. H., Farnsworth N. R., Kinghorn A. D., Mehta R. G.,, Moon R. C.,
Pezzuto J. M., Cancer chemopreventive activity of resveratrol, a natural product

derived from grapes. Science, 275, 218-220 (1997).

Collection @ chosun



21.

22.

23.

24.

20.

26.

Speight P. M., Barrett A. W., Salivary gland tumours. Oral Dis, 8, 229-240
(2002).

Ellis G. L., Auclair P. L., Gnepp D. R., Surgical pathology of the salivary
glands, In: Primary Squamous Cell Carcinoma (Auclair P. L. and Ellis G. L.,

eds), pp. 369-378. W. B. Saunders Company, Philadelphia (1991).

Park N. S, Kim S. G,, Kim H. K., Moon S. Y., Kim C. S., Cho S. H., Kanai
Y., Endou H., Kim D. K., Characterization of amino acid transport system L in

HTB-41 human salivary gland epidermoid crcinoma cells. Anticancer Res., 28,

2649-2656 (2008).

Hwang J. H, Kim ]J. Y., Cha M. R., Park H. R., Effect of methanolic extract
from silkworm droppings on proliferation and caspase activity in HT-29 human

colon cancer cells. J Med. Food, 10, 467-472 (2007).

Kwon J. I, Kim G. Y, Park K. Y., Ryu C. H., Choi Y. H. Induction of
apoptosis by linoleic acid is associated with the modulation of Becl-2 family and
Fas/FasL. system and activation of caspases in AGS human gastric

adenocarcinoma cells. J Med Food, 11, 1-8 (2008).

Kim J. Y., Kim H. S.,, Kang H. S, Choi J. S, Yokozawa T. Chung H. Y.,

Antioxidant potential of dimethyl lithospermate isolated from Sal/via miltiorrhiza

(red sage) against peroxynitrite. J. Med Food, 11, 21-28 (2008).

Collection @ chosun



217.

28.

29.

30.

31.

32.

Kim C. S, Moon I. S,, Park J. H, Shin W. C, Chun H. S,, Lee S. Y., Kook ].
K., Kim H. ], Park ]J. C., Endou H., Kanai Y., Lee B. K., Kim D. K., Inhibition
of L-type amino acid transporter modulates the expression of cell cycle
regulatory factors in KB oral cancer cells. Biol Pharm. Bull, 33, 1117—1121

(2010).

Hu W. Kavanagh J. J., Anticancer therapy targeting the apoptotic pathway.

Lancet Oncol, 4, 721-729 (2003).

Datta R., Kojima H., Yoshida K. Kufe D. Caspase-3-mediated cleavage of
protein kinase C theta in induction of apoptosis. J Biol Chem., 272, 20317-

20320 (1997).

Liu X., Zou H., Slaughter C., Wang X., DFF, a heterodimeric protein that
functions downstream of caspase-3 to trigger DNA fragmentation during

apoptosis. Cell 89, 175-184 (1997).

Cohen G. M., Caspases: the executioners of apoptosis. Biochem. J., 326, 1-16

(1997).

Cheng Y. L, Lee S. C, Lin S. Z., Chang W. L., Chen Y. L., Tsai N. M., Liu
Y. C.,, Tzao C., Yu D. S., Harn H. J., Anti—proliferative activity of Bupleurum
scrozonerifolium in A549 human lung cancer cells in vitro and in vivo. Cancer

Lett., 222, 183-193 (2005).

Collection @ chosun



33. Park D. I, Lee J. H., Moon S. K., Kim C. H,, Lee Y. T., Cheong J., Choi B. T,
Choi Y. H., Induction of apoptosis and inhibition of telomerase activity by
aqueous extract from Platycodon grandiforum in human lung carcinama cells.

Pharmacol. Res., 51, 437-443 (2005).

34. Tan M. L., Suaiman S. F., Najimuddin N., Smian M. R., Tengku Muhammad
T. S., Methanolic extract of Pereskia bleo (Kunth) DC. (Cactaceae) induces

apoptosis in breast carcinoma, T47-D cell line. /. Ethnopharmacol, 96, 287-294
(2005).

35. Hoshino T., Hara A., Inoue M., Honda J., Imai Y., Oizumi K., Yokoyama M. M.,
Flow cytometric measurement of NK cell cytotoxicity. J Clin. Lab. Immunol,
36, 39-43 (1991).

36. Tian Z., Chen S., Zhang Y., Huang M., Shi L., Huang F., Fong C., Yang M.,

Xiao P., The cytotoxicity of naturally occurring styryl lactones. Phytomedicine,

13, 181-186 (2006).

Collection @ chosun



ABSTRACT in KOREAN

Al EFA A WA T oA £ HTB-419] A

resveratrol®] ¢ 3} caspase T¥ apoptosisd F%E

QA A
AT s gt X o 53
RETF: 7 5 B)

g=A EF(Fol|ELd A F el trans-3, 4/, 5,-trihydroxystilbene(resveratrol)
= 54 dAEY A4S £4S 5 Uil Baudod gioh ey Bl ehe wd
¥ resveratrolell ¥3 AR E Ao vk whebd 2 Aol A= Abg EReld B
AMEFT HTB-41 AIEFTE ©] 83} resveratrol®] EfNA HPZI AAE AT A
of A= Zet MEAAY AAVIHE EA AT

ATl A resveratrolol ©]g BFAM ARG GAE FFdAt 1 7S A
7] 9138, HTB-41 MXEFA resveratrolS ©]83ted MTT 4], DAPIE o]-&3t

gl A B4 caspase &4 4] % immunoblotting 52 Al 3%

Collection @ chosun



HTB-419] 4 resveratrol<

9 QH A E 7

)]
oh

ol Al resveratrol-<

hvA
s i

}dth. HTB-41 Al

S

o elEH o oA

KN
=

resveratrol

3Z o

ekt HTB-41 A

st=

o) 2

2}

[e]
-

9/]

]

=

Els

€]

S
=

ol resveratrol

Atk HTB-41 A%

Fag

%4

caspase—-3/-79

ol A procaspase-3, -7, -8 = -99] proteolytic cleavage &

ol 4 PARP9] proteolytic cleavage &

=

A€

KN
=

¥ 9] resveratrol

th. HTB-41 Al

%
R

¢+

o

o
o
el
wAO

T HTB-419 apoptosis

A3

oF
=

Aol A3 E resveratrol> AR B

=

mpy

o]-&3

KeN
=

T9 A¥E, resveratrol

Apoptosis,

A,

ST
X

Al

Resveratrol,

F4ol:

Collection @ chosun



	I. INTRODUCTION  
	II. MATERIALS AND METHODS  
	1. Materials  
	2. Cell line and cell cultures  
	3. Inhibition of cell growth (MTT assay)  
	4. Nuclear staining with DAPI  
	5. Determination of caspase activation  
	6. Immunoblotting  
	7. Data analysis  

	Ⅲ. RESULTS  
	1. Cytotoxic effect of resveratrol in HTB-41 cells  
	2. Changes in the nuclear morphology by resveratrol  
	3. Activation of caspase-3/-7 by resveratrol  
	4. Activation of caspases by resveratol  
	5. Apoptosis mediated via PARP by resveratrol  

	Ⅳ. DISCUSSION  
	Ⅴ. REFERENCES  
	ABSTRACT in KOREAN  


<startpage>11
I. INTRODUCTION   1
II. MATERIALS AND METHODS   3
 1. Materials   3
 2. Cell line and cell cultures   3
 3. Inhibition of cell growth (MTT assay)   4
 4. Nuclear staining with DAPI   4
 5. Determination of caspase activation   4
 6. Immunoblotting   5
 7. Data analysis   5
¥². RESULTS   6
 1. Cytotoxic effect of resveratrol in HTB-41 cells   6
 2. Changes in the nuclear morphology by resveratrol   8
 3. Activation of caspase-3/-7 by resveratrol   8
 4. Activation of caspases by resveratol   8
 5. Apoptosis mediated via PARP by resveratrol   15
¥³. DISCUSSION   17
¥´. REFERENCES   20
ABSTRACT in KOREAN   26
</body>

