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ABSTRACT

The apoptotic effect of the Pleurospermum
kamtschaticum extract and its active component,

buddiejasaponin IV
Jin-Eun Kim

Department of Medical Science

The Graduate School, Yonsei University
(Directed by Professor Kwang-Kyun Park)

Colorectal cancer remains one of the most frequaalignant
neoplasms worldwide. Epidemiological studies ofooettal cancer incidence
suggest that the development of these diseasedecanodulated by dietary
factors.

In the present study, to access the chemoprevemtitioity, we
investigated the proapoptotic effect Blfeurospermum kamtschaticum (PI-K)
and buddlejasaponily (BS-IV), one of active components thfe aerial part of
PI-K, and their mechanism of action in human cotamcer HT-29 cells. We
also to investigate whether PI-K and BS-inhibit the formation of tumor
nodules in the lung metastasis induced by murinencocancer CT-26 cells in
BALB/c mice.

PI-K and BS-IV significantly reduced the viability of HT-29 cells,



displaying a characteristic ladder pattern of DNAgmentation, chromatin
condensation angkdistribution of membrane phosphatidylserine. Rifi<iBS-

IV increased the ratio of Bax to Bcl-2, the activatidrcaspase-9 and caspase-3
and subsequent cleavage of PARP.

Cell attachment to the extracellular matrix vieegrin may play a key
role in cellular processes such as proliferatialowgh and survival. Thereby
loss of cell attachment to the ECM causes apoptdsisurther elucidate the
molecular mechanism underlying the apoptosis-imtyciapability of PI-K and
BS-Iv, their effects on cell adhesion and integrin-mediasignaling were
explored. PI-K and BS-IV decreased the attachment of HT-29 cells to
extracellular matrix proteins, collagetype |, IV and laminin, and
downregulateda,f3: integrin surface expression. PI-K and BS-treatment
inhibited both expression and phosphorylation &KFAkt, ERK and JNK as
well as they reduced the phosphorylation of Srce Thduction of total
expression of FAK, Akt, ERK and JNK was suppreskgdaspase inhibitor,
not proteasome and calpain inhibitor. Moreover,ntRINA expression levels of
FAK, Akt, ERK and JNK was reduced by PI-K and BS-Taken together,
PI-K and BS¥V induced apoptosis via mitochondrial dependent paghty
increasing the ratio of Bax to Bcl-2 and subsequetivation of caspases. In
addition, PI-K and BV inhibited cell survival by lowering the activatiarf
integrin-mediated signaling molecules through thduction ofa(3: integrin
expression and the degradation by caspase.

Furthermore, we showed that PI(B mg/kg, body weight /day 62.1 %
reduction)andBS-IV (2 mg/kg, body weight /day 52.9 % reductiamjibited
the formation of tumor nodules in the lung metadstasluced by murine colon
cancer CT-26 cellin Balb/C mice. These results demonstrated Eidt and

BS-IV exert the potent chemopreventive effect.



Key words : apoptosis, metastasis,Pleurospermum kamtschaticum,

buddlejasaponiiV, a23;:integrin, FAK, Akt, ERK, JNK and caspase



The apoptotic effect of th&leurospermum kamtschaticum extract

and its active component, buddlejasapoiin
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(Directed by Professor Kwang-Kyun Park)

[. INTRODUCTION

Colorectal cancer remains one of the most frequaalignant
neoplasms worldwide Epidemiological studies of colorectal cancer diecice
suggest that the development of these diseasedecanodulated by dietary
factors, with a high intake of fruits and vegetableroviding a protective
effect. These include garlic, soybeans, ginger, oniorméuic tomatoes and
cruciferous vegetables (for example, broccoli, eagh cauliflower and
Brussels sprouts). Numerous cell-culture and animadiel studies have been
conducted to evaluate the ability of specific egliplants to prevent cander

Apoptosis, the programmed cell death, is critidat cellular
homeostasis. It leads to cell death through aljiglegulated process resulting
in the removal of damaged or unwanted tiSsiRecently, interest has been
focused on the manipulation of the apoptotic precies the treatment and
prevention of cancérApoptosis is characterized by cell shrinkagepotatin

condensation, fragmentation of nuclei as well asADNMhosphatidylserine
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externalization, loss of adhesion and the activatif specific cysteine
proteases Apoptosis involves two main death pathways; teathl receptor and
mitochondrial pathways. The apoptotic death reaepadhway is induced by
members of the death receptor superfamily suchaas Fas ligand binds to
Fas-associated death domain (FADD) and pro-caspaséhe activation of
pro-caspase-8 to caspase-8 is required for cethd@&e mitochondrial death
pathway is controlled by members of Bcl-2 familycluding the anti-apoptotic
Bcl-2 and Bcl-XL proteins and the proapoptotic Baxd Bid proteins. The
apoptotic death receptor and mitochondrial deatkthvpays converge at
caspase-3 activation. Once activated, caspasea@edaenany substrate proteins
including poly (ADP-ribose) polymerase (PARP), gpactivated
deoxyribonuclease inhibitor (ICAD) and structuredteins.

Integrins comprise a large family of cell surfaxaptors that are
found in many animal species, ranging from sportgesammals. The integrin
receptor family comprises over 20 distinet and B heterodimeric
transmembrane glycoproteins, in which the assacidietweern andp chains
determines the ligand-binding specificity of theeptor molecule Integrins
serve as adhesion receptors for extracellular rptateins. Integrin binding to
the ECM creates and activates a bipartite kinagaeptax, and transduces
external stimuli from the ECM to the nucléu$hese signaling events regulate
such cellular processes as proliferation, apoptaosigration and spreading and
metastasfs '> Down-regulation of the,, subunit leads apoptosis in melanoma
cells and the activation of shc lypi, asp: and avfs may also contribute to
protection from apoptosis *> Adhesion mediated by thep; integrin protects
Chinese hamster ovary cells from apoptdsiMammary epithelial cells are
protected from apoptosis when bound to laminin ugtotheasp; integrin™.
Overexpression afspi provides protection against apoptosis inducedebyrs

deprivation in HT-29 cells, and butyrate inducedg@psis through reduction of



azPs integrin expression in poorly differentiated hunwmton cancer ceft8 *°
Furthermoreg; integrins also reported to play an important inlevasiveness
and metastasis formation of cancer ¢élislowever, the exact mechanism of
the antiapoptotic effect by integrin expresds®mot clear, although it has been
suggested that antiapoptotic integsignaling involves the activation of the
prosurvival kinase focal adhesion kinase (FAK),,@wive human protein
kinases (Akt), and mitogen-activated protein kisa@@APKs)®?° (Fig. 1).

FAK is a stringent role in integrin-mediated sigtransduction. Upon
integrin ligation and clustering, FAK autophospHatgs at Tyr 397 that is the
binding site for the SH2-domian of Src. This resulih accelerating
Src-mediated FAK phophorylation on several tyroshmesidues, enhancing
intermolecular FAK kinase activity and its autopplosrylation at Tyr 397 as
well as providing the binding site for Grb2 leaditay activation of MAPK
cascade. In addition, the recruitment and actimatioSrc through the formation
of a bipartite kinase complex result in Ras-Raf-iaedl ERK activation and
p130°- mediated JNK activation. Association with FAK aPI8-Kinase leads
to the phosphorylation of ARt Inhibition of FAK phosphorylation causes
apoptosis through blocking the Akt survival pathveayl activating caspasé-3

Buddlejasaponirlv (BS-IV) (Fig. 2) is one of active components of
the aerial part oPleurospermum kamtschaticum Horrmann (Umbelliferae). It is
a perennial herb distributed in Kangwon provinceKofrea, and it has been
taken in Korea as food. The methanolic extract efiah part of P.
kamtschaticum is traditionally used to treat colds, arthritishextosclerosis and
impotencé&”. P. kamtschaticum extract (PI-K) andBS-IV have been reported
that suppression of nitric acid (NO), prostaglandin (PGE) and tumor
necrosis factor (TNF) production might be associated with its putative
anti-inflammatory effeéf. Moreover, BSK showed a remarkable

hepatoprotective effects against GalN-cytotoxiGityand antiviral activity
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against vesicular stomatitis vifisHowever, antitumor effects of PI-K aB$&-
IV have not been studied.

In this study, we investigated the apoptosis-indgaapability of PI-K
and BSIV and their effects on integrin-mediated signaling d an
mitochondrial-dependent apoptotic signaling molesul Furthermore, we
investigated whether PI-K and BS-inhibit the formation of tumor nodules in
the lung metastasis induced by murine colon caffel6 cells in BALB/c

mice.



Fig. 1. Integrin signaling in cell survival and deth.
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Fig. 2. Structure of BuddlejasaponinlV .



II. MATERIALS AND METHODS

1. MATERIALS

The methanolic extract of aerial part ”f kamtschaticum (PI-K) and
buddlejasaponinV (BS-IV) were generously provided by Professor Hee-Jun
Park (Sangji University, Wonju, Kor€d) Z-VAD-FMK, MG132 and calpeptin
were from Calbiochem (San Diago, CA, U.S.A). Thésgys were dissolved in
DMSO before use, and the final concentration of M8 cell culture media
was maintained below 0.2 %. The primary antibod@®®8ax, Bcl-2, p-ERK,
and pro-caspase-9 were purchased from Santa CotecBnology (Santa Cruz,
CA, U.S.A), Akt, p-Akt, JNK, p-JNK, ERK, PARP angdro-caspase-3
antibodies were from Cell Signaling Technology (Bey, MA, U.S.A), FAK
and p-FAK (Tyr397) antibodies were from BD Tranditut Laboratories
(Lexington, KY, U.S.A), a2B1, az, and B; antibodies were from Chemicon
International Inc (Temecula, CAJ.S.A), andB-Actin antibody from Sigma (St.
Louis, MO, U.S.A).Horseradish peroxides-conjugated secondary angébodi
were obtained from Santa Cruz Biotechnology (S&mnaz, CA,U.S.A) and
secondary fluorescein isothiocyanate (FITC) conjedeantibody were from
SouthernBiotech (Birmingham, AL, USA). Dulbecco'sodified Eagle's
media (DMEM), Fetal Bovine Serum (FBS), 1 % anfilsi@ntimycotic
mixture, Phosphate-Buffered Saline (PBS) and tn4EDTA were purchased
from Gibco (Grand Island, NY, U.S.A). MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoin  bromide], RNase A,
phenol/chloroform/isoamlyalchol mixture and Tritos100 were purchased
from Sigma(St. Louis, MO, U.S.A)protease inhibitor cocktail was from Roche

(Mannheim, Germany), CytoMatrixTM cell adhesionipgr human collagen
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type I, IV were from Chemicon (Temecula, C.S.A), peptide: N-glycosidase
F (PNGase F) was from New England BioLabs (Bevel§A, U.S.A),
TRIzol reagent was from Invitroge(Carlsbad, CA U.S.A, and M-MLV
reverse transcriptase, 500 ng oligo-(dT)15 prirRase inhibitor and 0.5 mM
of dNTP were from Promega (Madison, WWI.S.A).

2. METHODS

A. Cell Culture

Human colon cancer HT-29 cells (Korea Cell Line Baseoul,
Korea) and murine colon cancer CT-26 cells (KaGedl Line Bank, Seoul,
Korea) were cultured in DMEM containing 10 % FBSdal %
antibiotic-antimycotic mixture in a humidified 5 @0, at 37C. All treatments

were carried out on cells at 70-80 % confluence.

B. MTT assay

The viability of HT-29 cells was determined by mae@asy the
reduction of MTT to formazan. Briefly, 5x16ells were seeded to 96-well plate
in 100 pl medium and left overnight to adhere. Then, Pl &8S1V were
added to the medium at various concentrations laadells were incubated for
2 hr and 24 hr for PI-K and 2 hr for BS- At the end of the incubation, 20
of 5 mg/ml MTT solution was added to each well amtubated for 4 hr at 37
C. After centrifugation, the medium was removed ahd purple colored
precipitates of formazan were dissolved in 20@f DMSO. The absorbance
was determined at 570 nm on a Benchmark microplaseler (Bio-Rad.

Laboratories, Hercules, CAJ.S.A).

C. DAPI staining
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Apoptotic cells with condensed or fragmented nuelere visualized
by DAPI staining. At 70 % to 80 % confluence, HT-@8lls were incubated in
serum-free media with different concentrations bKRO0, 0.01, 0.05 and 0.1
mg/ml) for 2 hr and 24 hr, and then harvested Witypsin-EDTA. Cells were
washed once with ice-cold PBS before fixing in &uon of methanol:acetic
acid (3:1). Fixed cells were placed on slides. Aftsaporation of fixing
solution, cells were stained with /&/ml DAPI solution for 20 min at 37C.

The nuclear morphology of cells was examined bgr'gscence microscopy.

D. DNA fragmentation assay

HT-29 cells at 70 % to 80 % confluence were treavdth in
serum-free media containing various concentrat@nP®Il-K and BS¥. 2 hr
and 24 hr later, cell pellets were resuspendedihb of lysis buffer (2.5 M
NaCl, 100 mM EDTA, 10 mM Tris (pH 7.5) and 1 % ©ntX-100), incubated
on ice for 2 hr and centrifuged 15,000 rpm for 1 &t 4 C. RNase A was
added to the supernatant and incubated &t 3@r 30 min. DNA was extracted
twice with phenol/chloroform/isoamylalchol (25:23%:mixture, precipitated in
70 % ethanol, and loaded on a 1.8 % agarose g#&inorg ethidium bromide

at 50 V. The gels were then photographed underight.|

E. Flow cytometry analysis for apoptosis
At 70 % to 80 % confluence, HT-29 cells exposedealdtd different
concentrations of PI-K (0, 0.01 and 0.05 mg/ml)sarum-free media. After
treated for 2 hr and 24 hr, apoptosis analysis easied out by using an
Annexin V-FITC kit (Biosource International, Canibrj CA, USA) following
the manufacturer's instructions. Stained cellsaieteby a FACSCalibur (BD,
Franklin Lakes, NJ, USA). Data were analyzed usiigMDI 2.8 software.

_12_



F. Adhesion assay

When reached to 70 % to 80 % confluence, cells wletached with
trypsin/EDTA, washed with serum free DMEM and rgmmled. 7.5x10
cells/50ul and 50ul of 2 x final concentration PI-K, BS# or antia2[3: integrin
antibody were added to CytoMatrixTM cell adhesidnps human collagen
type I, IV and laminin. Cell adhesion to BSA-coated stripyes# as a negative
control. After 1 hr of incubation at 3T in a CQ incubator, media were
removed and unattached cells were washed awayirves twith warmed PBS.
Attached cells were stained with a solution of @2crystal violet in 10 %
ethanol for 5 min at room temperature. Stainedsae#ire washed with PBS and
bound dye was solubilized with 1Q0 of solubilization buffer (50/50 mixture
of 0.1 M NaHPQ,, pH 4.5 and 50 % ethanol) to each well. The alzswb was
determined at 570 nm on a Benchmark microplate era@io-Rad.
Laboratories, Hercules, CAJ.S.A).

G. Detection of cell surface expression mf3;integrin

a1 integrin expression was evaluated by fluorescetivated cell
sorting (FACS). HT-29 cells at 70 % to 80 % confiag were treated with PI-K
and BS{V for 2 hr. Cells were detached with typsin/EDTA,shked in PBS
containing 1 % BSA, and incubated with amtj3: integrin antibody (1 and 10
g/ml) for 60 min at room temperature. After washioglls were incubated with
secondary FITC conjugated antibody (500:1) for 30 im the dark and washed
again. Stained cells were immediately analyzed lbw fcytometry analysis

using a FACSCalibur, and data were analyzed usimVvil| 2.8 software.

H. Western blot analysis

At 70 % to 80 % confluence, the cells were treatgth various

_13_



concentrations of PI-K and BB- for 2 hr. Cells were rinsed twice with PBS
and then lysed in lysis buffer (5 mM EDTA, 10 % ggyol, 0.1 % SDS, 0.2 %
Triton X-100, and 1 mM PMSF) with a protease intubicocktail. The
cytosolic protein concentration was determined giglee BCA protein assay
reagent. Cell extracts that contained equal totatepn were subjected to
SDS-polyacrylamide gel electrophoresis (SDS-PAGEh the resolved
proteins were transferred electrophoretically ttyyiaylidene flouride transfer
membrane. The membrane was incubated in blockifigro{fBS (Tris-based
saline) with 5 % non-fat dry milk and 0.1 % Twee®) Zor 2 hr at room
temperature, washed with TBST (Tris-buffered salméh 0.1 % Tween 20)
buffer and then probed overnight with the desireichary antibody at 4C.
After washing, the membrane was incubated with réspective horseradish
peroxidase-conjugated secondary antibody for 1tho@m temperature. The
protein expression was detected by enhanced chamidgscence detection kit
and it was exposed to X-ray films. The optical diéss of bands were analyzed

with the TINA imaging software.

|. Deglycosylation off;integrin subunit byeptide:N-glycosidase F

Treatment of cell lysates with peptide: N-glycosieldE (PNGase F)
was performed according to the instructions of rirenufacturer. The lysates
were incubated overnight at 37, resolved by SDS-PAGE, and subjected to

western blotting with monoclonal antibody specfic the . integrin.

J. RT-PCR
Total RNA of HT-29 cells treated by PI-K and B%-at the indicated
concentrations was extracted with TRIzol reagescording to the
manufacturer's protocol. First strand cDNA was Bgsized in a 2@l reaction

volume containing 2pg of total RNA, 200 units of M-MLV reverse
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transcriptase, 500 ng oligo-(dT) 15 primer, 28 U&aRal inhibitor and 0.5 mM
of dNTP in the buffer supplied with the enzyme. Tlaction was carried at 42
C for 60 min. The 2Q:l PCR reaction mixture contained cDNA derived frédm
ug of total RNA, 1.5 U Tag DNA polymerase, 1 mM aich dNTP, 0..umol/L

of each primer and 3.5 mM Mg IThe primer sequences, product sizes and

annealing temperatures for each gene are showalleT.
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Table 1. Primer sequences, product sizes and annieg temperatures for RT-PCR.

Size of Annealing
Target . g
Primer sequence forward/reverse amplified | temperatur
ene
9 products (bp (C)
5'-CGA CTT GCT GGA GAA GAT GC-3'
FAK 324 60
5-TCC ATC TCT TCT TGG TCA AGG-3'
5-CAACTT CTC TGT GGC GCA GTG-3'
Akt 560 58
5'-GAC AGG TGG AAG AAC AGC TCG-3'
5-TCT GTA GGC TGC ATT CTG GC-3'
ERK2 430 60
5-GGC TGG AAT CTA GCA GTC-3'
5-CAATGG CTC TCA GCA TCC ATC ATC-3'
JNK1 183 61
5-CAATGA CTA ACC GAC TCC CCA TCC-3]
5-AGA CAC AGA CAG CAG TCT TGA TGC-3
JNK2 423 60
5-CAA AGT GCT AGA TGG GCA AGT CCA-3
5-GTC AGT GGT GGA CCT GAC CT-3'
GADPH 420 52
5-AGG GGT CTA CAT GGC AAC TG-3'
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K. Experimental animals
Five-week-old male Balb/C mice (Orient Co. Ltd. o8k Korea) were
used for thein vivo studies. After at least 1 week of observation, rtiee
were used at the age of 6 weeks. They were housedspicific
pathogen-free condition at temperature of 22 £ avith a 12 hr light/dark
cycle. Standard chow pellets and water were aJailadh libitum throughout

the experimental period.

L. Pulmonary colonization assay

To determine the anti-metastatic effects of PI-Kd aBS-IV, a
pulmonary colonization assay was carried out asriesi by Fidle?. Mouse
colon cancer CT-26 cells (10 cells/200ul) were injected into the tail vein
of Balb/c male mice using 27-gauge needle. The /Bathice (3 mice per
group) were divided as followed; a control groupthwiPBS, a cell
alone-treated group, four group with PI-K (0.0109).0.1 and 1 mg/kg body
weight) and four group with B8 (0.01, 0.1, 1 and 2 mg/kg body weight).
Thirty minutes before the intravenous injectionttod CT-26 cells and for 14
day the mice were administered intra-peritonealth WBS, PI-K and BV .
The mice were sacrificed and the lobes of the lumge separated and fixed
in a Bouin's solution (Sigma, St. Louis, MQJ.S.A. The number of
superficially visible colonies per lung was countedder a dissecting

microscope.
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[ll. RESULTS

1. PI-K and BSKF reduce the viability of HT-29 cells
As shown in Fig. 3, treatment with PIl-Kd)(and BS#V (B) for 2 hr
decreased the viability of HT-29 cells in a dospatelent manner. The 4€
(inhibitory concentration to induce 50 % reductioiviable cells) of BSV
for HT-29 cells was 2.72M. No significant difference in cell viability was

found when PI-K was treated for 24 hr, comparedh ®itir treatment .

A B
PI-K BS- IV
1201 120
_ 1007
e | —o— Zhr = 100
= 80 —e— 2dhr = —— Chr
S 0] s %
© 60
o 407 —
2 40
£ 20 <
0 20
il T T T 1 0 +
0 005 01 015 02 0 2 4 6 8§ 10
Conc. (mg/ml) Conc. (uM)

Fig. 3. PI-K and BS1V reduce the viability of HT-29 cells.HT-29 cells were treated
with the indicated concentrations of PI-K for 2amd 24 hr &) and BS#V for 2 hr B).
The determination of cell viability was evaluatey IMTT assay. Independent

experiment was performed three times. Resultsx@eessed as means + SD.
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2. PI-K induces apoptosis in HT-29 cells

The occurrence of nuclear condensation was detebtedAPI
staining. When HT-29 cells were treated with PI4#0&®5 and 0.1 mg/ml for 2
hr and 24 hr, DNA condensations and nuclear apiopbmidies were shown
(Fig. 4A).

The degradation of DNA into multiple internucleosarfragments of
180~200 base pairs is a distinct biochemical haknfar apoptosis. DNA
extracts from HT-29 cells treated with 0.05 and th@/ml of PI-K for 2 hr
displayed a characteristic ladder pattern of disnapus DNA fragmentation
(Fig. 4B). When treated with the same concentrations ok Bbr 24 hr, it
mostly led to non-specific necrotic cell death. D@ der was disappeared and
DNA was degraded.

Redistribution of membrane phosphatidylserine fiibim inner leaflet
of the plasma membrane to the outer surface is amim many apoptotic
cells®. Annexin V has a strong affinity for phospholipidgsiphatidylserine and
therefore serves as a probe for detecting apoptesipidium iodide (Pl) was
added to cultured cells to identify the loss okarity of the cell membrane
which is specific for necrotic cell§reatment with 0.05 mg/ml PI-K for 2 hr
resulted in an increase of the cell population thas positive for annexin V
staining (Fig. €£). However, treatment of PI-K for 24 hr resultechicrotic cell
death.

These results indicate that 2 hr-treatment of Rid{ices apoptosis but
its 24 hr-treatment results in necrosis at the entrations of 0.05 and 0.1

mg/ml.
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0 ) 0.01 _ _ 0.05 (mg/ml)

E ' ‘106 76.6
Zhr

53.9

P1 - o
24hr

Annexin-V-FITC

Fig. 4. PI-K induces apoptosis in HT-29 cell$4T-29 cells were treated for 2 hr and 24
hr with different concentrations of PI-KAY Nuclear condensation. Cells were stained
with DAPI and visualized by fluorescence microscdpy 400). The arrows indicate
DNA condensation in nuclei and apoptotic bodieB) DNA fragmentation. The
oligonucleosomal DNA were extracted and separayegeb electrophoresis. M denotes
molecular weight markerC) Annexin V-FITC and propidium iodide staining. ®lo
cytometric plots of annexin V and propidium iodis&ining showed the increased of

the early apoptosis at 0.05 mg/ml of PI-K. Numbardoxes are % of total cells.
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3. BS1iV induces apoptosis in HT-29 cells
A characteristic ladder pattern of discontinuousADfMagmentation

was observed in HT-29 cells treated with BSfor 2 hr (Fig. 5).

Fig. 5. BSIV induces the fragmentation of intemucleosomal DN in HT-29 cells.
HT-29 cells were treated for 2 hr with 0, 4, 5 a6duM of BS-IV. The

oligonucleosomal DNA extracted and separated byomgagel electrophoresis. M

denotes molecular weight marker.
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4. PI-K and B3V induce apoptosis through activation of mitochoatri
pathway

In HT-29 cells treated with PI-K and BIS- for 2 hr, western blot
analysis showed that the expressions of Bcl-2 amdrBduced in a dose-related
manner (Fig. B8). The ratio of Bax to Bcl-2, rather than Bcl-2 aloris,
important for the induction of drug-induced apopo®\though thelevel of
Bax expression in the HT-29 cells was down-regdlathen exposed to PI-K
and BSHV for 2 hr, the ratio of Bax to Bcl-2 protein expses was increased
by PI-K and BSIV treatment (Fig. B).

To determine the effect of PI-K and B%-on a cascade of caspase,
pro-caspase-9 and pro-caspase-3 expression lewsts detected by western
blot. Pro-forms of caspase-9 and caspase-3 signific were decreased by
PI-K and BS¥V treatment (Fig. 6). Furthermore, the cleavage of a
well-characterized caspase-3 substrate, PARP (®DR{ribose) polymerase)
was detected at 116-kDa for the intact form andkB8&-for the cleaved

fragment after PI-K and B®# treatment.
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Fig. 6. PI-K and BS-IV induce the cleavage of PARRhrough caspase activation by an
increase of the ratio of Bax to Bcl-2n HT-29 cells. HT-29 cells were treated with
various concentrations of PI-K and B®- for 2 hr. Cell lysates were prepared. The
expression level of Bax and Bcl-A)( the activation of caspases and proteolytic
cleavage of PARP Q) were determined by western blot analysis using th
corresponding antibodies. After normalization wiitle intensity of3-Actin, the ratio of
Bax to Bcl-2 protein was determined by comparing thlative intensities of protein
band B).

_25_



5. PI-K and BSV decrease the cell attachment on collagen tyd® and
laminin

Previous studies have reported that HT-29 celle@kvell to ECM
components collagen type | and ty[vé’, and theu,3: integrin has been shown
to be involved in intestinal cell adhesiondollagen type | andv, and laminin
8 We questioned whether PI-K and BS-could affect the attachment of
HT-29 cells tocollagen type |, typdV and laminin-coated plates, respectively
(Fig. 7). PI-K and B3V treatment completely inhibited the attachment of
HT-29 cells to these matrix proteins. The additdmanti-a,[3; integrin antibody
blocked the cell attachment to collagen typend typelV-coated plates,

respectively, not laminin-coated plates.
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Fig. 7. PI-K and BS{V reduce the adhesion of HT-29 cells to the variowextracellular

matiix components.HT-29 cells (7.5< 10° cells/well in 100pl) were added to collagen

typel (A), collagen typelV (B) and laminin-coated plate€) and left to adhere for 1

hr at 37 C with anti-,(3; integrin antibody and different concentrations ¢&Pand

BS-IV. Attachment activity was quantified by spectrommoétric analysis at 570 nm

after staining of adherent cells with crystal viol€ell adhesion to BSA-coated wells

served as a negative control. Error bars represeBD of triplicate experiments.

Statistical analysis was performed using studetetst' and differences were considered

significant at * p < 0.05, compared with DMSO-tregtontrols.
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6. PI-K and BSV decrease cell surface expressiorng; integrin

We investigated the effect of PI-K and BS-on cell surface
expression ofiz[3; integrin. Flow cytometric analysis demonstrated thBK
and BSHV caused a significant decrease in the expressianf@fintegrin on
HT-29 cells (Fig. &).

In order to confirm whether PI-K and B%-decreased the expression
azandB; subunits, the cellular level of each subunit wertedmined by western
blotting. az protein level was reduced by PI-K and BS(Fig. 88). Typically, 3
1integrin is first expressed as the so-called "premuform” (105 kDa), which
dimerizes witha subunits and is transported to the Golgi complegmelit then
matures into the 125 kDa form that expresses comiKinked glycan®’.
Treatment with PI-K and B®# altered the ratio of mature form/pre-form by
reducing the mature form of3; subunit and concomitantly accumulating its
pre-form. (Fig. 8).

To determine whether the difference in the eledtowptic mobility
between these tw@, integrin isoforms is due to a different degreetlodir
glycosylation, cell lysates were treated with PN&&S which completely
removes oligosaccharide chains from glycoproteM&stern blot analysis
revealed that treatment with PNGase F converteld tha&t(3; integrin precursor
and mature form to a 86 kDa polypeptide, which egponds to th@, integrin
core (Fig. &), suggesting that these tv& integrin isoforms are glycosylated
to a different extent. PI-K and BB- inhibited the glycosylation of th@:
integrin precursor in HT-29 cells. Treatment withkPand BS1V reduced
maturation of31integrin. These results indicate that PI-K and B&duced the
expression ofa, subunits and the maturation Bf subunits. Consequently the

dimerization ofa, and[3; subunits was inhibited by PI-K and B®%-
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Fig. 8. PI-K and BS{V treatment decreasea,f; integrin expression in HT-29 cells.
HT-29 cells were cultured with varying concentraoof PI-K and BSV for 2 hr. @)
The expression ofio31 complex on HT-29 cells. Cells were dissociated atained
with anti-a3; integrin antibody and FITC-labeled secondary amjbd he logarithmic
x-axis represents fluorescence in arbitrary unit @srresponds to antigen amount on
the cell surface(B) The protein level ofi, subunits and maturation @ subunits. The
expression of a; and 3; integrins were subjected to immunoblot analys@3) The
lysates of PI-K and B3V-treated cells were treated with PNGase F to bltiek

glycosylation of3; subunits before western blot analysis.
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7. PI-K and BSW reduce the activation of integrin-mediated signglin
molecules.
We next investigated whether the decrease integrin expression

during PI-K and BSV-induced apoptosis in HT-29 cells was accompanied b
alteration of FAK and down-stream signaling molesusuch as Src, Akt, ERK
and JNK. As shown in Fig. 9, PI-K and B%+educed a significantly reduction
not only the expression and phosphorylation of FAKt, ERK and JNK but
also the phosphorylation of Src, when HT-29 celisentreated for 2 hr.
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Fig. 9. PI-K and BS{V reduce the expression and activation of integrin-neiated
signaling molecules.HT-29 cells were cultured with varying concentraoof PI-K
(0.01 and 0.05 mg/ml) and BS-(4, 5 and GiM). 2 hr later, cell lysates were prepared
and subjected to western blot analysis using speaiftibodies against FAK, Src, Akt,
ERK, JNK and their phosphoforms. The figure is jpresentative of three independent

experiments with similar results.
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8. BSIV accelerates the degradation of FAK, Akt, ERK ahKJ

To determine whether B8#-induced reduction of cellular FAK, Akt,
ERK and JNK levels was due to the degradatiorhe$e protein by protease,
we investigated the FAK expression of HT-29 ceisated with BSWV (6 uM)
in the absence or presence of MG132 (proteasonilgitimf), calpeptin (calpain
inhibitor) and Z-VAD-FMK (caspase-3 inhibitor), msctively. The treatment
of caspase-3 inhibitor significantly blocked thegdmlation of FAK and
phospho-FAK. In addition, the degradation of AkKRKEand JNK proteins was
inhibited by caspase-3 inhibitor, not proteasontabiior or calpain inhibitor
(Fig. 10)
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Fig. 10. The caspase inhibitor suppresses B$-induced degradation of FAK, Akt,
ERK and JNK. Protease inhibitors MG132 (5@M), calpeptin (100 uM) or
Z-VAD-FMK (50 puM) were added into the media 1 hr prior to BStreatment. Cells
were harvested and the proteins were extracted 2fter of BSIV treatment. The

expression of the proteins was determined by westdot analysis using the

corresponding antibodies.
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9.PI-K and BS4V reduce the mRNA level of FAK, Akt, ERK and JNK
expression

To determine whether PI-K and B®-induced reduction of cellular
protein levels of FAK, Akt, ERK and JNK was duetheir reduced transcripts
abundance, the effects of PI-K and BSon the mRNA expression of FAK,
Akt, ERK2 andJNK2 was assessed in HT-29 cells using RT-PCR.nR&A
level of FAK, Akt, ERK2 and JNK2 was slightly reduced by PI-K aRéK
Akt, ERK2 and JNK1 was decreased by BSFig. 11).
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Fig. 11. The mRNA level of FAK, Akt, ERK and JNK is decreased in HT-29 cells
treated with PI-K and BS-IV. Total RNA was isolated from HT-29 cells treatedhaitit
or with PI-K and BSKV for 2 hr. RT-PCR analysis of FAK, Akt, ER&nhdIJNK was
performed as described in "Materials and Metho@sithers specific to the GAPDH

mMRNA were used in RT-PCR as an internal control.
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10. PI-K and B3V inhibit lung metastasis of murine colon carcinoma
CT-26 cells

The antimetastatic effect of PI-K and B%-on lung metastasis was
investigated in spontaneous lung metastasis anim@del induced by i.v.
injection of CT-26 cells to mice. PI-K (Fig. AL and BS¥V (Fig. 11B)
significantly reduced the formation of lung tumardules in a dose-dependent
manner. There was changed neither body weight ettiality of mice. The
increase of lung weight by CT-26 cells injectedamenously also inhibited by
the administration of PI-K and BS-. These results indicate that PI-K and BS-

IV suppress the lung metastases of murine colon canarCT-26 cells.
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Fig. 12. PI-K and BS1V inhibit the metastasis to lung in Balb/C mice.CT-26 cells
(1x10 cells/animal) were injected through the laterdivtein of animals. PI-K and BS-
IV was injected in the intra-peritoneal region withdaily dose for 2 weeks. Three
animals per group were sacrificed and lung tumadufes counted. The result was
represented a mean number of tumor nodules imthieidual mice. Statistical analysis
was performed using a student t' test and differeneere considered significant at *p <

0.05 and **p< 0.001, compared with the cells-aloyjected group.
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V. DISCUSSION

Chemoprevention is an attempt to use either ndyuomcurring or
synthetic substances or their mixtures to intervenethe progress of
carcinogenesfs A vast variety of phytochemicals present in oailyd diet,
including fruits, vegetables, grains and seeds, sigopress the initiation to
revers the promotion stage in multistep carcinogsnerhey also block the
progression of precancerous cells into malignaeto

Apoptosis is an evolutionarily conserved suicidegoam residing in

cells. It leads to cell death through a tightly ukeded process, resulting in the
removal of damaged or unwanted tissue. It alsosptay important role in the
development of various diseases including caficklere, we are interested in
whether PI-K and B3V can reduce the risk of colon carcinogenesis. BhK
BS-IV treatment reduced the viability of HT-29 cellsgFBA and B). PI-K
displayed chromatin condensation (Figy)4a characteristic ladder pattern of
DNA fragmentation (Fig B) andthe externalisation of phosphatidylserin (Fig.
4C). BS-IV also induced DNA fragmentatiom course of apoptosis, Bcl-2 and
Bax play a major role in determining whether celll undergo apoptosis
under experimental conditions that promote celtifedhe ratio of Bax:Bcl-2,
rather than Bcl-2 alone, is important for the suaViof drug-induced apoptosis.
Also, the mitochondrion is a predominant participam apoptosis and the
intracellular movement of Bax induces release ofodyrome c¢ through
openings in the outer membrane, formed as a coesegquof permeability
transiton and loss of mitochondrial membrane piaéh The released
cytochrome ¢ forms an "apoptosome” of Apaf-1, cgtome c, and caspase-9,
which subsequently cleaves the effector caspabedur studies, PI-K anBS-

IV induced an increase of the ratio of Bax to Bclh2, proteolytic cleavage of

PARP and subsequent activation of caspase-9 andagmase-3 (Fig. 6),

_39_



suggesting that PI-K and BS-IV-induced apoptosis involve the
mitochondrial-mediated apoptotic pathway.

Cell attachment to the ECM proteins has been rdezednas an
important event in the inhibition of apoptdéiRecent study has asserted that
the reduction ofuz(3; integrin expression and functional activity is asated
with induction of apoptosis in poorly differentidteuman colon cancer SW620
and LS174T celfS. Moreover, up-regulation ofi.; integrin cell-surface
expression protected A431 cells from epidermal dgnowactor-induced
apoptosi&’. In our study, PI-K an@S-IV showed a marked inhibition of HT-29
cell adhesion to extracellular matrix proteins f@oéntype |, IV and laminin)
(Fig. 7). In PI-K and BSV-induced apoptotic process, PI-K and BSreduced
integrin a3, surface expression (FigABanda. integrin protein level (Fig B)
and inhibited maturation db; integrin by blocking its glycosylation (FigC3.
These results suggest that disruptionf; integrin-ECM interaction in HT-29
cells is at least a partial inducer of PI-K and BSmediated death signal.

Integrin-matrix interactions regulate cell growtindaapoptosis by
initiating signal transductidih Some chemopreventive drugs, caffeic acid
phenethyl ester, sulindac and butyrate, induce tagpin HT-29 cells through
the inhibition of integrin-mediated signaling patys> * We therefore
initially doubted whether the decreaseniif8; integrin expression during PI-K
and BSiV-induced HT-29 cells apoptosis was accompanied ligyations of
FAK and down-stream signaling molecules Src, AlRKEand JNK. We found
that PI-K and BSWV was markedly reduced total and phospho-form of FAK
Akt, ERK and JNK, whereas they reduced the phogpéioon of Src (Fig. 9).
We doubted whether degradation of FAK, Akt, ERK aMNK was a cause of
reduction in the amount of those. FAK is a substfat the calcium-activated
neutral protease calpdin On the other hand, benzoquinone ansamycin

geldanamycin has previously been shown to stimpatéeolysis of FAK by
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the proteasonie FAK also degrades during apoptosis by activatshas®.
We investigated the levels of FAK and other sigmainolecules in the present
of MG132 as a proteasome inhibitor, calpeptin asabpain inhibitor and
Z-VAD-FMK as a caspase-3 inhibitor, respectively-VAD-FMK largely
prevented the FAK and Akt degradation induced by Rind BS1v, while
MG132 and calpeptin did not (Fig. 10). These figdinsuggest that
caspase-dependent proteolysis might be involvedh& PI-K and BSV
-induced degradation of FAK, Akt, ERK and JNK.

Furthermore, we analyzed the transcript abundaric€AK, Akt,
ERK2 and JNK1/2n HT-29 cells treated with PI-K and BS- The mRNA
levels of FAK,Akt, ERK2 and JNK2 was slightly reduced by PI-K dralK,
Akt, ERK2 and JNK1 by BSV (Fig. 11). Our data indicate that the reduaed
B1 expression and the degradation of integrin-mediatgdaling molecules by
caspase-3 play a key roll in cell death inducedPb¥X and BS#V, although
their mMRNA levels in the HT-29 cells were down-rizged.

Metastasis is a sequential process in which turaits detach from the
primary growth, invade through the surrounding hsstue into the circulation
and subsequently disseminate to distant organstewthey arrest, extravasate
and proliferate to form metastatic foci. Any drdwat can inhibit one of the
steps in the cascade will be useful in the intobitbf cancer metastaSisMany
studies have been trying to develop a new anticadceg from natural
products. Curcumin and catechin have been repdddiave anti-metastatic
activity on B16F-10 melanoma cells in niite Xanthorrhizol, a natural
sesquiterpenoid frorCurcuma xanthorrhiza has an anti-metastatic potential in
experimental mouse lung metastasis nfodel our study, Pl-K an@S-IV also
inhibited the formation of tumor nodules in lungtastasis induced by CT-26
cells (Fig. 12).
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V. CONCLUSION

In conclusion (Fig. 13),PI-K and BS-IV strongly decreased the
viability and induced apoptosis in HT-29 cells tiigb mitochondrial dependent
pathway.PI-K and BSIV induced proteolytic cleavage of PARP, decreased the
pro-caspase-9 and pro-caspase-3 and accompaniedraase of the ratio of
Bax to Bcl-2. In addition, PI-K andS-IVdecreased the attachment to
extracellular matrix (collagetype I, IV and laminin) in HT-29 cells through the
reduction ofa,3; integrin. PI-K and BSV treatment also reduced the activation
of FAK, Src, Akt, ERK and JNK, and resulted in tbegradation of these
integrin-mediated signaling molecules.

Moreover,PI-K andBS-IV inhibited the formation of tumor nodules in
the lung metastasis induced by murine colon ca@de26 cellsin Balb/C mice.
Our findings suggest that PI-K and B%-possess the antimetastatic potential
by inhibiting the survival and inducing apoptosidHT-29 cells.

Taken together, PI-K and BIS- might be developed as an anticancer

chemopreventive agent.
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apoptosis in human colon cancer HT-29 cells.
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ABSTRACT (in Korean)

TE32 oA 2 ¥ buddlejasaponin IV 2]
gt Aol s AXAE fF= g3

gohe AAAOE G EF obd o Fol shubmA ATl A
;

g
Farsol HEA Seuel s W wa
o #He

Fo] AA?’ =719

dHA A 28y FF2 9 BS-IV 9 & o 2 ddEs 2
71l dHE A= AZA Holxl Aol fl

AE7F BAES7] Halide AE7E AEQ 712 EHsto] Az 7

A3 AMEZe] 434S (interaction)o] Faatm, Alx FFo] 44
< AEZAE Y YA F stvtolth. H B integrin M dHY ATt

NFgGAE] AZAPES ot Bart Hol
® AFAME F5A AY F FEE 2 BS-VE diddel g &
WAz JHEetz] e, A HAGAEFTA HT-29 AlZAA 5

| FE%E3 BS-IVY integrin W7/ AlEAN T HAEAS FA o2 ZE

=

(



AT o dolrh o]l fE FE A ¢ HeE

rh
a2

52 FEES WASAELA HT-29 Alxe] =S &3 9
2 aAAer, o] Fm= DNA° ¥4, phosphatidylserine®] -
Lotttk BS-IV A AEY AEES FHAA7]3L DNAY
A2 dode ASE Fdsdd. F5A FEE3% BS-NVe
Bax/Bcl-22] H] &8 ZF7}A|7]3l pro-caspase 39} pro-caspase 9%
st Ao =H PARPY 24 E FEAT. olgd AR FFH
FEE3% BS-IV7I mlEZ=gote EHom AIAES F=
= kA
FTEA 9 BS-IVeE AlEe 7]&d9 waad A EQl collagen I,IV 17
3L lamininol] g Aok ALY FEH
FWol a:B; integrin® YdALE THAA

=
= caspasesES A 3AIA Ao TR T E HUE FAK,

=

daEs w0 FEX, buddlejasaponin IV, A EEF, A EANE, A
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