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Caspase-dependent and Akt-pathway Regulated Rhus Verniciflua Stokes Extract-induced
Apoptosis in Human Breast Carcinoma MDA-MB-231 Cells

Sang-hoon Hong, Sang-eun Park
Dept. of Korean Internal Medicine, College of Korean Medicine, Dong-Eui University

ABSTRACT

In Korea, Rhus verniciflua Stokes is used to purge hardness, alleviate blood stasis, and treat cancer. However, the mechanisms
of related anti-cancer activity are not fully understood in human cancer cells. This study investigated the anti-cancer effects
and mechanisms of Rhus verniciflua Stokes on MDA-MB-231 human breast cancer cells and found that treatment with a
Rhus verniciflua Stokes extract resulted in time- and concentration-responses that indicated growth inhibition of breast cancer
cells by induced apoptosis. This was followed by a decrease in mitochondrial membrane potential: the activation of caspase-3,
-8, and 9. and the up-regulation of tBid. Caspase-dependent apoptosis was induced through the inhibition of phosphatidylinositol
3-kinase (PI3K) and the Akt signaling pathway. This study provides evidence that Rhus verniciflua Stokes might be useful for

the treatment of breast cancer.
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1. A|2ZH]

B Ao AH4E XEE 25 SAZ 24 (F)
FEEdA AAE F2 S FE ARSE)
Aok A% 2] AR 53 Al 10-1228119%,
53] Al 10-0763320%l &7 3ke] A 2H A FH]
H XEx £79 & 100 mg/ml®] stock solusion
o7 ME gg o]F (~500 pg/ml FEE wjA el
5]X3te] A3ttt

2. NI HHSk

B Age] AR oA 59 MDA-MB-231
M Z%E American Type Culture Collection(Rockville,
MD, USA)ell A 25 o} 10%2] -l o} & A (fetal
vovine serum, FBS) % 1%2] penicillin ¥ streptomycin
o] 2%l RPMI-1640 ¥jA](Gibco BRL, Grand
Island, NY, USA)E AH&-3ted 37 C, 5% COp &
71 shell A wlj oFatsiet.

3. MTT assayE St MZE SAIAM| Z=A

XE Azl 9Jst MDA-MB-231 Al 22| 4] 1]
A= g3 2alstr] $13ke] 3-(4,5-dimetylthiazo
1-2-y1)-2.5-diphenyl-tetrazolium(MTT) assayS o]
a9tk o2 915kl MDA-MB-231 A=l 15x10°
3} 3x10° cells/well 2 6 well plates] & & 2447
A3 Fo HA Fxo XEE At 24417
T RBAZE T ek F owjAE AlA sl

MTT(Sigma-Aldrich Chemical Co., St. Paul, MN,
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EE0| PI3K/AKT A=

ZE E8t caspase 2/EH apoptosis FHol| O|Xl= L&t

USA)E 05 mg/ml =2 3Msle] 2 ml¥ &

3} 37 TellAM 2417 &<k oA v oFalodt HH"J

o] Bt & A5 A A3t dimethyl sulfoxide

(DMSO Sigma-Aldrich Chemical Co.)E 2 ml¥
BF3lod welloll A formazing ZF 59 ¥ 9%

Well plateel] 200 pl® 744 ELISA reader(Molecular

Devices, Sunnyvale, CA, USA)Z 540 nmelA &
FEE A3

4. Flow cytometryE 0|&8t apoptosise| H&A M
2 % XEZF 23H5 v Aol A 24, 48717 &
o wjsFAlZl MDA-MB-231M1ZE5& PBSZ Ao
‘41_1_ 0.05% trypsin-EDTAE Az|ste] HHAIZ
< 2,000 rpmo.2 5E7F LA Bt A=
M| A EZETE B9k} oj7]e] BhA] PBSE d }
slo] 253 A2 ohg 2,000 rpme 2 5E7F Y4
g 3 & Ar=alvl w2 g2 A Ee CycleTEST
PLUS DNA REAGENT Kit(Becton Dickinson,
San Jose, CA, USA)E o] 43le] 14 o A&
3pe] 4 C, Aol A 304 59 uks-5 A7) o2 DNA
flow cytometry(Becton Dickinson. San Jose, CA, USA)
o] A8 BukSol w2 histograme cell quest-pro
(Becton Dickinson) T2 oz Bz}l

5. Flow cytometryE O[&gtH Mitochondrial membrane

potential B3} 24

6 well platee] 15x10° cells/well HE2 <A
MDA-MB-2IMEEE& EF3ted 24A12F F<F <t
A7) o5 XEE A2 ahodet. 8A1207H4] i
3 2 AETE PBSE Mol W 0.05% trypsin-
EDTAE Azste] H{A17] o5 A4EeE 3
of A ZE B3 o|FA Bol AZelA AFdS
AAZ F 10 uM®] FEE TRl wickd S 1
ml¥ £33} pipettingdt ¥ 37 T A Z v 7]
0% F<k JC-1 dye2 Gl gA4E AEE
nylon mesh® A% shp¥ ez EejA7] 3 DNA
flow cytometry(Becton Dickinson)ell -8A1A 3§



kLol wE histograme cell quest-pro(Becton
Dickinson) T2 13} o 7 BAsIIc)

6. DNA fragmentation2| £

£ M Zol apoptosis7} =S W FEL
4 9] DNA fragmentation®] £4S ¢Jste] A
A} 2 XEZF A2 vjA] oA 48A)17F E<F wlj okl

A EE Eo} lysis buffer[5 mM TrissHCl(pH 7.5),
5 mM EDTA, 05% Triton X-10015 4 CellA 30
27+ st 2 % 14,000 rpmel A 2083 4
Al EE)sha, I Aol proteinase K(Sigma)E 0.5
mg/ml® =2 AEg oF 50 TolM 327 <t
HHS-AlF e % phenol: chloroform:isoamyl alcohol
&3t $4(25:24:1, Sigma)S H7Fsk 30%7F rotate
Al B 14,000 rpmell A 1087 441 E=]8ksd
ok 7| defAl Ao AA S isopropanol
(Sigma)#+ 5 M NaClE #7lsldel 2447 A=
B B3gE 214,000 rpm, 4 CTellA 3087 YAl
2 A7 F ASAE #Ely, RNase A7F A=
E913l= TE buffers o] £3lo] pellets Ho]3 o
71 6X gel loading dye(Bioneer, Korea)E 4j¢
Fot. 15% agarose gel& HEolA 17 7}k
50 VE #7195 A7l % ethidium bromide(EtBr,
Sigma) 2 GA3te] ultra vilolet(UV) 3oll A A
Hogsloint.
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7. Western blot analysisoi| 2|t CHHE! Eb5

o 24

W2 9 XE7F 235 wiA|ellA 4847 5t
wlFA17] MDA-MB-231M 5% PBSZ Aol W
T 0.05% trypsin-EDTAE A28t A7 o
+ AL E 3t AZE B oA EepAl
Ao A lysis buffer(25 mM Tris-Cl(pH
75), 250 mM NaCl, 5 mM EDTA, 1% NP-40, 1
mM phenymethylsulfonyl fluoride(PMSF), 5 mM
dithiothreitol(DTT )15 A8k 4 TellA 147
Sob wheA17l & 14000 rpme2 3087 AR

2lated 1 AFZdE FHspoleh ASAe] A 5
=% Bio-Rad @A A Al°K(Bio-Rad, Hercules,
CA, USA)3 2 Ahgwbwel wat A & o &
29| Laemmli sample buffer(Bio-Rad)E 4]¢1A]
samples THEQITh oA THE FEFo] chilAl
sodium dodecyl sulphate(SDS)-polyacrylamide gel
o] &3} A7]gF oz Felslgch e i
-f-3t acrylamide gel< nitrocellulose membrane
(Schleicher and Schuell. Keene, NH, USA)o=
electroblottingel] 2l A o]AI7l %, 5% skim milk
3H-8F PBS-T(0.1% Tween 20 in PBS)ol &+
Ao A 1A17F A% incubationdle] B]E-o] A
whl A Eof] o8 blockingE AlAEt1 PBS-TZ
158 A= A3 £8]% membraneo] 13}
antibody & 2] 3te] Ao A 24)7F o)} == 4 T
oA over night A1 ©& PBS-TZ AH3stx A
2]%l 13} antibodyel %+ 23} antibody® A3}
of Aol A 1417 A= 9He-A Ao o] PBS-TE
M A3t x Enhanced Chemiluminoesence(ECL) £
(Amersham Life Science Corp., Arlington Heights, IL,
USA)& A4A1Z] v $AelA X-ray filmel] 7H3%
A EATA L] oFs EA 3l

o o

e 2 mlm

8. EH Mzl

2E AYEHE JEEANE BARYT
SigmaPlot(Systat Software Inc., San Jose, CA, USA)
S o] 43} Student t-testS o] &3] EAA &
g Qg

m. 2 =

1. MDA-MB-231 RHftA| x| ZAl0f| O|Xl= XES

Oﬂol:

AA SHFe MDA-MB-231 Ml ZolA XE A2
| o3t A E =4 A FAE A8 Y8t
ol XEZ 100~500 pg/ml 5 24, 48717+ £t
A2]gt & MTT assays A5tk Fig. 1A 2
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oI FULME MDA-MB-2310A ¥z FE=0| PIBK/AKT tI2Z=

o]:= ule} Zto] XEE 200 pg/ml 48417 A 2]l
MEE] $A A "ol vEeR}r] AAtste] XE
Al = 9 Agte] F7HEe whet fet AE
o] SAAA &3y}t FrkEE Ao FlHH &
3] 48A17F ¢+ 400 pg/ml H 500 pg/ml A
olME b7k oF 69% 9 83% A= dAT F4]
A =HE el & 4 9k

ul

£ E5t caspase 2/Z=X apoptosis SO 0|X= H&

XE Azlel 9Jst MDA-MB-231 ¢lA uksh Al

29| 22 9A7} apoptosis &I A o] gl=
215 ZA8L7] 88kl PI A4S o] &3l flow
cytometry ¥4-& AAg A} XE 244 7F 22
ol M= apoptosis?k ZA F7F F A kAT, 484]
7t APl Me XE w5 371 wek e
M Z2] apoptosis7t HA3] F7tEE Zleo] FelH

AeH(Fig. 1B). o]+ 734«1 ujet XE Aol o3
2. XEO|| 2|8t MDA-MB-231 FEI2EM|2E2| apoptosis MDA-MB-231 <14l fuket Mzl 24 JA=
e apoptosis ol 98t AULE el & & 9sich
B) 35 *
A o .
= 100 . . % - -
E 80 T *
E 60 % 15 « . N
% 40 g 10 . * *
(4] =T
20 5
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RVSE (pgiml) RVSE (pg/ml)
Fig. 1. Effects of RVSE on the cell viability and apoptosis in MDA-MB-231 human breast cancer cells.

The cells were seeded in 6-well plates at an initial density of 1x10° cells per well and treated with the indicated
concentrations of RVSE for 24 h and 48 h. (A) The cell viability was measured by the metabolic-bye-based
MTT assay. (B) For the quantification of apoptosis level, cells were collected, stained with PI and analyzed by
flow cytometry. The data shown are means+SD of three independent experiments. The statistical significance of
the results was analyzed by Student’s t-test (*, p<0.05 vs. untreated control).

3. Bel-2 familye] &sd 3! mitochondrial membrane
potential(MMP)Ol|l O|Xl= XEQ| &

XE A&l 9Jgt MDA-MB-231 1A 549k Al
29 ZA] 9|7} apoptosis LI AR*A o] gl=
< &l 3si7)el, ol<} A= apoptosis®] 714
A& 95t apoptosis®] FL& AR LAl
cl-2 family A e] Lol vz XES 33k
< 22kl Fig. 2A0] Jebd wke} 7bo], anti-
apoptotic ©iA 2 &de]A Bel-2¢9 Bel-Xpol=
XES| A7t ZA sk ]7‘]?‘] EoxAEL B 2A
¢l pro-apoptotic A<l Baxi XEA el &) 3
7kEE Aol = —f“& °P/] 2} apoptosis 71

¢

Od;.a»ﬂ-n

412

Aol A WA 71x3 ¢)eld 7149 94 1E2
2+ 4-31= whil Al el Bid9 trucated Hel7F XE 500
ng/ml AFellA A8 F7HEE Aol FelEsl
o}, o8t Bel-2 family $H29] W W= A2
W oA AA7]3He] mitochondrial®] membrane
potential 3&F-& WAl =&d, ol wtet XE A
2ol 93 mitochondrial membrane potential(MMP)
o] H3}= flow cytometry ¥A8% A3}, Fig. 2Bl
Al Vel whel 7ol XE 400 pg/ml & 500 pg/ml
A2l FoAM MMP7F 242 <F 33% ¥ 81% A=
AAEE S AT F sk
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Fig. 2. Effects of RVSE on the levels of Bcl-2 family proteins and MMP values in MDA-MB-231 human

breast cancer cells.

(A) Cells were treated with the indicated concentrations of RVSE for 48 h. The cells were lysed and then equal
amounts of cell lysates were separated on SDS-polyacrylamide gels and transferred to membranes. The membranes
were probed with the indicated antibodies and the proteins were visualized using an ECL detection system. Actin
was used as an internal control. (B) Cells grown under the same conditions as (A) were stained with JC-1 and
incubated at 37 C for 20 min. Mean JC-1 fluorescence intensity was determined using a flow cytometer. Data
are reported as means+SD of three independent experiments. The statistical significance of the results was
analyzed by Student’s t-test (*, p<0.05 vs. untreated control).

4. PARP, Caspases?| &sd &

A

o502 apoptosis el SlolM F23 9
S 3= Aoz delAl caspase-3, 8 P 99 ¥
2 Aol w X XES 93 A Fig
3A % Bell viepd vie} Zo] XEQ| AHzlol &3le
initiator caspase® A&l caspase-99} effector caspase
2 2R caspase-39] BAFH A Jeh}x|
AokARE AA A Lo HEFE oEH
22 A3 AT Ao FAHUS Bt o}
Yzt 24 &4 94 F7kEE Aol FlEHgH
caspase-32] 7] A2 2 A DNA repair} genomic
stabilityel #edd}= poly(ADP-ribose) polymerase

adof bixl= XES

(PARP) A o] i3] dAbo] A=}, Hut
olz} w=o}E initiator caspaseql caspase-§ <A

% XE Aglel wpet w8 7hael 2434 F77)
shelEolor, o= Sl A elA tBid S7kek #
Aol 9l AR AsH) o] Ao we
XEel 2|3t apoptosis Z7F= caspase 2|&# o] 7
25 FalA dojdthe A e & & 9ddle
o, o]5 #als}7] 918 pan-caspase GAAZ &
224 z-VAD-fmk 50 pg/ml A Azls & A3}
XE 400 pg/mlel &3] =715 DNA ©93e} A=z
AEE a7t I5EE A g & 4 9dsdd

(Fig. 4).
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Activation of caspases and degradation of PARP by RVSE in MDA-MB-231 human breast cancer cells.

(A) Cells were treated with the indicated concentrations of RVSE for 48 h. The cells were lysed and then equal
amounts of cell lysates were separated on SDS-polyacrylamide gels and transferred to membranes. The membranes
were probed with the indicated antibodies and the proteins were visualized using an ECL detection system. Actin
was used as an internal control. (B) Cells grown under the same conditions as (A) were collected and lysed. In
order to assay in vitro caspase activity, aliquots of cell lysate were incubated at 37 for 1 h with DEVD-pNA,
IETD-pNA. and LEHD-pNA as substrates for caspase-3. -8, and -9, respectively. Released fluorescence products
were measured. Each point represents the mean+SD of representative experiments performed at least three times.
A Student’s t-test (*, p<0.05 vs. untreated control) was used for analysis of statistical significance of the results.
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Inhibition of RVSE-induced apoptotsis by pan-caspase inhibitor in MDA-MB-231 human breast
cancer cells.

(A) The cells were incubated with or without pan-caspase inhibitor, z-VAD-fmk (50 uM), for 1 h before treatment
with RVSE for 48 h. The genomic DNA was extracted from cells and then electrophoresed on a 1.5% agarose
gel, and visualized by EtBr staining. (B) The cells grown under the same conditions as (A) were evaluated for
cell viability by MTT assay. Data are reported as means+SD of three independent experiments. For statistical
analysis, t-test was performed (*, p<0.05 vs. sanguinarine treatment).



5. PI3K/Akt ZZo| &aiof O|XI= XES| Z& PI3K/Akt 7427 ¥ A& &l & 5 9

geo® Az A4 9 o R o) 2
AzAd A2 2 o)zl PI3K/Akt 722 Lol

Ll Aem, olF oAl galshr] fs PI3K A=
oFefAl LY294002F 5~20 uM<& A A2ste] &

u] X = XEol| 3kl djs] zAlslgic) Fig. 5A 9 A3, XE 400 pg/ml AzellA LY294002 5=
Bel viehd uhsh o] XES] A7) ) Azrel  E7lo) mheh MMPE| 4% DNA Bsh} 271

7F @5 Aktel Akte] A dAksE Akt =
ya

el el Helew, Ax AEE A o5

9] Whgo] Az = 7ZE el & 4 g8l 9 AAaEE S gl o (Fig. 6).
Arol Azlel uwhet XEell 93 apoptosis 27}l &

Fig. 5.
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Inhibition of PI3K/Akt signal pathway by RVSE in MDA-MB-231 human breast cancer cells.
(A and B) Cells were treated with RVSE for the indicated concentrations and times. Cellular proteins were
analyzed by Western blotting to investigate thee expression and activation of Akt with the indicated antibodies.
Actin was used as an internal control.
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Fig. 6. Involvement of the PI3K/Akt signal pathway in RVSE-induced apoptosis in MDA-MB-231 human

breast cancer cells.

(A) The cells were pre-treated with LY294002 (5~20 uM) for 1 h and then challenged with RVSE for 48 h.
Mean JC-1 fluorescence intensity was determined using a flow cytometer. Data are reported as means=SD of
three independent experiments. The statistical significance of the results was analyzed by Student’s t-test (*,
p<0.05 vs. untreated control). (B and C) The cells were incubated with or without LY294002 (10 uM) for 1 h
before challenge with 400 ng/ml of RVSE for 48 h. (B) For the analysis of DNA fragmentation, genomic DNA
was extracted and analyzed on 1.2% agarose gels. (C) Cell viability was assessed by the MTT assay.
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oI FULME MDA-MB-2310A ¥z FE=0| PIBK/AKT tI2Z=

v, 1 &

grolstoll A B> HEMRIE SEIRAREH Jm'”‘fﬂl
g8t B, $1Ae RS I A R K
i, F D L Sl 4R

£ oAFeAE QA g MEFd MDA-
MB-23141 28] A7 el vl XES| 38k} apoptosis
Sl ok FekEst g Sbr)AE 2AeR
o] 5 $l3ted A H XE7F g wiAlellM 24 2
48R Tt s S EES doE AEE
9 =4 ‘”Xﬂ b c.g— }j}‘ Az}, A AR R o) A

2 MDA-MB- 231 HIE/] AEE 1A P4 1w =

N,

Fhe ez vehdeh(Fig 14). ol2jdt A4&%
2 9 FA qA dAdel apoptosis
AfAd o] s=AE sy st FAEE
715 o|43ke] apoptosis i Al EFo
sub-Gl7]dl| &3l AN ZES H=E AT 2
XE& AZsA dsks A5l vlste] XE A
o} AlZbe] F71e whet sub-Gl7]el s dEt
A Z7h AR F7lskdek(Fig. 1B). o4
AHE AR XEe| ¢ MDA-MB-231 A%
o] AEE Fae A AAY g At >
apoptosis F&3 WA A e] Q= ZAoR AE
e},

Apoptosis= AES] WA A 2AA
obe} A °?<] °ﬂ Q3 ¢ 3

rlr oMo _13’.. pol oy

A AZE s A0 dEA 9lom, sz
S 53 oF A= 9ol apoptosis®]

el 5t A 02 A7hEe] AT ApoptosisE
el AEE A YA Sad os &4
3} =& extrinsic pathwayel Weld L4 <3|
A 3lE= intrinsic pathway® FEHo]x] =1,
extrinsic pathway: DR4, DR5 ¥ Fas §3 2=
Nz 44 TRAILZ Fasl 53 22
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£ E5t caspase 2/Z=X apoptosis SO 0|X= H&

g)zk=7t Adsted caspase-8S BAEATIA H
3, BA3}E caspase-§ A AHHOE caspase-3
BAAA apoptosisE FLsle Aoz deA 9l
. Intrinsic pathway®] 7S$-oll= 33tebE UV,
AR Sol| o8] M E9] &AM fdel wlel o]
szeeole] 7)% ojAbe] S oz AlztEnh,
Intrinsic pathway+ Bel-2 family sh¥ =S 2]sj
ZA5 =9, Bel-2 family= Bel-2 % Bel-X, 59
anti-apoptotic % 2t¢} Bax, Bak. Bad. Bim ¥
Bid 52| pro-apoptotic +AAZE FA = o] 3,1 omn,
anti-apoptotic ¥ pro-apoptotic FAAEE FZ
2 B]$o| wa} mitochondrial membrane potentlal
& zAsE Aoz ¢4 g’ I Bd-2
family® Bidx extrinsic pathway$} intrinsic
pathway?] Atzz2H8-& wisfsls shiid g A3}
k3l caspase-8°ﬂ o3 ze]olA tBide ez v|E
ol o]%§3}o] intrinsic pathwayE A3
/‘17]‘;}“  dFelre XE Al o3 fos
apoptosisell w8t apoptosis pathway7} o3l
A Fald # Ay, XE AsE S/ wehA
o2 Bel-2 family> A W37t 9lgiA9 Bide
XE = &+ oz 74Fgen, XE 500 ug/ml
TEoAA tBid A dAA3] 7+ =K (Fig.
2A). ¥4t oly 2} mitochondrial membrane potential
“A]E_ tBide] & '} v FaEE A
< & 4 9ATH(Fig. 2B). o|Ate] Ao uw}
E}H XEell €8t MDA-MB-231-54 A 2] A Z
Al -2 extrinsic pathway$} intrinsic pathway2] A
k2 erd‘l‘ﬂ] o ftEltty A 7hE oAl
© 2 apoptosisrdel] AAAQ H&-e
?'F]T caspase= initiator caspases ¥ effector caspases
2 FEF A=Y E3] effector caspased] caspase-3
o] A9l extrinsic pathwayel] 2]3te] 43s}s=
initiator caspasesql caspase-83} intrinsic pathwayell
9]ste] A 3}bE]= initiator caspasese! caspase-9¢]
ozt A3 H o8 FF A A ES>

£agro 2 A apoptosisE FtelE 23 FAA



2 o)A o, FA3HE Caspase-3= ME 44
Aol 2H8-5= PARPS} 22 71 A=kl A cleavage
AFIAY E3A1A apoptosis FEEHE AR &
A4 dal. mea B AFexE XEdl 9%
apoptosis frtell A caspase’d 29| IS FAlst
A3}, XEAEel 98] 7 caspase?] &A¥ whA
.__7]»_ J/]-;LE];(] oLo]—x]u]- Ei‘___}}ﬂaﬂ 1;].1'4 =z o HE]-
o] ZtadtE Ao el & 4 glgler, 4
A A= Z7kEE A Falsd(Fig. 3). ¥
ok ol2} caspase-3¢] 7]t Ael PARP ©¥
37} XESE &M fUEE ZoR T
4 AsATH(Fig. 3A). XEell 98t apoptosis 77}
caspase 2]EH o] H2E EdfA dojdti:s e
3}el5}l7] 918 pan-caspase QANA1<¢l z-VAD-fmkE
XE°JI Axzls] 2 A3} DNA ©8isie} fzgEs
darth 3EEE A gl & ¢ s (Fig 4).
°V‘J’ o] AzE B XEel <3 MDA-MB-231
-ﬁ-‘%} IA ] N EAPE S caspase 7 2ol oJEH O
FLEE R AlsE R,
PI3K/Akt HlE A ZHLA = Az &3} 43
& zASE AE AZAGAZ o DRYIA A
14402 waEe] Az AR FHA9
43S Ex151 dhdell, apoptosis 4 #H3
AR ste] G ES TS vy ¢
AA Ik, ole] AEA MLE T e T FA
59 203 Ex $Axz Aty g = o
Tl M= XEell 23 apoptosis el A PISK/Akt
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315l Aktel pAkte] o] FAdE Aoz el
& & 3leH(Fig. 5). ¥4 obJg} PI3K/Akt A E
Az ALA L JAAI Q] LY2940028 XE9}F 7ol A
2 A MMP9] 74, DNA ©3izte} Alz& s 7+
27F S7HEE 22 )k (Fig. 6). o4
AHE Ed|AM XEel €8 MDA-MB-231 4t
A A EAPE] PI3K/Akt A EAZAZTA 3
HeAvE s FAF & ek
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