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by Diallyl Disulfide in Human Colon Cancer Cell lines

Tae Myoung Kim', Jae Myun Ryu’, Hyun Jung Kwon', Koan Sik Woo?, Heon Sang Jeong?,
Jin Tae Hong® and Dae Joong Kim'

'College of Veterinary Medicine & Research Institute of Veterinary Medicine,
’Department of Food Science and Technology, College of Agriculture,
3College of Pharmmacy, Chungbuk National University, Cheongju 361-763, Korea

Received December 17, 2005; Accepted December 21, 2005

ABSTRACT. Epidemiological and laboratory studies provide insight into the anti-carcinogenic poten-
tial of garlic and its constituent compounds. Garlic is appealing as an anti-carcinogenic agent due to
its ability to induce apoptosis in vitro. Diallyl disulfide (DADS) is one of the major components of gar-
lic that used to determine inhibition of cell proliferation and induced apoptosis in human colon cell
lines. In this study, human colorectal cancer cell lines (LOVO, HCT-116, SW-480) were exposed to
DADS. The inhibitory effects of DADS dose level more than 50 uM in the cell viability of all cell lines.
Cell growth activity inhibits of human colon cancer cell lines. The inhibitory effects of DADS dose level
more than 25~50 uM in the cell growth using MTT assay. We found that DADS may have the apopto-
sis action (chromatin condensation, DNA fragmentation) using DAPI staining and increased the
expression of caspase-3 at the dose level more than 100 pM, decreased the expression level of p-
catenin at dose dependent in the western blotting. We suggest that DADS may have a potential can-

didate as cancer chemopreventive agents.
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2 F3 YU} 1844d 549 582t Wertheim©] steam
distillation& B3] S22 garlic 0ilg #2313 &
st wlse] PR FUIRIEEYS WA 9
of FshAl AF7t AlZ HUk mheoll= gelil(allicin,
etg)2l(allin) 22 2r)Y(scordinin), Zdo}E (creathine),
g et (allinase), EElElol)(allithiamin, 24 vitamin
B1), AlZvkgE(germanium), AdlE{selenum) 5 <& 7t
] AHo] gieoldtHKwon, 2003). &el4l(allicin}
Ga2tast grFzhgo]l lgo] daix glom(Barone
et al, 1997), a8 7143 s8Ee| Fa8 dA
ol Ao 7 FZ2H o3 YtHO'Gara et &/, 2000). vk=
o] gebatgof isie SY, olgeol, ZgloA o|F
ozl gFAtel el oish GellET ZANAT
vel} itHChallier et a/, 1998; Klipstein-Grobusch
et al, 1998). &t 1= lowaolld el S-S =ALEH
A3 ves A5 JHske ARIAE 35% T4AEk
= 1ot low(Steimetz et a/, 1994), azoxymethane
oz e Fue HEoA HPEHS Eivke B
371 UHSengupta et af, 2004). SEAHES T3 4%
A7V delale] et a3 2 SR JFAA &3
£ dSshe Q77 wol B =3 3loH(Fleischauer et
al, 2001), mkeol APAEAREE sl AT A7 o
okstAl A7 Ut Garlic oike Foll oJs) o8] £9
AMze srER Wt AR o] Wa X tHBlock et al,
1992). Golu thg Zald Wl 23] ojatE o=z ¥4
H9E A8 AESe] dgaAE vehie AeE A
ZrE] 3L

B AFAME mHse] f71523HES diallyl disulfide
(DADS)7} Abeel ot AlZ S0l vXe F3e &
olZo gy AEFAgRe FHay ZA slof 71ZH
A8 E AAstaAt shith.
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=9 F3HE 238 = dially disulfide(DADS)=
Sigma(Saint Louis, MO, USA)ZHE] 7938le] ALg-3}
Atk AEFE AN fE YA EYS LOVO, SWA4SQ,
HCT-116S =Al2FE3)(KNCC, AM2tgta oz s
AATL)0ZHE BoF wol AREsIATE AEXZE 10%
fetal bovine serum(FBS), 100 U/ml penicillin G, 50
pug/mi streptomycing 71t RPMI1640(Gibco Co.
USA) Wiz & AMg-3te} 6% CO,, 37°C #ig7lolA i<k
dhon, AE "Uxrt ZolAW BEZF trypsin-EDTAS

gl ate] AliulF skt

M=o §Ey ar&

AEe] AErt 70~80% olide] HW 24 well plate
o] 2x10° cells/ml®] AEE 1 mi¥ EF3ld 5% CO,,
37°C wig71olM 24717 Bt vlgst & FAUE A
E WAL ASE WA 84t 2} wellol] EoFATh
ol& 247 F&F wieket H 7 wE, A7hE ARl
A S FednAer A3t x 10004 AL #d5)
o
AR

MTT assay

AE AEES Z2Aste WHeE, 96 well plated]
1x10° cells/mle] AEZ 100 u¥ wEsld, 5% CO,
37°C w71l A 24717k < wiFatdet. 2 welld A=
& wiA] 200 pA HolFE F MTT((34.5-dimethylthiazol-
2-yl) 2,5-diphenyl tetrazolium bromide, Sigmalg 2
mg/mie] =2 FH|5le] 60 ul¥ H71ske 3A7telAM 4
AlZE BeF RS AT 4 welld AlREEE 220 piE
Az, HepEF 30 pigt 971 & DMSO(dimethyl
sulfoxide}2 150 ul 7kstd 1087 & EFste] A
& £3A1Z21 3 microplate reader(EL808, Bio-Tek
Instruments, Inc., Vermont, USAJIlA 540 nm §3%
2 ODl(optical densityfats 430 RE Al@84da=
AEE viFsir] 22 welldlld FAE 3500 st
BA% 3s A=stslh

DAPI staining for detection of apoptotic cell

8 well chamber slidesl 5x10° cells/mie] A EE 7}
400 pk¥ Wil 24A12F B wike £ AEE A F 24
AIZE 9 deAIZl H RSl B - mjAlE Wil 75
mM KCI& 500 ul A% 91 587 #keAzth 2 o
acetic acid®} methanol& 1:322 &
°l& B00 ul & EojA 5E7F vHEAA MEE A8t
Aok go] EhH A2olA ghds] T | DAPI (4-
6-diamidino-2-phenylindole-2HCl) staining € 1 nug/
pke 100 pl Ax gojme 1087 EAsk ¥ PBSE A
25, BUst] FFAPLZ(x100 B x200)2
= RS

iy

BHE ks 2 (Western blot analysis)

dste B M7 Bvd AZE oy, B2 A
gAQE wjx)9} &7 1000 rpmellA] fAEE st 3
Ae AAZ H 2mie) 7k PBSE F ¥ AH 3%
t}. o7]e) 50 mM Tris pH 8.0, 150 mM NaCl, 0.02%
sodium azide, 0.2% SDS, PMSF(phenylmethylsulfonnyl
fluoride) 100 pug/ml, aprotinin 50 pg/ml, lgapel 630(%

5]

oy



Inhibition of Cell Proliferation and Induction of Apoptosis by Diallyl Disulfide in Human Colon Cancer Cell lines 357

+ NP-40) 1%, NaF 100 mM, sodium deoxychoate
0.5%, EDTA(ethylnediamineetraacetic acid - Sigma)
0.5 mM, EGTA(ethylene glycol-bis(B-aminoethylether)
N,N.N',N-tetraacetic acid - Sigma) 0.1 mMMZ A€
lysis bufferg 50~100 pl 718 & &3t H 247+ 5
L4oCoA A A EZF3NE slATh wESo] T AJEE 1.5 m
tubedll Fo} 30& FF EF5}L, 4°C 23,000 gollA 14]
7 Bt dAlEE stk ASdE FHoto] HEFEE
TS Biorad protein assay kitg AME-3H] &43}
Tt Aol # whdol Lysis Buffer®} sample buffer
o] chalA okS Ml 31 100°C heat blockolA]
5% Bt 7FE(boiling)st ¥, F7 ¢ dAEY sk
ANBEE Bt Separating gel (12%)7} stacking gel
(5%)% 2= E]-%, X47]°§ S I transfersiich. v
2 @AgN(Coomassie Blue staining
l T g aM gdom A Fe
‘ﬂi?‘ < é}‘_%}‘}il, transfere membrane2 TBS-TE&<
o7 AHG F Rk E71E A7, TBST §942
845k o 5% BSAZ oF 227k A plockingd ¥
TBST &2 ojg] H A&ttt 13 A2 caspase-
3(Santa cruz biotechnology, Santa Cruz, CA., USA),
B-catenin{Cell signaling Tech. inc., Beverly, MA.,
USAKS AFE-3199aL, 231 3H goat IgG-HRP(Santa cruz
biotechnology, Santa Cruz, CA., USA} ¥H3-A171 & ECL
ool 1% A& vhgAA HES THEY STl A

< U dAdste] A

mlm >

ri?z
U.,Vl(o
;ﬁr

2 =

DADS?S| X2[0] [HE AMZ SHEH H35}

A 9 HCT 116, LOVO 2 SW480E ©]&
slo] ¥ sk Fig. 1914 & 4 %ol DADSe]
Sl mE Alze] Fefety wio] AEEE),
olake] EEoA] olu] W OpHESo] BHizao
sle] WA g Bealr] Aeidon Rakge] ¢l
MEZEE A ey WHolE s}, A2 Fejst
2 Hyo] doj}r] A& e, 200 Mz} 500 uMef|A]
= U] AZI} APEEl A Y2 K8sisdc).

MTT assay

AEE A Aol Mgk A3t Al g A3
LOVO, HCT-116, SW4B0MA, wl=9) #7l1f348%
shbel DADSS] A= AdelA|E #ad = Sdith A7
A g AEANN ARE AAshe Aor Uehdt
HCT-116 Ao DADSe %7} =718 uld} Al
o] AEEL T ooz AR Yol AL #E
& = 949tk DADS 100 uMel =2 AFsis qu
61%9 4&EES JeERlRlen, DADS 200 uMe| 5
M= 60%S AESS RYTE SW4AS0 11]4_01]/\%;
100 uMe] FEolA 69%9] YEES AL, 200 M2
FEAA 47%9] AEEE 1T LOVO A=) 100
uMe] T2 X2]sl-g W 54%<] AEES, 200 uM
o] FEore 52%2] BEES Ve

F-IE Hl
N S

c

Fig. 1. Morphological changes in LOVO human colon cancer cell line treated with DADS for 24 hr. A: control, B: 25 uM, C:

50 uM, D: 100 uM, E: 200 uM, F: 500 uM.
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Fig. 2. Human colon cell lines were exposed to DADS for
24 hr and cytotoxicity was measured using MTT assay. &
HCT-116, B: SW480, §: LOVO.

DAP| E&e{AE 0|&8t apoptosis &2l

8 well chamber silde] 5x10° cells/mle] NZE 7}
400 p¥ F31 242)7F < wge & AEE AHesla,
DAPl g4 & AAstint. sle] Tstel GAade] 358
Hol= MEE apoptosis7t ol Aog AE=ESIT &
it A Al DADSE A 2o 24 apoptosis
o] %, &l &= 3 EH(apoptotic body)e] LR E
AL @ulAoa AZE 7 Ut EE BE AEofA
apoptosis7} dojuf APt 718 ol R]qt @ 420 A X
oA A&EYHFg. 3). @2A DADS7} apoptosis®
ato] Ao A 9 FAE Alske AoeE we

= =48
A}

N
[o

Western blot& 0|28} apoptosis 22 CHHZ! (Caspase-
3)3d B-catenine| s =0l

LOVO thtAlze] DADSE 2417 59+ X8 319
S, 100 uM o) 2] F=ollM caspase-39] LdHL =
7V5lAtHFig. 4). B-Catenin®] 2&-2 100 uMe] =9
A FA3] gadte AL 383U = AT Apoptosisell
Foshe Ao 30l caspase-39] E E7he

-32kDa Caspase-3

control | 25uM | 50uM | 100uM

wiemiimge | - QOkDa  B-catenin

control | 25uM | 50uM | 100uM 200p.M|

Fig. 4. LOVO Human colon cell line was treated with dial-
lyl disulfide for 24 hr and expression of caspase-3 & p-cate-
nin was analysed.

DADS7} apoptosisE frste] tiddMEe] 52 2 A
FE AAlsks Aoz Alm d

$27h HHeE &
A3 2gE BAVE vk LLH} JtHDoll et al,
1987). 2213 o] AAAS Jukdse d2A], it

Frakeke. &R A7 Be Boju F¥H=7te
Al 2 BAEC| T2 W, GRS oRE FAoR s

w2 oprfolel] SlojM= AR BA vehte A
< E 7 Aot B gEidrs B8 grskEoiy A
29} 72+& macronutrientstt HIEFY, mu|Ea e
micronutrientsg°] ¢ WAES FE T ARdo] W
L, 53] 53 A&, Hdel FFHA 2 it
3} Hlel E(vitamin A, vitamin C ¥ vitamin E)2} Hlg}

7t2e 5o vlehl Aredee] deddaske o8
QA Q) oJAEL 9y} AAH o' AHH = A
o, &aks}l Hlell Qo o}F] AAA] ke F

AE

[
Ij>,\1‘—‘
I rlo i m

O

2
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Fig. 3. LOVO Human colon cell line was stained by DAPI, the modifications of nuclear morphology of treated with DADS
(arrows show apoptotic bodies). A: control, B: exposure to 100 uM DADS (x 100), C: exposure to 100 uM DADS (x 200).
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¥ cancer chemoprevention)e]
g B Utk A FAAESF kT sEA
ARt A I SAEE ﬁ%ﬂﬂ FIIES A

2 st} X8
sh= 71E9] shstand vle)] R ES %%H 438 23
AHKim, 1998;

AP A3 St AFoEA B S A
jom, vl EXlsk= FHEAVZ 2] Rl DADS
Abe HQbMlaEo] AMEeh = Mae] He w¥HelE
Zaiet. A E= DADSE AHEskrt Hobgel w

A9 Fejshs ¥Msbt vebgth 50 uM o)) T =
1M FAEIF SEELL, WFHAIY viEel] o)A &
I HiA] 912 ek ST el AEEATHFg.

ol g Aite MRS RAFE o] A 9 kM Ee
ﬁ}(dtfferentlann)ﬂ FRIFAE 7FeEE onisle A
2 AREC obsy] X HejA WYy 9 R
A 5o A=+ DADSe ?%ﬂoﬂ w2 AE
(proliferation), & MTT assay® &l o}k
¥ AEE T4 I dAHE QJJrO]E} LOVO, HCT-
116, SW480 AI7IA] ¢ A|EFE BF Fro|Exo g A
:‘L—"] A@f?{o] 7131'/\ ]’*‘ Q‘ @'sa]' '/F MME]' DADS
g FE 200 uMellX LOVO AEFE 38% HEvlo)
AESIN O, HCT-1162 45%, SW4AB0L- 32%%2] A&
&2 BthFg 2). ARG oigt AlEZel LOVO
{colorectal adenocarcinoma), HCT-116(colorectal car-

Aﬁ o 3O

2,

e 1 o Hu: = o

cinoma), SW480(colorectal adenocarcinoma) A7+
M EZF 2F 9FE(carcinomale}7lE AT, 1 5 LOVO
MEFE= Aol(metastasist Lot M EFoln T
Dukes’ type Coll st} o] A EF LOVO Al
ZF7F ApEel] o]2& Zlo] apoptosisill 9gF AAAE
olr 7] flsf DAPI JFEAS AAIEHA-E uf, DADSE
A gk wollM AELe] Fo] F5E 5 Fe] EH-o] PA g
o] apoptotic body7} ‘/}E}E‘—% 1 = AATHFig.
3). DADS”t apoptosisE sl G E HESS
ol Zlog Fd3te] gpoptosisoll DH s B
¥ caspase-39] 2&S western blotg Este] el 3
ATh # caspasezt ©1F €1 ICE/CED-ike protease

familys= apoptosis & 742 a3 2EAAZ 2HE-
g 4 e Ae® B3 3 vKEvans et af, 1993;
Nagata et a/, 1997). °]& familyel &3l 2o oald
2 AlZoA 3} mEFZE=e]ole] &futo] Fo] x5t
H(Reed et a/, 1998; Tasujimoto et a/, 1998), °]E9]
2d3l= bel-2/bax familye] L8 Aol &Y 2
x] kg 4% 9t} Caspase-3t proenzyme FE|
2 ZA3t7} bel-2/bax familyell &) EA3bE ALY,
caspase-8, 9, 100 <&l &A)3) o AR = 713 A
o7 AE W EXshe B2 37 TEe] Fajjol #o
3t} webd caspase® UIEE-¢] apoptosis7t FutE
HENM o BAEE HAFEE caspase-39 2d A
=5 ZA} 3I%tHFig. 4). Caspase-3= DADSY Fk%
25~50 pMel| Atz vt Hre] FHS HIA
gF, 100 uMe}t 200 pMollA =& wde Bt} o] g
A3= DADSY} caspase-39] AE W 552 Z7HAA
apoptosisell °]27 & = 7S AL oA
& 4 St} B-Catenin M EZB A E-cadherin & actin
o ﬁUL 3lod B2 «d(adherens junction)e 343shd,
olEF A= A ATl Ade g@HEtd T3 JT
I AZe] A E3kg = 4f‘&E‘r(Aberle et al, 1996).
TS WntAlsdgReolx #de] glom, HARIAZ
T ZRgsh=d], B-catenin®] 6“‘41 o]FE S A=
#@Ho] AtHMorin, 1999). B-Catenin® E% A

AR gHF adenomatous polyposis coli {APC)/axin
B3t oF At Adeola wA casein kinase [(CK 1)l
o8l ser(4bye] Ql4kalrl o] 20X 1L glycogen synthase
kinase 3(GSK3)ell 9J3te] <lAitsl =dof, <listd p-
catening ubiquitination2 YIS ZM proteasomes
of efsl) Esfxlojol sk=ul, APC #3x}e] Houh B-
catenin Ale] EAo| R Qlste] APCe} AjslA] X3t
3 AlEAE o] 4" thKitagawa et &/, 1999; Surh,
2003). HAla2del &A% B-catenine] AR Eof7} Ay
ArRIA R A o} 28-S 31 Fof, Be Wt
Hol| FosttHKorinek et a/, 1997; Morin, 1999;
Surh, 2003). B-Catenine] HH3EH IYE o] Fs}]
lymphoid enhancer factor(LEF)U} T cell factor(TCF)2}
22 ArRIAES A%sA "ok o] c-mye, cyclinD-1,
gastrin, human matrilysin(MMP?7), keratin1, urokinase
plasminogen activated receptor(uPAR), CD44, ITF-2
5 Okl S5 AAL BAFE U 7ITH {Kolligs
et al, 2002; Wong et al, 2002). B-Catenin®] < Xéﬁ‘r
o ofs Atz o] 5“*3?}1'43 B s gF

MAEF7] Z-o Gt M F3F, cellular developmentQ‘r
28 Ao B 2 %5101 ATk, B-Catenine] &l
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2 DADSY %71 Zolglo] wet 7hadte A3 el
WATHFig. 4). o121t ke A= Ul 2padg el
A B-catenin®] WYL wrEo] N EFo] TS
o] apoptosis® = L 7Fs4S A S 9
o} AHoa whzo] 4l DADSE caspase-34 B
catenin®t 7+ Al WellA] apoptosisyt A EF7] =3
g sk ARl S wA g Ee] SA% 4TS
AAE = Urhe FHE & F 915}. EE & o HEs
7179] ols|&E A3 MEF7], LA B QAR
apoptosisel] &= \:]——LE} oo .[C’Td;(]_ o] ulke
o A3 F7HQ dgo] FaE oL T Ao g AlgH.

it

it

HAe =

B ATE 20024% §FeesgT AnAd7aA Y
Arde] A Ye ol £3E A7 (FAHE KRF-2002-
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