creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

oo rLori—oN

Mo do ol > 1

%ol rrX o 2 QoNox 10K 2nQol-l mE > g3 OJ0SO0IAT

[UCI]1804: 24011- 200000264961

20154 8¢
AAE ] =

Tyrosole| KB AFF -79bA| 329

Aol mA= 0363:



Tyrosolo] KB Abg 7 HAI 9]

Al vAl= I

Influence of tyrosol on cell growth inhibition

of KB human oral cancer cells

201539 8¢ 25¢



Tyrosolo] KB Algh 79A) 3L 2]
37 Aol mAl= éﬁ

o

2015 49



]

o

5

20154



ABSTRAGQGT  ooveeeeeereeseemmeessssissssssssssssssssmssssssssssssssss s sssssssssssssssssssss s sssssssssssssssssssonns

IL AIABE D O HEH

L. AL B R B ceeeerseeessees st

2. /\ﬂ:]j__'z_‘cp} H]EHHOJ: ...........................................................................................................

3. ,q]g_/\é xo]— Q_'-] xﬂ e 5

=g

4. DAPI oﬂ@loﬂ 9/]5} /11]3,7_314 SgEH TFZF

5. DNA fragmentation T']i‘/—\j' ..............................................................................................



mg@@;ﬂ,} ............................................................................................................................ 6

1. /\ﬂ _\JI_/KC-)] Xo]—oﬂ og t‘sc]:.% 1:1] ;‘(] = terSOlgl jé‘_jq_ ................................................................ 6
2. DAPI & Ao]] 9] 3t A E S S E| TEZE oo 7
3. DNA fragmentation T']i‘/—\j' .............................................................................................. 7
4. TerSOloﬂ 9/] t:;l_ caspase94 %]—/Kc-)] ................................................................................... 8
\% %..‘iél— 1;_1 ;,7_(1)_1- .................................................................................................................. 9
V. @ P P PP P PP PP 12
VI g-j_.g_éd ......................................................................................................................... 13
v }\"I.;ﬂ_l?_E @ l:g .............................................................................................................. 17
Vi }\].;ﬂ_l?_}_ ......................................................................................................................... 20



Table 1. Anti—proliferative effect of tyrosol in KB cells -eeemeeeeeememmmin.

— i —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. Concentration- and time-dependent effects of tyrosol

on the cell viabilityin KB human oral cancer cells e, 20
. Il’ldUCtiOl’l Of apOptOSiS by terSOl in KB CeHS .................................................. 21
. Fragmentation of internucleosomal DNA by tyrosol in KB cells «eeeeeeeeeeees 22
. Proteolytic cleavage of caspase-3 by tyrosol treatment in KB cells - 23
. Proteolytic cleavage of caspase-7 by tyrosol treatment in KB cells - 24
. Proteolytic cleavage of caspase-8 by tyrosol treatment in KB cells - 25
. Proteolytic cleavage of caspase-9 by tyrosol treatment in KB cells - 26
. Activation of cleaved PARP by tyrosol treatment in KB cells :eeeeeeereeees 27

_iV_



ABSTRACT

Influence of tyrosol on cell growth inhibition

of KB human oral cancer cells

Lee, Ue-Kyung
Advisor: Prof. Su-Gwan Kim, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Tyrosol, a phenylethanoid and a derivative of phenethyl alcohol, possess various
biological activities in common such as anti-oxidation and cardioprotective activity.
The principal source of tyrosol in the human diet is olive oil. However, the
anti-—cancer activity of tyrosol has not yet been well defined. In this study,
therefore, the cytotoxic activity of tyrosol and the mechanism of cell death

exhibited by tyrosol were examined in KB human oral cancer cells.

The cytotoxic effect of tyrosol on cell growth in KB cells was examined by
inhibition of cell growth (MTT assay). In addition, the cell death mechanism by
tyrosol was examined using DAPI staining, DNA fragmentation analysis and

immunoblotting.



—

. Treatment of tyrosol in KB cells induced the inhibition of cell growth in a
concentration- and a time-dependent manner as determined by MTT assay.

2. Treatment of tyrosol induced the nuclear condensation in KB cells.

3. Treatment of tyrosol induced the DNA fragmentation in KB cells.

4. The proteolytic processing of caspase-3, -7, -8 and -9 was increased by tyrosol
treatment in KB cells.

5. The proteolytic processing of PARP was increased by tyrosol treatment in KB

cells.

These results suggest that tyrosol can induce the suppression of cell growth
and cell apoptosis in KB human oral cancer cells, and therefore, that it may have

potential properties for anti—cancer drug discovery.

Key Words: Tyrosol, Anti-cancer therapy, Apoptosis, Cell death,

KB human oral cancer cells
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AZ7E Fdztell olal] AlolH = AZARS] g JEiQl apoptosist Al AEXE

A2 WAL ol el AT AZE AASel, AL FAB 2HYGe] 2 F

8% 9gaks ddsta Jo1-3] =g FFEde] dlF T2 apoptosisE ©F7|ske]
M SAS dATge=zA 4o XmA| 9as 7] wzo, ol FAEAS AR

[4-7]. Apoptosist= 9072 death receptor-dependent pathway H+= W<elA]]
mitochondria-dependent pathway& Wl doju= o2 Holw o= ¢+ 35134
A zmA o o]siA] dojytr| = g8 9.

Tyrosol(2-(4-Hydroxyphenyl)ethanol)2 phenylethanoid®] 3%+ <& 24 phenethyl

A

alcohol FAFAC]T}H10-11]. &8]H Y & HAEEA EAs= tyrosol> HA &4

¢

stAl= de g o, 53 AA ol&EC] tE FArstAlE] Hla] vl 8t
thal B wp QuoH11-14]. ®=3F tyrosol> A RS ZHgo] 9lo] 4] w3 AR
Az s ar em[1213], Abghe] didet Alxe Ade JAdTs d7+434= B
aE v A5l 2E Y AR S-S AL tE XS A Al #e
HuE gldlon 53] F4dolA tyrosolel Z o] thaid = <8z vF gl

A E AFgAME A FALAMEST KB AIEE o839 tyrosold TS

AE Al vA= 2ok AR A7l de grelaralk sk, of&# tyrosolel



II. 2848 2 44

1. 48AQ =8

Tyrosol, N-methylthiotetrazoleMMTT) % 4’ 6-diamidino—-2-phenylindole(DAPI)+=
Sigma(St. Louis, USA) A 43t AF83t1 e, ECL detection kit®= Amersham
Biosciences Corp.(Piscataway, NJ, USA)dlA] Gste] AFE3F T Anti-cleaved
caspase—3, anti—cleaved caspase-7, anti—cleaved caspase-8, anti-cleaved caspase—9
2 anti-cleaved PARP &A= Cell Signaling Technology, Inc.(Danvers, MA, USA)
ol  Fhsle] AbEFFom 7EF BEAAFE L analytical gradeS TF43Fe] ALgEH
P

A 7

w2

M X KB+ American Type Culture Collection(ATCC, Rockville, MD,

USA)ol A Al grtol Aedel o] g3ttt

2. AXFS AENY

ALl FAAAE KB 5% fetal bovine serum(FBS, Invitrogen Co., Carlsbad,
CA, USA), &AA(100u/ml penicillinm, 100xg/ml streptomysin) % 1% non-essential
amino acids(NEAA, Invitrogen Co., Carlsbad, CA, USA)7} &% 37°Ce A #&u A
minimal essential medium(MEM, Invitrogen Co., Carlsbad, CA, USA) 3}l A w3}

HA Ag e o] &3k tH16].



3. AEARY AALAIMTT &4)
Tyrosoldll <d AEAA AdHads #Zs7] ¢8, 24well plated] 5 X
10°cells/well?] KB M EZZE AZEstch 244 7F mlFa & tyrosole thekdt 5 w9)
25}

T AdAaRE T &

[1

]
o_>L

1o N7 F, Al

ref| A A7l ste] 37CAA A
ATH17]. MTT 418 tyrosolS A d KB AlEo] MTT €9MTT H=%5% 05u¢g
F, MTT &9& AAa 0.04N HClo] i+

T

/il)S 37TTANA 4AF A3
isopropanolZ =oj o] 570nmeoll A &% ste] Al skt
4. DAPI g0 93 AXd Jy #F
]_

o

Tyrosolel 93 KB A% F2}Al7F apoptosis =2 dade] d=AE A
7] $13te] DAPI G4 o83k Alx3 e Jejsty WstsE el 10em W EH
HE3sEo] 24417 v sk & tyrosol 1000pM= A 2] 8¢

£ 37% formaldehyde & <3 PBS

ol A 10 FF a2 g 5 DAPI

o ddn 7 (XT71,

Aol 5 X 10°71¢] KB A¥ S
HjeFst KB Al

9617t F <t 37Tl A Bl 3k Tl
fixing solutiong ©]-&3le] %

£ 199 Hl&=2 42
GHE ol gstel 158 FF AMsdth. @M% KB AEE
FElets ®stE #AsAT

2

5. DNA fragmentation

MxAE S 71 F apoptosis®] A 3E7F ¥ &= DNA fragmentation

t}. Tyrosolol] 2%k A3 DNA fragmentation €35 ##3H7] ¢80, 10cm 8] 5 Al ol
X2 HFTSEAT. 2423 st & tyrosol 1000uM-S A &l s}

5 X 10°71¢] KB A% E
— 3 —



96AI 7 ek 37TColA wde & MEE =335t lysis buffer(0.1M NaCl, 0.001M
EDTA, 0.3M Tris-HCI(pH, 7.5), 02M sucrose)= ©]&3F F4}2] phenol-chloroform
extraction &2 DNAZE F=3I9t. F+53 DNAZS 2% agarose geldlA #7149 %

(50volts, 90%) 351 oW, ethidium bromide® <A 3lo] T&3}9d o).

6. Immunoblotting

M3 apoptosis®] A %7} T+ caspase-3, caspase-7, caspase—8, caspase-9 2
PARP(anti-cleaved caspase-3, anti—cleaved caspase-7, anti-cleaved caspase-8,
anti-cleaved caspase-9 % anti-cleaved PARP) #41< $3] immunoblottingS A 3}

s THI8]. 10cm wiFH Ao 5 X 10°719] KB MEE HEshal 24417+ wiekst

o

tyrosol 1000uM2 A2 3le] 96417 FoF 37 ColA wjFdt & A E

il
N
Hel

P
T

SHSAeh. Al
E

=2 4T PBSE 23] A& & 4T lysis buffer(1% Triton X-100, 0.5mM EDTA,

@

1mM phenylmethylsulfonyl fluoride, 5u¢g/ml aprotinin % 5pg/ml leupeptine] ¥3¥H
PBS)el Al 30 HESAIATE AME &3lES 12500 x gollAl 2023 YA & &
WA AgE Ao g@wE A8E 28] SDS  sample  buffer(60mM
Tris-HCI(pH, 6.8), 4% SDS, 25% glycerol, 14.4mM 2-mercaptoethanol, 0.19
bromophenol blue)oll ¥ i 100TCeoA 587F WA Al 3 12% SDS-polyacrylamide
geloll 120voltell Al 2A17F #7195 ¢ v, @A transferE ©]-83}9] nitrocellulose
membrane(Millipore Co., Billerica, MA, USA)°2 2 o]%A|AHY. Membranes 5%
fat-free dry milk-PBST buffer(PBS, 0.2% Tween-20)°A 2417t &<t blocking 3}

i, PBST  buffer2 15%3F 33 AFsAY.  LdAFAZ anti-caspase-3,
anti-caspase—7, anti—-caspase—38, anti-caspase—9 el anti-PARP(anti-cleaved

caspase—3, anti—cleaved caspase-7, anti—cleaved caspase-8, anti-cleaved caspase—9
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2 anti—cleaved PARP) A& 1,0008] 3] X3t A}&3Flom ) anti-B-actin &A=
20008)  FAste]  AMgEFATE o] x}EA|E horseradish  peroxidase  conjugated
anti-rabbit IgGE 5,0008] 343t AL83tH o, ECL detection kitE A}-&3}¢]

X-ray D& @98 F LAk

7. 4959 FASH AR

1

R

dA < mean + SEMoZ uehfolal, 7k A3 kel w94 HAAL

ni

r{n

5
ANOVA 39 Student's t-test® 3t} 2™, p value’} 0.05 7] 7Hp<0.05)2] 7 -F-oll A
FAA FYdol dv AoR TSt e AT SAAH HAL SPSS ver.

A -

12.0(SPSS Inc., Chicago, I, USA)S o]-&3lo] #2139 th



43 2 5

1. AIEA A 9FE v X = tyrosold] &3

KB Ao A tyrosolel 9t MEAY AAZHRE A7 f18] MTT 2418 Al

&3t ok, Tyrosol= 10, 30, 100, 300, 1000 2 3000uM$] th3t = 24, 48 72 %
96A17F st KB Ao Fodt & MTT HAAFS Aldlek 23} tyrosol A& 244173
A8A1Fe] Aol A= iz Blastds w AEAE A Aols: E o st
(Fig. 1). 8 tyrosol #18] 72A17F3 96417+ 7 ¢, tyrosol A &S thxt 3 H
W FEE AEGG JAERE E 5 ANeH, o] & AL FRA

olEH QS #ad & UAvH(Fig. 1). KB AEAG Aol thdt tyrosole] ICs(H
AA Gl 50%E FHAAIE FE)L tyrosol A 24A 7} 48417k Aol M= AA

st = gllo, 72417k 964l = A oF 942uM T 192uMe] A tH(Table 1).

Table 1. Anti—proliferative effect of tyrosol in KB cells

Time ICs (uM)
24 hours ND
48 hours ND
72 hours 941.8 + 113.7
96 hours 191.7 + 30.2

The ICs values represent the mean £ SEM for

three experiments. ND; not detected.
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2. DAPI 44 o3& Axs e #F

Tyrosol # gl w& KB A2 A& A7} AlE apoptosis 23 Aol =
A zAFER7] 918kl 03 1000uM 9] tyrosolS ] €] 3 v Aol A 96A17F FoF wj k3 T

DAPL 942 5o Azde Fejets was pastgnh Azde] Selgow 4%

= PR3 =2 DAPT A& AAetar F3dvd< ol gste] @3 43, Fig. 2A
of YEbd vkl o] tyrosols AEEhA @& tix B A M= o] Al

A4 e Feisk FsA Ao de] Hoh tyrosol 1000pME A F AE

=

o A= apoptosis A A XA HAPHog FEAE= AME S5 93k apoptotic
body7} th #2E A vh(Fig. 2A). Apoptosis?} LA A &S AAAELIE 100%= 7]
+=3Fo] apoptotic bodyE Hl-&= YERH O] Hlwsk A3} tyrosols A shA] &2 tix
T KB AXNAE= ¢F 41%, tyrosol 1000uM= Azl A XM= oF 89.7% =,
tyrosol %7} Z7b8toll wE}l apoptotic bodye] H]&o] F713tS & 4+ IUAH(Fig.

2B).

M
1

3. DNA fragmentation

Tyrosololl 2]t KB Mo oA 71 dS g213sl7] ¢35ted DNA fragmentation
=5 A8kt Tyrosol 0% 1000pM= = 2] g wjA] ol A4 96413 &<t A 2] 3 KB
Aol DNAE  FEstol drideoe= &3 4d¥, dxodA=  DNA
A4S B F gldoy, tyrosol 1000uM< A 2lg Ad o= DNA

fragmentation

3]
fragmentation &4 £ = AAH(Fig. 3).



4. Tyrosol®l| 93 caspased &4

Caspase—3, caspase-7, caspase-8, caspase-9 2 PARP7} AlX apoptosis®] A %7}

H 2 E[89,19-21], tyrosols AHzd KB AlXoA cleaved -caspase-3, -cleaved

-
filo
do
:Oé

caspase-7, cleaved caspase-8, cleaved caspase-9 % cleaved PARP & &£
immunoblottings Al &8t Tyrosols * &gt KB Alxe] dwds F&3to] g9l
st A3 ) ZTo| M= procaspase-3, procaspase-7, procaspase-8, procaspase-9 2
PARP9] &z 71458 (proteolytic cleavage) A4S & I g1l o1}, tyrosol 1000uM
= BAIZE T AEg AddelA e dild TheEs dds FElol B o Ao

(Fig. 4-8).



L8 2d S HAEE =438 tyrosolS phenylethanoide] 3+ ZH=EA A

stz 2y dHA dem10-14], AFRS 2HEo] slo] AFe w3 ARA=
A ATH12,13]. 28y tyrosole] FSrE e w3 As = vig FHEH, 59

Tl A tyrosol®] Eatel tHal M= e wh gluh webd Aol M= A T

HYALT KB ALE o g3l tyrosole] P4 A gl Aol mAe xatbsh A

G AATI S welaiA; sk, o] tyrosolell ©gh A Az E&AS A
Al BkaLAp shol vt

MEARAF AdAEZHRE ZAs7] Y3 MTT 2404 tyrosol A 7k} of oF&
Aoz KB 4% Alxel A4S AR (Fig. . ol= Ay gk o&dos

dAE APES FEste ddaantsE Ad o8 A fF8 =2 (curcumin, resveratrol,
B-carotene)ol| A & AFA e} fFAFSE Ao TH22-24]. 5o thE Aok f3 =23
Hlulslo] iAo g2 e 559 tyrosoldl A% Fw3] KB 774 Alxe] AES

wahrH22-241 olel AR tyrosolol TR AZ A B FolHal

ol

HE 7HA A Uth= S AJAEIH, T tyrosole] A mAIZA L] FAH S A E

obAl 2 A oAl A oA apoptosise] FEE A fFE EEEH
Mol &3 defo] FGV25] 1Y ER ASAES Aoks EFT I AdER
FH IHMEES apoptosisE FEsteE IATES Aldsta drh B ASfA=
tyrosolell 213 KB Al A& #] 7] Aol apoptosis7} ¥ EH E=AS &eldtr] 93te],

DAPI 48 o] &3t Ax3e] Hels4 W3l #2 2 DNA fragmentation #2413 Al



Ashearh sabel Solqow Agsts PHEA DAPL G4 AAsn G Y
2 olgsto] WA A, tyrosole AYHA e WET KB ATNME thiiel

Azl el FE7E FelshA Ador Aol H Ao, tyrosole A2 Al A

>

i

Al Ao Ak BEo] apoptosis EA AlFEAM HPHor AFH= d4E

S 93 apoptotic body7t v ##EE I tH(Fig. 2). 3+ apoptosis 92l T tf

i

A sldst= DNA fragmentation o5& ZAFsE A3 tyrosols | 2]3h#] &2
gz A= DNA fragmentation 8735 & 5 §lSU, tyrosol A ] Aol A=
DNA fragmentation d4& & 4 UATH(Fig. 3). o= dAlxze] AFE AAAT=
Fgorg s Ad o8 Aok Fdf EEE0] DNA fragmentationg +%E3F= apoptosis
7%

o8 fEH KB 74 AL 4gAl #4E endonucleasert #4550 ALY

O_u

of o3 YAEZLE A}

k)

AT AT A H22-24]9F LAIshE AL =AM, tyrosoldl

9] DNA7} fragmentation ¥ += apoptosis 7] H o] X35 = Aoz Az HU.

j
a

i

Cysteine protease®! caspase? A% W AL kst zo

lo
oft

i
apoptosisE 7MAlstal Adst=d F83F 9GS Hh[19-21]. AFEe] AxEoA &l
caspase ©}3 <ol caspase-3, caspase-7, caspase-8 % caspase-9 5 ©| apoptosis
E9o] A8 caspasez dHA Jom, olE2 Zt7Z} thks A=l &) apoptosis7t ¥
ol proteolytic cleavage @7l dodH19-21]. 2 Aol A caspase-3,
caspase—7, caspase-8 % caspase-99] proteolytic cleavage A4S 3Helslz] 98l o]
59 A4S o] €3] immunoblottings Al&3 A¥ tyrosol Al e ol A
caspases 9| proteolytic cleavage @S & A ATH(Fig. 4-7). PARP+ apoptosis9]
7174 % 924 death receptor-9 &% A& a3 xdelztoln PARP &3t ojw
A=)l o] &l apoptosis’t ¥olY Wl proteolytic cleavage dAto] dojdti[24]. E A
AN % tyrosol A& A&to|A PARPY proteolytic cleavage @S & 4 Adct

(Fig. 8). olgst A@dA}EL2 tyrosolddl Y3l =%+ KB 7749 AlEZ AFoA 7



Aol caspase-3, caspase—7, caspase—8, caspase-9 % PARPZ %3+ 2|<¢14 9] death
receptor-dependent pathway2} <914 2] mitochondria-dependent pathwayE 74 3sh+=
apoptosis7} EFFE o] S AAMGTE Z1efut tyrosole] frEske Y AE A
AAlel ek Az B FAA 7|dATE o FAtstoor @ AR A e

AEXHOZ | tyrosol Al F4Y MEF KB AMEZS apoptosisE =38k 7+

A MEALGE JAANINE Aom AbmEnh g 2 A9 AR tyrosols o] &g



v.d2d £

A A MEST KB AEZE o] 8319 tyrosolel 74 M2 A X
= 23S AEZF AATIAE B8l 7] f18l, KB AlElA tyrosols ©]-&sted MTT
4, DAPI @A 9 Axs FeEl F4, DNA fragmentation 4] 2

immunoblotting &< Aldste] v} 22 4
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3. Tyrosol& KB +7%¢ A9 DNA fragmentationS F+%3F5 T}

4. KB T7<F AlFEoA] tyrosolS caspase-3, caspase-7, caspase-8 % caspase-99]
proteolytic cleavageZ %3+
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=
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Fig. 1. Concentration—- and time-dependent effects of tyrosol on the cell viability in
KB human oral cancer cells. (A) Concentration-dependent effect of tyrosol
on the cell viability in KB cells. The KB cells were treated with various
concentrations of tyrosol or without tyrosol for 48 (circle), 72 (square) and
96 hours (triangle). (B) Time-dependent effect of tyrosol on the cell
viability in KB cells. The KB cells were treated with 10 (circle), 30
(square), 100 (triangle), 300 (diamond), 1000 (hexagon) and 3000 uM
(inverted triangle) tyrosol for 0 - 96 hours. The cell viabilities were
determined by the MTT assays. The percentage of cell viability was
calculated as a ratio of A570ums of tyrosol treated cells and untreated
control cells. Each data point represents the mean * SEM of four
experiments. P<0.05 vs. control, “P<0.01 vs. control and “P<0.001 vs.

control (the control cells measured in the absence of tyrosol).

Fig. 2. Induction of apoptosis by tyrosol in KB cells. (A) Changes in nuclear
morphology by tyrosol. The cells were treated with 0 or 1000 uM tyrosol
for 96 hours. Representative fluorescence photomicrographs show the nuclei
morphology of KB 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.



Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fragmentation of internucleosomal DNA by tyrosol in KB cells. The cells
were treated with 0 or 1000 uM tyrosol for 96 hours and nuclear DNA

was subjected to agarose gel electrophoresis.

Proteolytic cleavage of caspase-3 by tyrosol treatment in KB cells. (A)
Activity of cleaved caspase-3 by tyrosol was measured in KB cells. The
cells were treated with 0 or 1000 uM tyrosol for 96 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.

Proteolytic cleavage of caspase-7 by tyrosol treatment in KB cells. (A)
Activity of cleaved caspase-7 by tyrosol was measured in KB cells. (B)
Quantitative data for (A) were analyzed by using Imagegauge 3.12

software after B-actin normalization.

Proteolytic cleavage of caspase-8 by tyrosol treatment in KB cells. (A)
Activity of cleaved caspase-8 by tyrosol was measured in KB cells. (B)
Quantitative data for (A) were analyzed by using Imagegauge 3.12

software after B-actin normalization.

Proteolytic cleavage of caspase-9 by tyrosol treatment in KB cells. (A)
Activity of cleaved caspase-9 by tyrosol was measured in KB cells. (B)

Quantitative data for (A) were analyzed by using Imagegauge 3.12



Fig. 8.

software after B-actin normalization.

Activation of cleaved PARP by tyrosol treatment in KB cells. (A) The
activity of cleaved PARP by tyrosol was measured in KB cells. The KB
cells were stimulated with 0 or 1000 uM tyrosol for 96 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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Fig. 1. Concentration- and time-dependent effects of tyrosol on the cell viability in

KB human oral cancer cells.
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Fig. 2. Induction of apoptosis by tyrosol in KB cells.
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Fig. 3. Fragmentation of internucleosomal DNA by tyrosol in KB cells.
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Fig. 4. Proteolytic cleavage of caspase-3 by tyrosol treatment in KB cells.
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Fig. 5. Proteolytic cleavage of caspase-7 by tyrosol treatment in KB cells.
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Fig. 6. Proteolytic cleavage of caspase-8 by tyrosol treatment in KB cells.
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Fig. 7. Proteolytic cleavage of caspase-9 by tyrosol treatment in KB cells.
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Fig. 8. Activation of cleaved PARP by tyrosol treatment in KB cells.
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