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Tyrosol, a phenylethanoid and a derivative of phenethyl
alcohol, possesses various biological properties, such as
anti-oxidative and cardioprotective activity. Olive oil is the
principal source of tyrosol in the human diet. However, so far
the anti-cancer activity of tyrosol has not yet been well
defined. This study therefore undertakes to examine the
cytotoxic activity and the mechanism of cell death exhibited
by tyrosol in KB human oral cancer cells. Treatment of KB
cells with tyrosol induced the cell growth inhibition in a
concentration- and a time-dependent manner. Furthermore,
the treatment of tyrosol induced nuclear condensation and
fragmentation of KB cells. Tyrosol also promoted proteolytic
cleavage of procaspase-3, -7, -8 and -9, increasing the
amounts of cleaved caspase-3, -7, -8 and -9. In addition,
tyrosol increased the levels of cleaved PARP in KB cells.
These results suggest that tyrosol induces the suppression of
cell growth and cell apoptosis in KB human oral cancer cells,
and is therefore a potential candidate for anti-cancer drug
discovery.
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AIZZE Akl o Aojs= AlEARe] g FEjel
apoptosisi= ‘2R AEE AE A o]l A
A AZE AAS, Al P 249789 =4
of Fog A @dsta QUrh13] =3 FAEH
2 apoptosisS OF715t] FAHIE THE AT
=AM e AgA AEE ] Wl olH e FuEd

‘—‘ =

< ARgste] Asks PAIES] apoptosist ¢ A=
o] Aol st F3 A7} FUTH4-7]. Apoptosisi=
9]214d 9] death receptor-dependent pathway Hi= U214 9]
mitochondria-dependent pathwayE e} dojili= Z o=
Holm o]= <o g8t X gAlel osiA dolpr]=
FHH8,9].

Tyrosol(2-(4-Hydroxyphenyl)ethanol)<>  phenylethanoid ]
St F5F% ] phenethyl alcohol +AFAOITH10-11]. &2] X
2 T HAEE] EASHE tyrosol> A FAFSHA
= gy deEA glen, 53] A o]gEo] e At
sAlEel Blsl wi $Esietar Bt vl Qluk11-14].
B3 tyrosol>- AHS 2ol glo A w3t A5
A7 weEa Qom[12,13], AFe i AlEe] A
e GAsitE ATA3E Hud vp QloHis). 19
U AAZEA] tieks AlQlsh e dAlEEe] A3
Aol #3k B glglom, 53] F7tolAl tyrosol?
adel tisix= &2zl v glok
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A B ATt M= AR FSHIET KB AlEE
o] 83t tyrosol®] 7St Al A Aol w|X]= &}
o} M AA7IHE whe] A} 3k, oF2E tyrosol ol
ot S A 85e a84dE AAl st} st

T

EER

1LAZAR

Tyrosol, N-methylthiotetrazole(MTT) 2 4' 6-diamidino-2-
phenylindole(DAPI)+= Sigma(St. Louis, USA)°llA] -]}
AFE3F 0™, ECL detection kit™= Amersham Biosciences
Corp.(Piscataway, NJ, USA)oA  G-¢Jsto] ARgslSiTh
Anti-cleaved caspase-3, anti-cleaved caspase-7, anti-cleaved
caspase-8, anti-cleaved caspase-9 %! anti-cleaved PARP &4
+ Cell Signaling Technology, Inc.(Danvers, MA, USA)®f| 4]
Tetol ARgeRlom, ZEl A4S analytical
grades T-3tol ARESIITh AbRE TSHAIE KBE
American Type Culture Collection(ATCC, Rockville, MD,
USA)ollA] lgwol Aol o] 88}t

2. A E7} A Eul F

AV FIAMIEE KB 5% fetal bovine serum(FBS,
Invitrogen Co., Carlsbad, CA, USA), Z#/(100u/ml
penicillinm, 100zg/ml streptomysin) 2! 1% non-essential
amino acids(NEAA, Invitrogen Co., Carlsbad, CA, USA)7}
ShE 37°CY] A7l A] minimal essential medium(MEM,
Invitrogen Co., Carlsbad, CA, USA) 3lollA] wljeFshaA A
el o]-&3s3ATH16].

3. AZAY AAF(MTT £4)
Tyrosolol] 2J&F A2 AAarE #&str] $sl,
24well plate®] 5 X 10°cells/well®] KB M¥XE HZE3k
. 24417 wlSkS 2 tyrosol S TRFS HEol AlZte|
Aelsto] 37T WHEAIZ &, M7 oA aw
MTT 4o 2 =433 tH17]. MTT #242 tyrosol
23k KB Ao MTT &NMTT HEE5E 0518
wlye 37ColA 4X7F Aest £ MIT &4 A7 skl
0.04N HCI®] &% isopropanol= o{uje] 570nmof 4]

LS 2430l At

tlo mw >

4. DAPI A 2 & Al 23 e %

Tyrosol®]l 2]$F KB A3 F-2]1 A7} apoptosis -2}
Aol A=AE K] lske] DAPL 94s ol &
sk Al Fejstd WstE dEekqlth 10em Wi

Alell 5 X 10°7112] KB AIEE HE3te] 24A17F vijeFst
<, tyrosol 1000pM= A El&le] 96A17F B2t 37TCefA
Hjekakoith. wjokst KB AlEZS 37% formaldehyde £
I} PBSE 1:99] H|&ZE 42 fixing solutions ©]-&-3}
oA 103 &<t g3 $ DAPI £S5 o] &-5}o
153 &<F JAEIIt 9dAs KB AEE F3dvA
(IX71, Olympus, Japan)S ©]-&3fo] o] ejsts W3}
= AFSgiTh

5. DNA fragmentation %4

AEAPES] 71 F apoptosis®] A7} EH= DNA
fragmentation 215 A3 Tyrosololl o]t Az
DNA fragmentation &5 ¥&3st7] 2l8l, 10em Wi
Aol 5 X 10708 KB AIRES EatSiT 24413F
g F, tyrosol 1000pMe A2 ato] 9641t &<k 37Tl
A djeket 3 AlEES S35k lysis buffer(0.1IM NaCl,
0.00IM EDTA, 0.3M Tris-HCI(pH, 7.5), 0.2M sucrose)=
o]-&3F 42| phenol-chloroform extraction’t] © % DNAE
FZoI3itE. 53 DNAE 2% agarose gelollA 719
&(50volts, 90+) 5312, ethidium bromide® 32 5}o]

6. Immunoblotting

M3 apoptosis®] A%} E|]i= 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 2! anti-cleaved PARP) 212 913l immunoblotting
S AESATHISL 10em HlF Aol 5 X 10°711] KB Al
S AFoFL 24A13F vl 7, tyrosol 1000pM-e #] 2] 5}
96 A1t &< 37°CelA uieFst 3 AEE Fsklh Al
£ 479 PBSE 23] M&et F, 47T 9] lysis buffer(1% Triton
X-100, 0.5mM EDTA, 1mM phenylmethylsulfonyl fluoride, 5
g/ml aprotinin %! 5xg/ml leupeptin©] & PBS)ollA] 30
HESAIZATE AR B3-S 12,500 x gollA] 2021 A4l
& &, TE A2 S gRkeioitt @l AlRE 2v) 9] SDS
sample buffer(60mM Tris-HCI(pH, 6.8), 4% SDS, 25%
glycerol, 14.4mM 2-mercaptoethanol, 0.1% bromophenol blue)
of ¥ 100Telx 5#3F WA A %, 12% SDS-
polyacrylamide gel®ll 120voltel| Al 2A17F 7195 $F v,
A transfers ©]-8-517 nitrocellulose membrane(Millipore
Co., Billerica, MA, USA)©. % ©]5A]F Tt} Membrane= 5%
fat-free dry milk-PBST buffer(PBS, 0.2% Tween-20)]| 4] 2A]
7+ %<1 blocking®}$1 3L, PBST buffer® 15571 33] A%l
U}, Ux}3HA) 2 anti-caspase-3, anti-caspase-7, anti-caspase-8,
anti-caspase-9 %! anti-PARP(anti-cleaved caspase-3, anti-
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cleaved caspase-7, anti-cleaved caspase-8, anti-cleaved
caspase-9 2 anti-cleaved PARP) A& 1,0008)] 3]2]35}o]
ARE-EFSL © 1, anti-B-actin FA= 2,0009 2]4 5k AR5}
St} o]AFSAZ horseradish peroxidase conjugated anti-
rabbit IgGE 5,0008)] 3]23Fo] AFE-3F3] ™, ECL detection
kitE AHE3Y] Xeray HEol dAFe & FA8HqI T

7. APARY FATH AA

RE A8AAL mean + SEMOE YERA W, ZF A
At 7ke] FolAd A2 ANOVA F-of Student's t-tests
k31, p value?} 0.05 "RHp<0.05)2] H-$-oIA FA
A frolido] e Ao®E HFSIgith Es 2 A9

A4 71742 SPSS ver. 12.0(SPSS Inc., Chicago, IL,
USA)= ©o]gsto] #A a3l
g 1
1. A 24 el g 3-& v A+ tyrosole] &3
KB A3zl A tyrosolol] o]t Al3EAA oAl a & A

st7] 918l MTT 48 AI3SIT) Tyrosols 10, 30,
100, 300, 1000 = 3000uM2] TFFSt H == 24, 48, 72 4

96AI17F FQF KB AEo] FoIst & MTT HAFE Al&sh
A3}, tyrosol 2] 24A|17F} 48A13HE] ol A=t
I vlaEtgls W AEA A AfolE B 4 gt
(Fig. 1A, 1B). 184} tyrosol *2] 72417k} 96A17F2] 7

>
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Cell viability (% of control)
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—A— 96 hrs \A***
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Table 1. Anti-proliferative effect of tyrosol in KB cells

Time ICsp (UM)
24 hours ND
48 hours ND
72 hours 941.8£113.7
96 hours 191.7+30.2

The ICsp values represent the mean + SEM for three
experiments. ND; not detected.

-, tyrosol A E]wr ¥} vlwsto] & o FEgE A

I AAERE = 5 e, o] A= sk (Fig

1A)8} AlZHFig. 1B)ell 224 YS &1 5 SASIth KB

AL A tigt tyrosol o] IC(FH T AAFE] 50%

S FEATE RS tyrosol A2 2441717} 484171

BFelMs AAE F oo, 22313} 96AIZkl A =
247} ok 942uM 3} 1921M©] 1 EH(Table 1).

2. DAPT Aol &3t Al 23] ) 32

Tyrosol Al wE KB AEe A7t A
apoptosis 23 FHdo] A=A TAKe7] flske] 07
1000uM 2] tyrosol= 2]t vl 2] | 4] 96417 5t w3t
¥, DAPI 945 el Al Jejstd Wsts vhkal
St} /\ﬂjfsﬂoﬂ EO]E.EE Assl= 57291 DAPI
oﬂ/\uo /\1}\]0]_3_1 ﬁﬁdulﬁo O]B_ ]_o£| _ﬂ- } @3’}
Fig. 2A°] UEbd ntkel 2Ho] tyrosol= A 2)8HA4] ob2 iz
T KB A|3Eo| A= oo AlaEo A #o] izt F3

(vy)
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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 A570,ms 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).
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Nuclear staining with DAPI
A
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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 living KB
cells. ""P<0.001 vs. control (the control cells measured in the
absence of tyrosol).

DNA fragmentation

Control  Tyrosol
(DMSO) (1000 uM)

Ladder

Fig. 3. 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.

Al g o] H21on, tyrosol 1000uME 7]
Sk Aol A= apoptosis 'HAY Al3EA AP Ao R
= 9 S5l I g apoptotic body”} THE #HEE 9
THFig. 2A). Apoptosis”} THASHA] ¢k A7FAIEZE 100%

2 7155319 apoptotic bodyE Hl&=E UERo] Hlwst 4
3}, tyrosol S HEeHA ¢k& tiZRT KB AlEME oF
4.1%, tyrosol 1000pM= A&t AZoA= 2F 89.7%=,
tyrosol &5=7} Z7Fskell Wt apoptotic body?] BlE°] 5
7HHE & 4 AUSItHFig. 2B).

3. DNA fragmentation &4

Tyrosol°ll 2]3+ KB A|3£2] Ad7g¢iA] 7145 gRlslr] 4l
3l DNA fragmentation 212 Al8JSFA T} Tyrosol 03}
1000uM= A 2] gt v x| el A 96A17F -5<F A 2]gt KB A2
DNAE FE3dfo] A7 s o g A, o=
DNA fragmentation &5 £ = $1S1.C1, tyrosol 1000uM
< A2lst A3 ol A= DNA fragmentation A= &

A3 THFig. 3).

4. Tyrosolell ¢] 3} caspase®] &4
Caspase-3, caspase-7, caspase-8, caspase-9 2! PARP7| A|
3 apoptosis®] A7} ¥ P 2[8,9,19-21], tyrosol= * 2]t

A
Tyrosol (96 hours)

0 1000 (uM)
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2
N
o

Em Caspase-3
(cleaved)

a
=]
=]

80

60

40

20

Density of band (% of B-actin)

0 1000

Tyrosol (uM)

Fig. 4. 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 [3-actin
normalization. The deviations in the results represent four
separate experiments. The deviations in the results represent
four separate experiments.
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Fig. 5. 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 3-actin normalization.
The deviations in the results represent four separate experiments.

A
Tyrosol (96 hours)

0 1000 (uM)

= Caspase-8
43 kDa _’:‘ (cleaved)
&7 k0a [ — —] practn

B

120
Emm Caspase-8

100 (cleaved)
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0 1000
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Fig. 6. 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 [(3-actin
normalization. The deviations in the results represent four
separate experiments.

A
Tyrosol (96 hours)

0 1000 (pM)

Caspase-9

37 kDa _’EI (cleaved)
47 kDa — B-actin
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Fig. 7. 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 software after [3-actin normalization.
The deviations in the results represent four separate experiments.

A
Tyrosol (96 hours)

0 1000 (uM)
— | PARP
3 kba = (cleaved)

47 kDa —| —=== === | B-actin
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Fig. 8. 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 pM
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 [3-actin normalization. The deviations in the
results represent four separate experiments.
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KB A3 A cleaved caspase- 3 cleaved caspase-7, cleaved
caspase-8, cleaved caspase-9 2 cleaved PARP &S
$13l immunoblotting= A] 2} 0}03 t}. Tyrosol= *2]$t KB

Alze] dds FEete] gRIsh A, gixaelAs
procaspase-3, procaspase-7, procaspase-S, procaspase-9 %
PARP?| &9 7}<=i-3ll(proteolytic cleavage) TS =
T AR tyrosol 1000uMS 96A17F 59F A2l A3
oA @A Tk dds FElo] B 7 sl
(Fig. 4-8).

o &

2EH Y 5 HAEECl A tyrosol>
phenylethanoid®] $F FF=A A FAsAZ e 4
A om10-14], BT Zgo] glo] A w3} X
AR 1HE AvH12,13]. 22 tyrosold] Fta vt
of 3t An= vl FFHahe, 53] 74 tyrosol
91 Aol disliAe el vk glok whEbaA] 2 Aol
= AP 7RIS KB AIEE o] &-3810] tyrosol®]

A% AL G VA Fhsh XY A7 A
& WBl3A Sel, obgel yrosolel olFF e A
8492 A Sk stk

A AAEHE ZAKBH] S8 MIT 244
tyrosol- A|7H} FEol oJEA 0= KB 779t AL
8- AAXZTHFig. 1). o= Al sk &4
2 A APEE FEshke ddadE Ad ol Aok
2 &% (curcumin, resveratrol, (3-carotene)ol|] 2] A4
o} A Zlo]gitH22-24]. Bl%0] T Aok f &
A3} vlaste] iAoz WE FE9 tyrosololl A &
3] KB 74 AlZe] APES festalth22-24]. o]
F A= tyrosolo] TSt MIAE A& %OWM] gk 5o]4
ol EFE 72 k= e AARSHY, W tyrosol 2] &
UAEAZA Y] AR 7S AAFekL Tk
A A A ol A apopt051s-4 e Aok
SARTY A=Al gl {83k Hekeo] Hn
25]. 1Y B ARE Aoks e thekst HAE
ETH UMEEZ] apoptos1sa TrJﬁ]-% ?i? s

%

¢

o

'_'é
[e=)

o

o

7] A oﬂ apopt051s7} BT R
HAE o] &5k AEE 2 63511@;’@1 tﬂﬁ} 2
fragmentation 412 AlSSATE SAke]] —‘—ETO @,ﬁi el
ok FF=4 DAPI 94 AAleta FFdv A

oj-g-sto] TS A tyrosols AEshA| & i

SEOA Be] et FElE
4 81/} tyrosol A 2|8t Aol A=
9] A8} gEo] apoptosis kA Aol A A
QA 3] 23t apoptotic body”} TF
2 e A thFig. 2). & J apoptosis 1'% &= T-E 5
Aell &8l DNA fragmentation 975 ZASH A7),
tyrosol= *|2|8}A] 92 t]Z o A+= DNA fragmentation
HAAS B 5 9o, tyrosol 22 Ad ol 4E DNA
fragmentation /-2 & 5 USUTHFig. 3). ol LAIES]
S A= FEaRE Ad oAy ek fH =4
=°] DNA fragmentations -+ %=38F= apoptosis ZHg el 2
3l SHHEES APEAIRITRE ATA 2224191 AASH=
RO 7A, tyrosolell &Jall %= KB 774 AlEZ A%
A 27 elli= endonuclease”} B4 shE| o] A3 S] DNA
7} fragmentation ¥]i= apoptosis 70| X HE= o7
Ats gt
Cysteine protease?! caspase®] A|3E U] E/dS thofst 2=
o 2J3l] F=%¥ apoptosisE 7HAIBkAL A eYsh=t] Fgh ¢
g5 shrl19-21]. AFe] *ﬂ#"ﬂ’\i 149 caspase °FF &
o] caspase-3, caspase-7, caspase-8 2! caspase-9 **0] apoptosis
S129] A3 caspase® oA 9lom, o] S& 7}7} rhoksh
AF=ell 9] 3] apoptosis7F L oE Wl proteolytic cleavage T4
o] 0101‘4‘1}[19-21 . 2 Aol caspase-3, caspase-7,
caspase-8 2! caspase-92] proteolytic cleavage &/d-S 2135}
71 93l o]52] A E 0]-83F] immunoblotting= A3 3t
A7}, tyrosol A2 AFTONA caspases2] proteolytic
cleavage T3-S & 5 SIS THFig. 4-7). PARP+= apoptosis®]
7173 & £117d death receptor-2]=2] 29| T Qg 4Rl
Zpolu], PARP H=st ofH z}=re 23] apoptosis”} Dol
o proteolytic cleavage o] Lojdt}24]. & AolA %
tyrosol 2] 218l A] PARP2) proteolytic cleavage /3=
& 7 AUTKFig. 8). o2 dt AP A= tyrosolel] &J3h
FrieEe KB 7% AlZ AGAA el caspase-3,
caspase-7, caspase-8, caspase-9 3! PARPE E3F 2]914 9]
death receptor-dependent pathway 2} 1]21/d ¢] mitochondria-
dependent pathwayE 7d1-5H= apoptosis”} 33=0] Q&=
AR 18 tyrosol©] sk 7S Al A7 Al
of Fet MlxZ W A4 7] ATE O Fstelol & 34
2 Azt
A2 0%, tyrosol AP 774 AIEF KB Al
apoptosisE fr=ato] 773 MEZFE AAAI7I= A
2 AbsErh 2 2 A0 AAE, tyrosole ©]-8-gt
AI3E A3l Ale ek skl WEES AAE S
o7 AztH,

PRI 10 1o
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