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The Mechanism of Cell Growth Inhibition and Apoptosis by
Cyclooxygenase-2 Inhibitior in Oral Squamous Carcinoma Cells

Young Eun Kwak, Nam Kyeong Jeon, Jin Kim and Eun Ju Lee

Departmeny of Oralpathology, Oral Cancer Research Institute, Yonsei University College of Dentistry, Seoul 150-752, Korea

Recently, prostaglandins have been reported to influence cell proliferation resulting in cancer develop-
ment and progression. Prostaglandins are synthesized by cyclooxygenase (COX) pathway, COX-1 is
constituently present in most cells and tissues where produce prostaglandins, while COX-2 expression
is a critical part of inflammation and plays a major role in defending against exogenous stimuli.
Moreover, COX-2 has been known to be related to cancer progression. Accordingly, cancer prevention
trials have been applied by use of COX-2 inhibitors. Several putative targets have been proposed to
account for NSAID-induced growth inhibition and apoptosis. This study was aimed at investigating the
growth inhibitory effect and apoptosis mechanism by selective COX-2 inhibitor, celecoxib, in human
oral squamous carcinoma cancer (OCC) cell lines. As a results, Celecoxib inhibited the growth of the
cell lines in a dose dependent manner. Cell cycle kinetic analysis demonstrated that Celcoxib induces
a delay in cll cycle progression and a G1 arrest. This induction of a Gl arrest was associated with
the up-regulation of cyclin dependent kinase inhibitors (CDKI) p27KIPl and P21 In adddition, 70
uM Celecoxib induced apoptosis through caspase-3 pathway. In conclusion, this study indicates that
COX-2 specific inhibitor celecoxib induces apoptosis and cell cycle arrest in two oral squamous
carcinoma cell lines. (Cancer Prev Res 11, 89-98, 2006)
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Holsd wol & A2 44 F4& F3a

RS ok & cox29] #AHI f = b o

A Ee = AT Aols
°7

19713 Vane 5ol 234 NASIDs (Nonsteroid Antiin-
flammatory drug, NASIDs)] Z}-&7]71 9] arachidonic acid =
Y Z2aEadd FAAA A B olge AR
BEHT e B B LSS vl 2o
TA 9 k&l olAayd 5& COX-1¥ COX-2 F 7}A
oo BT AEste 945, F5A 5 AR AAR,
AAY, A Gl 59 F2Eo] BASAT 2t H
Zoll = COX-20|7k S0l 07 wkgate], A7 oF
E5 AMgste] R8-S Haststee A7 I &
olth.

AA7A AFe A cOoX-22] A&tz ) A 7} ofoFet
dFo] BAAAF S A, AQANNAE, 7+ ¢F A
G olw g 71 oJefx cox-27t %*zﬂﬂ A @A
geetA W AA gtk webd B A3 7S
Mol COX-2 A& H A Ao o3t *ﬂ —’717]94 5}
E B AEET A EHRE Gotra AxzAE 71H
ATFE Tl TAEY A A5 A Lo}
Bz ¥k
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1. MI Y

2 A7 Fde AEF T YD-38 A £ 9} YD-
10B A X, leCIPUWAFl (Delta Biolabs, Gilroy, CA, USA)3}
p27°"" (Santa Cruz Biotechnology, Delaware Avenue, CA,
USA)9] 9FA t &9l MCF-7 A|¥+= 10% fetal bovine
serum (FBS:Gibco, BRL, NY, USA)e] & 7}% high-glucose
Dulbeco’s Modified Eagle Medium (Ig-DMEM; glucose 1g/L,
Gibco BRL, NY, USA) H A& ¥ 1L 5% CO,, 37°C v ¥7]
ol A B sttt Ml EE 70~ 100 passage2 AM8-314
3, 70~80% FE At 1:30% BFate] At
g AZE A o] &3t

2. MESTE =%

Celecoxib (Pfizer Inc, New York, NY, USA) 2] u}&
AEZ AEES SA37] 935H 96 well platesol] 20001
2x10°70 9] YD-38 A Z %} YD-10B A|ZE 24A)17F 9
B 93k &, 10% fetal bovine serum (FBS: Gibco, BRL, NY,
UsAyo] A7FE viR] o) celecoxibE 0~1000M FEE X
g3t 37°CoAl A 72417 ¥H-& A7l & 3.4 5-dimethyl N-
methylthiazol-2-yl-2, 5-diphenyl tetrazolium bromid (MTT;
Sigma, St. Louis MO, USA) ZAAIZ YD-38 A X2} YD-10B
xﬂﬁgl NEAZES =AU MTTHARS 0-100uM

T2 X g3 YD-38 A ¥ 9} YD-10B A|¥E PBSE F
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H A A S MTT-E 9 -S 37°Coll Al 3A12F A 2jsk &,
oS B 2] dimethyl sulfoxide (DMSO; Sigma St. Louis
MO, USA)E =] o] ELISA reader (Bio-Tek Instruments,
Inc. Winooski, VT, USA)ZE A}-&3}e] 570 nmo| A SF =
g 23590,

3. JME EMVIE TE MEFT| 5%

TASE A EE 6 well platesol] M3E7} 50~60% B=
A2} celecoxibS 24, 48, 72A17F 283 3, YA BE]7]
2 AIXE E23Y 100% ethyl alcoholZ 1174 3} T}

IAE M 3Eo|| PBS (phosphate buffered saline)Z F ™
/H] %] 3. RNase A (Amresco Cleveland, OH, USA)$} PBSE
18 HIEE AEo] HolE F, 37°CAlA 3023 WHSA]
zir/} 308271 d9F-&- —:?i PI (Propidium Iodide, Sigma St. Louis
MO, USA) §4 0.2 dlo] DNAS HM3sle FAHX B4
7](FACS: Becton Dickinson, San Jose, CA, USA)S S3f &
stgth 71712 JUEbd AALe] A& Modfication Fit LT
2.0 program (Verity Software House, Topsham, ME)S AE-5}
of EAsIAT 28 A & YEide S2EaH, F Hx

YL GGl ATAReR EAGYeH, 1 ¥
Wo) BRI AA GaM 7)o MR BHE e

ek Ap

4. COX-11} COX-29| H#E =Y B4

T S AEPTo R FASAT

T7¥eFE M L 32 YD-38, YD-10B A| X
ICso 5 =8l 37UME 24, 48, 72 A| 7+ F9F 283} COX-
13} COX-29] L& Yfe WstE
239tk RIPA buffer (150 mM NaCl, 0.5% Triton-X 100,
50 mM Tris-HCl, pH 7.4, 20 mM EGTA, 1 mM DTT, 1
mM Na3;VOy, protease inhibitor cocktail tablet (Boehringer
o] gzt AEXE &3
A1Z1 3, 12,000 rpmol| A 10E-7F A5t A59S
3]<4=3} a1, BSA (Bovine serum albumin: Sigma, St. Louis, MO,
USAHE Sl dS Hakd sttt 2428 M E 3o
A Be wlA 30pugS 5xSDS sample buffer (60 mM
Tris-HCl, pH 6.8, 4% SDS, 25% glycerol 144 mM 2-merca-
ptoethanol, 0.1% Bromophenol blue)el] ¥ SEZF 100°Co|
2] denaturationA] 7 10% SDS-polyacrylamide gelol] 4] 80VE
1A1ZE, 120VE 2A17F B¢F A7) %53 & nitrocellulose
membraned]| 27T} MembraneS 5% fat-free dry milk-
PBST buffer (PBS, 0.2% Tween-20)°| 4] 2A] 7t 5} blocking
S}al, 1xBST buffer2 3WA 10837F Al HeATh 13
antibobyt™= COX-1 (Santa Cruz Biotechnology, Delaware
Avenue, CA, USA), COX-2 (Santa Cruz Biotechnology, Dela-

o celecoxibS

western blot analysisZ ¥

Mannhein, Mannheim, Germany)E&

ware Avenue, CA, USA)S A}£3}4], 3% fat-free dry milk-
PBS bufferdl]l Z}z} 1,0008) 3 A&t Ao A A7 &
L& 4°Co| A over night3F 3 1xPBST buffer2 3HA 10%
7t Al A8t} 23F antibody= 1 :2,0009] H]&Z COX-
12 anti-mouse antibody (Cell signaling, Beverly, MA, USA),
COX-2+ anti-rabbit antibody (Cell Signaling, Beverly, MA,
USA)E ARE-ate] 2ol A 407 ¥H-&-A17] 3L 1xPBST
buffer2 10E7F 3 A 2 5}$0 ). Enhanced chemilumine-
scence (ECL:Amersham Pharmacia biotech, Piscataway, NJ,
USA) detection kit (Amersham Pharmacia biotech, Piscataway,
N, USHE 933 %, 71 A%E AASD AAE
o]l ¥ o] nitrocellulose membrane (Pall Corporation, Northern
Boulevard East Hills, NY, USA) $]ol x-ray @25 T3 &
N7 %, aasd A3E BB

5. TUNEL assay

38 M| Z 9} YD-10B A EE 6 well platesol] 4x10°/ml
Er B AZ7} 60~70% AT AebH, Celecoxib® 7t
37, 70, 100uM ] 2] 8] 24| 7t FQF wj kTt wl
dAZE QARY7E 283t 1x10°/mlS A Zuj
setol=d &9 §F, AE nFAoR AEE 1A
st 7+ &8fo] = Tris-HCIE-H(PH 8.0)0A] 108 &
QF A= 8]}l 2087t proteinase K (Sigma, St. Louis, MO,
USA)E A 2]ttt PBS &40 2 £A3 F 3% H0,Z
Z Ao Q& peroxidaseS EZA A 7)1 PBSE THA| G4
Sgith ez B2e A8 FAUzEd o
&) DNAZ A 7AXA 3h= bufferZ 1057+ A3 2] 5}k
DNAase I (F. Hoffman-La Roche Std, Basel, Switzerland)©. &
2027 HFSA)A 9 A0 2 DNAZ WASIA| AT Tra-
nsferase-mediated deoxyuridin triphoshate (TdT, SIGMA, St.
Louis, MO, USA) bufferol 4] 15837t A *]2]3F &, terminal
deoxytransferase®}  biotin-16-2’-doxy-uridine-5’-triphosphate
(dUTP, F.Hoffmann-La Roche Ltd, Basel, Switzerland)= 37°C
A 3A17E Ft §EEAIA dUTPE EA8HTH 54
Zo| A= terminal deoxytransferase A4S X 2] 3}A &
ot 549 R3S FAA 7| = bufferl] A 1027F 27t
A HFS-S EA] A7 Bo) 2% BSA (Sigma, St. Louis, MO,
USA)ZE 1587t blocking 3}$3 a1, PBSE A & streptavidin-
peroxidase (Sigma, St. Louis, MO, USA)Z 30E7} WF-2-A] A
DAB (Diamino-benzidine, 3.3-diaminobenzidine tetrahydr-
ochloride: DAKO, Glustrup, Denmark) 2 WA Z T}, T &
AL puclear fast redS AFESFTE o] @AV 855
9, 70, 90 283 100% NELALE D3 &, FAdt
SELLEEERIEE TR
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AEZAR 22 wede] wde zA80) 99
YD-38, YD-10B A £ E 7Z}7} 6 well plated] 2x10°7] ] A]
X E BE vkt & celecoxibE 1G5 EQ] 37UM E 24,
48, 72717t Z9F X 8)3te] RIPA buffer® @S H

% 30w BHAS A7) Ik AzAgEA
ol A o] leCIPl/WAF1 (Delta Biolabs, Gilroy, CA, USA) ¥}
p27KIpl (Santa Cruz Biotechnology, Delaware Avenue, CA,
USA) A& 1:10009] HIE&Z ARS-SFGITH Al ZAFE o
=93 98-8 S}= caspase-3 (Cell Signaling, Beverly, MA,
USA) 9} caspase-9 (Santa Cruz Biotechnology, Delaware Aven-
ue, CA, USA) HH S W79 $1¢t FLsHA AEE ol
&S 3, celecoxibE 70uMS 4, 8, 12, 16, 24A|17F &<t A
gete] @A S g £, s0uge] S AS W) @
53} western blor0. 2 Tl wbe S E M3}

7. AN
BE 49e 304 AgHgon, daz i sl
3t F-2] 4L two sided t-test WHS o] &3t SA A€
Sk B wmre) A B ¥EPAE Y2
o, pgte 0.0594 FIAHS AAIATH
74 J—_ll_

1. Celecoxib?t FZEMEL| ol O/X|= 2t
)
—

Celecoxib®] F7AE AAA
YD-38 A9} YD-10B A EFE 84 (10%) B Aol A
celecoxib® 0~100pM FTEZ 72A|7F F<F A5
MTT assay@™ TaASIATY. BAFOZE Fadt AAAA
EHRE YEHE Celeoxib HA Fof 7 20pMo| A o1,
YD-38 A E 2} YD-10B A| E 2] AFEAEE-0] 50% 1A H
E 559 IG5, YD-38 A| L= 37uMo| A YD-10B A%
< 45uMol| A A EZBEEC] 50%E 745 A ThFig. 1).
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2. YD-38, YD-10B MZOlA COX—-1, COX-2 &%
Hiu

TAYE MEFS YD-38 AESH YD-10B A Eo
COX-2¢] AdHA A A Q] celecoxibS &5}l COX-1
(72kDa)Z} COX-2 (72-74kDa)9] W3S Bt B AF
Aol AP B A& FE F, IG5 ES 37IME
Z}Z}y YD-383} YD-10B A 3Eo)| 2]E]3F 3 0, 24, 48, 72
AZE Eehe] HEgS Bkt YD-387 YD-10B A2 B

T oA COX-1& celecoxibE A sl % ZHAdHA] &k

120

100

80

60

Growth (%)

40 1

20 1

0 T T T T T T T 1
0 1 10 20 40 60 80 100

Celecoxib concentration (uM)

Fig. 1. Inhibition of cell growth with celecoxib. Cells were
seeded onto 96-well plates at 2.5x10° cells/well, and were
treated with different concentrations of celecoxib, and the
percentages of growth inhibition were determined by MTT assay
after 72-hours of treatment.

o 28y COX-2& 48274 ZAE R Y. COX-1
7} cox-29] TH Y] H]&-L celecoxibe] 2] A|Zto] 2
TE 723190, celecoxibs A 2] 3FA] &2 A2} H
WA o, 48AZFAXFEEH fFodt Ao]E H AT
(Fig. 2).

3. CelecoxibZt FTHMES] MEFI|IEE0 O|X]|

= O3aYyk
— OO

CelecoxibZ =% YD-10B A|X =219 AA|7} A|E F
71¢} #HAo] J=AE &st7] 3] YD-10B & YD-38
M EZE 24, 48, 72A17F FQF celecoxib IC5oS 2] 2] sFd F
AEEA 72 BT CelecoxibE A 2] 3HA] &2 Al
FoMe ARAYL AZF7I7F FAHJS M, celecoxib
E 23 A Eo| A= S phase®} G2 phase’} 7434,
Gl arrest7} =5 A THFig. 3). o]# 3t A3} 244 7F
celecoxib 22 g Fol A F-E] Al Zpsto] 72417174 A] 4]

% 91 thFig. 3).

4. CelecoxibZt MIZEZFJ[0f HLto TOHOL= HHE
ol OIXI= 8%

NEF7)1E ZA3HE CDKIF Gl A EF7]0] B3}
E oyding BB 7] p2197 VA ) p27 T g
o] B8 AT E western blotS £33 #23Th YD-38
MZAA p219TVAe M )R] koY, celecoxib 37
IM A 2] T 24AI7HRE] B E Gl oH, p21P VA o] uk
o] F7= celecoxib A 2] A 7ol QEH O F F7)8}o]
7227kl A sl =748k Tk YD-10B Al A 223k
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Fig. 2. COX-2 expression in YD-38 and YD-10B cell lines. Western blot analysis of COX-1 and COX-2 protein expression in human
oral squamous carcinoma cells. Cells were incubated in the presence or absence of celecoxib (37uM). At different times, human
oral squamous carcinoma cells were lysed, and western blot analyses were conducted. Data quantified by densitometry and calculates
the COX-2/COX-1 ratio. The relative COX-2/COX-1 ratio represented the level of COX-2 normalized to the relative COX-1/-actin
ratio. Each bar represents the mean=SE of triplicates, and the representative of three separate experiments. *p <0.005, compared

to celecoxib OuM.

A
YD-38 control

YD-38: 37 uM celecoxib

] . G1
<% <%
3 @
Q | Qo |
€ S
3 1 >
S £
T T ]
O 7 O 7
] ] S
0 20 40 60 80 100 120 O 20 40 60 80
DNA content DNA content
B
YD-38 Control 24 h 48 h 72h
G1 52.1+10.6 70.3+6.0 79.7+£5.8 77.9+71
S 344+31 20.3x2.7 16.6+4.4 13.94+3.5
G2 13.4+7.5 9.3+3.4 3.6+1.6 8.0+9.9
YD-10B Control 24 h 48 h 72h
G1 48.4+1.7 704+24 63.2+10.6 694+79
S 38.9+24 19.7+34 18.7+9.8 16.5+3.5
G2 13.1+4.1 9.6+1.0 17.5+10.9 142444

Fig. 3. Effect of celecoxib on
cell cycle distribution in YD-38
and YD-10B cells. YD-38 and
YD-10B cells were incubated in
the presence or absence of
celecoxib (37uM) for 72 h. (A)

oL Human oral squamous carci-
noma cells were incubated in

the presence or absence of cel-

100 120 ecoxib (37uM) for 24 h. (B) Cell

cycle analysis was performed as
described in Material and Me-
thods. Results from a represen-
tive analysis as shown. Cell
cycle analysis of celecoxib-trea-
ted human oral squamous car-
cinoma cells Data are presented
as mean (%)*SD (n = 3). Hu-
man oral squamous carcinoma
cells were subjected to celecoxib
treatment (37uM) for 24, 48, and
72h. Cells then were harvested,
and the cell cycle profile was
analyzed using flow cytometry.
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37 uM celecoxib
Treatment time (h)
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Fig. 4. Western blot analysis of
p21 and p27 protein expression
in human oral squamous carci-
noma cells. (A), (B) Effects of 37
M celecoxib on P21 and p27 in
YD cells for 72h. (C), (D) Effects
of 70uM celecoxib on P21 and
p27 in YD cells for 24h. Actin
was used as a loading control.
Po; positive control, MCF7 cells.

YD38-control
w
- - ’ . ¢ .
» . .
. L)
(" ’ B
- . .
s
r e El
.
’
. § . b
-
. . o o
*
‘e . . .
g .
» ¢ . ’
d e ’ .
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Fig. 5. The TUNEL method was employed for the detection of DNA fragmentation and apoptotic bodies in cells. Using the TUNEL
staining, positive apoptotic bodies were identified as dark-brown, round or oval in shape. Most apoptotic cells contained multiple
brown apoptotic bodies. Negative controls were performed using distilled water for TdT Enzyme in the preparation of working TdT.
Cells were treated with celecoxib for 24 h with 37, 70, or 100uM. Very few apoptotic cells can be identified at 24 h after treated
37uM celecoxib. Doses of 70~100uM were sufficient to induce significant apoptotic changes.
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70 uM celecoxib

Treatment time (h)
0 4 8 12 16 24

canase 0| M
P ; < 35kDa
Caspase-3 N« Proform

Activeform
17 kDa
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70 uM celecoxib

Treatment time (h)
0 4 8 12 16 24

Caspase-3 <+—35kDa
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Fig. 6. Celecoxib induces activation of caspase for apoptotic cell death. YD cells were treated for 0, 4, 8, 12, 16, or 24 h with 70
M celelcoxib, Caspase activation was then determined by Western blot analysis of cytosolic extracts with specific antibodies against

the cleavage products of caspase-9 and -3.

2 e Foll A} p219TVA e WMHE g 2] ekgk o}, Cele-
coxib 28] - 2417k A 2F3}A| EE ] 48A]117HA]
T A = AThFig. 4). IG5y FERTH F2 70uMS 44| 7H
] 24217747 228152 ), YD-38 A E oA p21t A
S 4AZFA A EE EE st 24X 717kA] R o] A H
A THFig. 4). Celecoxib A 8] & p27"" Gl A o] HHAP T
= YD-38 Al Eo A= YA ETLoZ AFE-S MCF-73
LA A, Celecoxibs A 73 AF3HA] F2
oA BT W EA] ¢Fgtot} YD-10B A E A= Cele-
coxibE A 2| e}A] &2 oA A HHE T}, 244
HRE wd o] Frhete] 48A1217hA] o] sulf F7ta)
Qom, 72X 77 A] p27< o] gl A wE e f A E T
(Fig. 4). YD-10B A E ]| 4] 70uM celecoxibS =] 2] 3+ ¢,
p27°71 0] ML 4A 7k A LE o] 2441717k A] @
o] A= A THEig. 4).

5. Celecoxib?t FEZSMEL MIEAIZY OIX|= BT

YD-383%} YD-10B A 3E 0 IG5 =9 E5E 21 celecoxib
2] Tl AZALE AojhA] obis] $fejo] TUNEL
sy AR ADEEE 1R MG T
F&Q 70, 100iMe Z7F 24413 St AT Al
TAHo] Yol A Z9] slo] BT ANF A Eo
A A YOI AS SATE. 2 25}

oA 7HE B AEAPEC] FFEACH, 100uMol| A
= celecoxib®] EA 0 & <13} *1]_?_4»]/\]-7]- ShA oyt
CHFig. 5).

6. CelecoxibZt FTHMES] MEAIZO ZUO{OH=

A OX= BT

Caspase> M EAIE S F3sle= 8 dd gaih2

1E 3 ek wekA YD-383 YD-10 Al Eojl A Lot
A FEAPE O] caspase] FA 3] BAHJE=AE B7] 9]
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