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Effect of Selective Cyclooxygenase 2 Inhibitor in TCDD Pre-exposed
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Background: Cyclooxygenase 2 (COX-2) is related to carcinogenesis and progression of cancer.
COX-2 has been detected in thyroid cancer. This suggests that COX-2 inhibitor may be useful to
control the growth of thyroid cancer cells as well as the progression of thyroid cancer. Tetrachlo-
rodibenzodioxin (TCDD), acting as an inflammatory cytokine, directly induces the expression of
COX-2. We examine whether TCDD controls the effect of COX-2 inhibitor on thyroid cancer cells.
Methods: The effects of TCDD and celecoxib on thyroid papillary carcinoma cell line (SNU790)
were examined using cell proliferation and fluorescence-activated cell sorting analysis. Western
blot analysis was performed to determine the expressed COX-2 levels and the cell cycle-related
proteins. The matrix metalloproteinase-2 (MMP-2) expression and gelatinolytic activity were ex-
amined using real time-polymerase chain reaction and zymography. Results: TCDD directly in-
duced the growth of SNU790 and the expression of cyclin D1, cyclin A, cyclin E, p21 and COX-2.
Celecoxib suppressed the growth of SNU790 and the expression of cyclin D1 and cyclin E. Cele-
coxib reduced the MMP-2 expression and the gelatinolytic activity, but those effects were de-
creased in the SNU790 by either pre-treatment with TCDD or co-treatment with TCDD and cele-
coxib. Conclusions: Celocoxib effect is directly reduced depending on the exposure to TCDD.
TCDD exposure should be considered in the treatment with Celecoxib.

Key Words: Cyclooxygenase 2; Cyclooxygenase 2 inhibitors; Tetrachlorodibenzodioxin; Carcinoma,
papillary; Thyroid gland
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Aol AR A frFUE HIZEFONUT0E Bt Al
T ZollA Yt e of AlzE FAE B SHorEA
(fetal bovine serum)(Gibco, Grand Island, NY, USA) 10%7} Z7}=
RPMI-1640 WiA|(Gibeo)ollA] 37T, 5% CO, 39| -2 <5 vk
712 jepsieich

M=ZS A 2M(cell proliferation assay)

ANEe] AEL mEZE o] succinic dehydrogenaseol] 2}
249 A 3.(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazoli-
um bromide (Sigma Chemical Co., St. Louis, MO, USA)7} H&2}A)
MTT formazan AHE= 3HIEL 0] 85 MTT assay® S5
ojul) A3 SNU7902 7+ well T 5x 10°2. 2 96 well plateo]] =3

&19.oH, celecoxib F4= TCDDE ZH7F 74 5wt AlZte] w3
o] A2/ . MIT A1k 2 well & 5 mg/mL 10 pLE 71}l
37CoIN 2417 b siekeleic, I8 He & A F Aol
A|ASFL dimethyl sulfoxide 50 pL S 2715t F 595 nmof| A 2Q] &
=2 ELISA reader (Uniskan II, Flow Lab., Irvine, UK)E ©|-83}

WA A 2245 PP 5 e 24 4pmE A
HPARE o AFdRLC. 2 ahehEs A ARE 5 ofjfhZof A Tl AL
2 5iqiet 12al pH 6.0 FAE kg o] 3HE wxjof] |
T AR 2057 7}sto] F9le] HBG AEg T Ak
AL AA 150082 348 A} g4 polyclonal anti-prosta-
glandin E2 (anti-PGE2; BD Pharmingen, San Diego, CA, USA)E ©]
& 4CoN A B2k 59k HESAIZIT 1E]al W 5 LSAB kit (Dako,
Carpinteria, CA, USA)E AH§-8}o] HAZ2A|51et S AJfa}g]
o1, 3 3-diaminobenzidine tetrachloride chromogen (Zymed Lab,
Carlsbad, CA, USA)S Al-&-5}1o] MG B Mayer's hematoxylin 2.
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Western blot analysis

A|3£3E phosphate buffered saline (PBS) 2.2 4=A]|5]aL -8-3fl
(radio immune precipitation assay [RIPA] buffer, 50 mM Tris-HCI,
pH 74, 1% NP-40, 150 mM NacCl, 1 mM ethylenediaminetetraacetic
acid, 1 mM phenylmethylsulfonyl fluoride, protease inhibitor cock-
tail solution)} E5F F A4 Fejoto] FFAS FHslkgich 19
5 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis & TH50] YT AL gafle Far H7|gs3t 5
718 E25lal 0]Z& polyvinylidene fluoride (PVDF; Amersham
Pharmacia Biotech Inc., Piscataway, NJ, USA) 9}of| 150 mA = 90
B A HL 18] 3L PVDF YRS Ponceau’s -0 @Ala] th
W2 WS SRIRE & FFE AlAS}aL Ponceau’s -85 A A5
o} 1 oh2 Ak (blocking buffer, tris buffered saline [TBSH5%
skim millk)efl A oF 1AI7F F<9F #2j3t - ARIAECOX-2, cyto-
chrome P-450 [CYPJ1A1, CYP1BI, p65, cyclin D1, cyclin E, cyclin A,
cyclin dependent kinase [CDK]2, CDK4, p2D)-2 blocking buffero]]
BjAJsto] AlaislaL, o|a} Al ZZte]l disf horseradish peroxi-
dase linked SA|S s|Ads}o] WH-A|Z] & TBS-T (50 mM Tris-HCl,
pH 7.6, 150 mM NaCl, 0.05% Tween-200= A1t} T PVDF mem-
brane-2- enhanced chemiluminescence (ECL) kit Ujof| )= HESH
A, B (Amersham Pharmacia Biotech Inc)2} S5 &5} HH-2A|7] &
hyperfilm ECL (Amersham Pharmacia Biotech Inc)of| 2=ZA|# 1]
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COX=2 oA SFA|Z AF8-3 9FA|+= celecoxib (Janssen Pharma-
chetica, Titusville, NJ, USA)©|™ 2FA|7} 3Z£8FE] RPMI-1640 HjA]o]]
A ajFaRelet. ofnf oFE9) wie 3THA| R LHro] 270 Al Z
ol A A7 Hofl 41413 wi]of|A] B8t gl=t, v AlE= pro-
pidium iodide (PD FA5H(Pharmingen Co., San Diego, CA, USA)»
ol g8} A 2718 BB

olu] AL&SH P QU T3} ek o 1x10°9] HES 28
P Blol P gt 2hpolo] H3E th) Eojeir). 17l of
S &5 pLY] propidium iodide solution (Pharmingen Co.)-& tubed]]
7K & & Egksto] oF 1587t Ao Al WEE-A]7]aL FACScan
A E E47](Epics XL, Coulter, Marseille, France) 2 435}t

—f-;—%AﬂiQI matnx metalloproteinase (MMP) &MS

Whole cell lysate@} extracellular extractsE RIPA buffer?} am-
monium sulfate fraction 52] HH o 2 BEalskict ojuf cell ex-
tract®] Z17]1%%7]+= mini protein I system (Bio-Rad, Hercules,
CA, USA)& AR5, AREH gel 25 mLe] 15 M Tris-HCl (pH
8.8), 3.3 mLY] 30% polyacrylamide, 10 pLe] 10% SDS, 3 mLe] 5
F45 100 ple) 10% ammonium persulfate, 123 2 pLe] tetra-
methylethylenediamine (TEMED)E FAJS1L Q= buffero]] 1 mg/
mL2] gelating 3Z3}3HL Q1= 10% polyacrylamide Z1}F 540 pLe)
30% acrylamide 500 puLe] 1 M Tris-HCI (pH 6.8), 2.83 mL2] dis-
tilled water, 40 pL.2] 10% ammonium persulfate, 4 uL2] TEMEDZ
Agelick

A= 50% glycerold} 0.4% bromophenol blue7} Z3+E 1 M
Tris (pH 6892 oS04l dye 2 1/22 S4J510] Aol AHE 34
g, o]uff 24 mM Tris, 192 mM glycine 0.347 mM SDSZE o]Fof&]
buffergoll 4 80 VE 2417F A7]195-2 33tk 18 & H7g52
2 Aoj AL 25% Triton X-1000] @0] Hoefer rocker (Hoefer In-
strument, San Francisco, CA, USA)Z 3057} 23] Aloj& T2, 100
mM Tris-HCI, 5 mM CaCls, 0.005% Brij-35, 0.001% NaNs 2 0|20}zl
collagenase buffer (pH 75 37 Col|A] 6A17F 59t HH-AIFCE 1
2]aL 05% Coomassie brilliant blue G-250 (50% methanol, 10% ace-
tic acid) FAHH| A JASE T} 40% methanol} 10% acetic acid
£ o]Fo|xl TrgAel o 2 EPHAIY] - band E 2HelsH3IT

O] F0JZ 4% polyacrylamide stocking 21

Real time polymerase chain reaction (PCR)

mRNA S AeFro @ whasl] o) AlZ2 jekAz)
RNAE- TRIZOL reagent (Invitrogen, Carlsbad, CA, USA)E- 0|85 }01]
FZ5Ic) o] &3t 1 1g? total RNA® oligo-dT, M-MLV

reverse transcriptase, RNaseOUT, 25 mM dNTP (Invitrogen)& 7}
3to] 95°Col| A 55, 42704 6087t BHEA1A cDNAS 3HAJ8lsITh

Real time PCR-2 assay-on-demand HH . & TagMan probe (As-
say ID Hs01548733_m1, Gene bank accession number NM_004530;
MMP-9: Assay ID Hs00234579_m1, Gene bank accession number
NM_004994)5 918t t}-2- TagMan® Universal PCR Master Mix
(Applied Biosystems, Foster City, CA, USA)} 23}5}0] ABI PRISM®
7700 Sequence detection system (Applied Biosystems) 2. = quanti-
tative PCR 222 A|3¥3}ic} o] PCR ¥H2-0] 21L& 50°C°ﬂ/\1 2
5 95CollA 10427F RESAIXT Th3 95T llA] 152, 60T A] 1
403] WH=sto] H-3-A|Z{Tt

ES} annealing Z73}o|A] TagMan probe+= template DNA2}
E0]2 0 & hybridizationd}A]TF %342 quenchero]] 2J3} 2JA4|=]o]
Ql=t, extension BF3- A] Taq polymerase7]- 7115 — 37 exo-
nuclease 240l 2J3f] template”} £33 quenchero]] 2Jgt 14|
7t oaso] e e AEeknt o7 wre g of
1 Q)= (DNAE &x}A 0 72 5|A8He] standard curveE WS
HESAIA A& 93 352 endogenous control®] 37k v]E
Z gHbsto] 7t A|sEgh 7He] mRNA U3 s vl wshgic

S xz2|

GraphPad Prism ver. 4 3 2 T3(GraphPad Software Inc., La Jol-
la, CA, USA)] ©J3t ttestgher 0183101 A A=I3t3ir:

zd J-_|_|.
MM EUZ0|A PGE29] ‘W

AT COX20] WU RS B4 Sls) 2 22Tt
AP S0 2104 cox29] Aol WK o R g &
& PGE29] el BAYR Ak Ml R g olld PGE27F That
el Zo] TAEICkFEg 1. of2et Azt Cox2 AAR7H T
‘R FIARAR o8- 7 ke DA AlMsh= Aoltk

SNU790 MIZZ0i|l A TCDDO]| oI5t celecoxibe| 242 St
A

SNU790Z thefet TCDDE gteo] 724K 54k Z=3AR1 &,
MTT assay®] WHlE o]-&-ske] A|:29] 42 413 23}, TCDD
of &fgto] SNU790 A7} A== Aol THEkE|glek shAeE 10
nM O]A4k2] TCDD ol|A] SNU790 |3 2] 47Fo] 5 nM TCDDE.
o} WA UERTHFg. 24). 3] SNU790 A32o]| celecoxibE H&
HE AP o, ol weh Aoz o] Aol oA
B Zo] TEEoH, 2AHS H2f3E uf ICHgko] 15 nME



SN

TR SITH(Fig. 2B). T TCDD®} celecoxibE ¥ atsto] A2]3lS uf
= celecoxibel] 2Jg+ 437 AA|7F 194l ZHAas}= Zlo] ¥aEglom,
TCDDo|| 2J5}e] AdAFo] W& 10 nM TCDDOJA] celecoxibol| ]38t
37 A7 71 Bk o & vrefub Ao I Slrk(Fg. 20).
TCDD7} A SAll229] /g7el ofwet JaF-& F=A1E 24
7] 918l SNU790 All225=0]] 10 nM TCDDE A2t -, 4A17F 8A]
7k 12]aL 12407 3, AlaEF7o)) ofsts Thl S FARH At

TCDDO| &fgto] NZF7|5 28k thilde] Whalo] =A%+
Zlo] TAERN o, Al7ko]| whel cyclin D1, cydlin A, Z12]3L

EQ] delo] 57k Qlek ERE TCDDO] ofsto] p219] whazlo
| ACHFig. 3A).

T TCDD]| 2J}0] COX-22] o] Al7te] met /1= Aol
W0, TCDDO] o}l Hhelo] ZAEh= CYPIALY] HElE
Z7Te= Alo] WEEATHFg. 3B). TCDDE} celecoxibE 12A|7F
0k 22t 5o wReistel Alnay] B SR Wag B
A At RIS 1 celecoxibol] ofste] 4 cyclin DI,
cyclin A, 12|32 cyclin E€] @r&o] thA] TCDD Ths0 = A2|H 7
2901 Zro] Z7}E|= Zo] TALE|QITHEIg 4A). 12|l celecoxibo]]
ofs1o] 78 COX29] #lo] TCDDS} WA Ei9ke o k4
© A7t oFsA| A= CYP1ALS] e celecoxibol] ©J3}
OF7k FaEl= Zlo] TAE AT, ARt 9= TCDDE
EHEAJRIR 9.2} o] CYPIALY] Hralo] Z7}Eli Ao] v
QIch(Fig. 4B). ST fluorescence-activated cell sorting analysis& 4=
33+ A} 15 nM celecoxibS SNU7900|| A2]3t A9, G137} G2/M
o] oAEl= Aol WEEH oL, TCDDE A3t 749+ 15 nM
celecoxibe]] &} AA|E|A] ¢F= Zlo] T ThHFg. 5).

2

TCDD7} celecoxib0ll 218 MMP2| &t&d 2AR||of| O|X|= H&t

Celecoxibi= N EAFEANS £418H ¥ ohujz}, MMPL] Zdo] 9
[ e S : TR [ L L
TS X | * :

Fig. 1. Normal thyroid tissue (A, B) and papillary carcinoma tissue
(C, D) are stained with monoclonal antibody against prostaglandin
E2 (PGE2). On immunostaining, PGE2 is over-expressed in the pa-
pillary carcinoma.
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Fig. 2. Effects of tetrachlorodibenzodioxin (TCDD) on the celecox-
ib-mediated growth inhibition of the SNU790 cells. (A) The effect of
TCDD on the growth of SNU790 cells. After the SNU790 cells are
treated with various concentrations of TCDD for 72 hr, MTT assay
are performed to determine the growth effects of TCDD on the
SNU790 cells. Fold changes are calculated by dividing the growth
of treated cells by the growth of the controls. (B) Effect of celex-
coxib on the growth inhibition of SNU790 cells. After the SNU790
cells are treated with various concentrations of celecoxib for 72 hr,
MTT assay is performed to determine the growth-inhibitory effects
of celecoxib on the SNU790 cells. (C) Effects of TCDD on celecox-
ib-mediated growth inhibition of the SNU790 cells. After the SNU-
790 cells were treated with co-treated with 15 nM celecoxib and
various concentration of TCDD (1 nM, 5 nM, and 10 nM) for 72 hr,
MTT assay was performed to determine the effects of TCDD on the
growth-inhibitory effects of celecoxib on the SNU790 cells. Fold
changes are calculated by dividing the growth of treated cells by
the growth of the controls.
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S F%e A Al &Pk §le, ool Moo AR amrt 9l A A1} gelatinase®] /o] TCDDO] oJste] F7heli= Zlo] ¥
o] FFE| L itk wEbA TCDD7} celecoxib®] MMP 8 4| & E|A] 93k, celecoxibol] &fake] AAFA O 2 AAE= Ao]
= Aset=A1E E4517] $J8l TCDDE} celecoxibE SNU790 =9Je} 183l TCDDE} celecoxibS A 2]gt A% celecoxib
Azl Wetxzlskar, Aetel f42] 2447} type IV collagenaseS] of| ot gy oA W i oA Eaprh R ebch(Fig. 6A).

MMP-29} MMP-99] HF&-S- real time PCR HP¥.0 2 HLAaholc) 1 1 , ; )

c 4 8 12 (v W e — Cclin D1

q
e e e e, CyClin A

— — —  C\yclin D1

W e ﬁ i M Cyclin A - - s CyclinE
e — D21
S s S S CyciinE
Pammm—_ T ¥ o
—— — S e 1 1 2 3 4
— — | COX-2

e S R S -:cin o _ CYPIAT

C 4 8 12 (o) — — — — -actin o

- - S B COX-2
Fig. 4. Tetrachlorodibenzodioxin (TCDD) reduces the inhibitory ef-

L — — a— VDA fects of celecoxib on the cell cycle-related proteins and cyclooxy-
genase 2 (COX-2) of the SNU790 cells. After the SNU790 cells are

) treated with a combined treatment of 10 nM TCDD and 15 nM ce-

m'- B-actin @ lecoxib for 24 hr, the whole cell lysates are isolated to determine the
expressed levels of the cell cycle-related proteins (cyclin D1, cyclin

Fig. 3. The effects of tetrachlorodibenzodioxin (TCDD) on the cell A, and cyclin E) and the COX-2 expression. (A) TCDD reduces the
cycle-related proteins and the cyclooxygenase 2 (COX-2) expres- inhibitory effects on the expression of cyclin D1, cyclin A, and cy-
sion of the SNU790 cells. After the SNU790 cells are treated with clin E. (B) TCDD reduces the inhibitory effects on the expression of
10 nM TCDD for 24 hr, the whole cell lysates are isolated to deter- COX-2. Lanes: 1, Control (The SNU790 cells are treated with vehi-

mine the expressed levels of the cell cycle-related proteins (cyclin cle); 2, The SNU790 cells are treated with 10 nM TCDD for 24 hr;
D1, cyclin A, and cyclin E) and the COX-2 expression. (A) TCDD 3, The SNU790 cells are treated with 15 nM celecoxib for 24 hr; 4,
induces the expression of cyclin D1, cyclin A, and cyclin E. (B) TC- The SNU790 cells are treated with combined treatment of 10 nM
DD induces the expression of COX-2. CYP1A1, cytochrome P-450 TCDD and 15 nM celecoxib for 24 hr. CYP1A1, cytochrome P-450
1A1. 1A1.
Control COX-2 inhibitor TCDD COX-2 inhibitor with TCDD
N1 N2 N3 N1 N2 N3 N1 N2 N3 N1 N2 N3
H—— 80 H— H———

3.13%

3396%

Events
Events

FL2-A (A) ’ FL2-A (B) () ’ FL2-A (D)

Fig. 5. (A-D) Cell cycle analysis of the SNU790 cells. After the SNU790 cells are treated with 10 nM tetrachlorodibenzodioxin (TCDD) only, 15
nM celecoxib only, and combined treatment of 10 nM TCDD and 15 nM celecoxib for 24 hr, respectively, the SNU790 cells are harvested and
then are stained with propidium iodide. The stained SNU790 cells are subjected to analysis of the alternations of the cell cycle.

COX-2, cyclooxygenase 2.
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Fig. 6. Tetrachlorodibenzodioxin (TCDD) reduces inhibitory effects
of celecoxib on the cell gelatinolytic activities and matrix metallo-
proteinase (MMP) expressions of the SNU790 cells. (A) TCDD re-
stores the reduction of gelatinolytic activity by celecoxib. (B) TCDD
restores the reduction of MMP-2 and MMP-9 by celecoxib. Lanes:
1, Control (The SNU790 cells are treated with vehicle); 2, The SNU-
790 cells are treated with 10 nM TCDD for 24 hr; 3, The SNU790
cells are treated with 15 nM celecoxib for 24 hr; 4, The SNU790 cells
are treated with a combined treatment of 10 nM TCDD and 15 nM
celecoxib for 24 hr.

MP-2 gh&lo] Aelz] coX-2 AA|
9] gteof what ZX*‘:‘E% 2L B A5 23] TCDDES SNU790 Al
Hof| A HElet &, chofel o] AlElz CoX-2 JAAE Aeslar
real time PCRES E3}o] BA15190ch £4] Ax} TCDDY]| 2Ja}o] vt
@o] Z7HE MMP-2t= 15 nM9] A4 COX2 Aol 2fsto]
o] ez A& & 4= ULH(p<0.0D (Fig. 6B), 15 nM2] A
e2 COX2 AAAl SJaial= A=A G A TS 4= 9
AcHp>0.03).
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i g Rl RS R N s LR S e U e
o] COX-29] Fprao] oA Aol A] T ar gl
A= COX29) BB Bo] FY2] W] Zat
mioll 52102 FYA|Z A CoX29] Hd =4
o] AJETA EAL sl g nke T20] B Ao}
53] dxAollA cOX-29] ppEhao] AlsApdAte] tigt A2 o]
A3} eteto] glom, EEAHE $a COX2 IS Foltol
OFAI7E NZAPEALS SHIAZ]AL Al 2SS AR e 9
Wl 2 askick E3E COX-27F oF Bhgol Qlo] Fagh AT
Hol, QHIES] B NS AL L) g, ¥
A NSAIDsE Folgt tiahet Akt AEEo] S7H6Igkaol
oA giek
Prescott®} Fitzpatrick®-2 JHAJZ]0] ¥50] G4} & X=X
Fto] oFe] wple ZXITkL 1 5190w, Berg 54& §2
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