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Purpose: Cyclooxygenase (COX)-2 plays an important role in promoting
cancer cell proliferation and angiogenesis in human bladder cancer. In this
study, we investigated the antitumor or antiangiogenic effects of selective
COX-2 inhibitor on N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN)-induced
rat bladder tumorigenesis.

Materials and Methods: Forty male Fischer 344 rats (control) were given
only 0.05% BBN, while 40 rats (experimental) were administered 1,500mg/
kg celecoxib once daily and this treatment started from 1 week before
their BBN treatment. Ten rats from the control groups and the experimen-
tal groups were then sacrificed at 4, 12, 16 and 24 weeks after BBN treat-
ment. We observed all the bladders macroscopically as well as microscop-
ically, and we measured the COX-2 expression in the bladder tissues.
Utilizing a cDNA microarray, we analyzed the significant differences of
gene expression between the 12 week-control group and the 12 week-
experimental group.

Results: The incidence of tumor was lower in the experimental group than
in the control group from week 12 to week 24. The COX-2 expressions were
more significantly decreased via the BBN induction (p <0.05) in the experi-
mental groups than in the control groups after 4 weeks. For the 12 week-
experimental group, there were 15 genes altered by the administration of
selective COX-2 inhibitor, and the selective COX-2 inhibitor especially
regulated transgelin, membrane metallo endopeptidase and apolipoprotein
E of these 15 genes to prevent the incidence of bladder tumor.
Conclusions: Selective COX-2 inhibitor has an inhibitory effect on BBN-
induced rat bladder tumorigenesis. In the pre-neoplastic phase, selective
COX-2 inhibitor regulates transgelin, membrane metallo endopeptidase
and apolipoprotein E to prevent the incidence of bladder tumor. (Korean
J Urol 2006;47:310-315)
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Table 1. Primer sequences and the PCR conditions

Genes Primer sequences bp PCR condition
35 cycles
Sense 5’-GTGGATTGTAATGCAGTGTG-3’ o .
. 94°C, 5min
Transgelin 605 55°C. 1min
Antisense 5’-GTGATACCTCAAAGCTGTCC-3’ ) .
720C, 1min
35 cycles
Sense 5’-CCAGGGCAAAGCGACCAACC-3’ 94°C. Smin
ApoE 613 60°C, min
Antisense 5’-GGTTGCCCACTTCCTCCAGC-3’ o
72°C, 1min
35 cycles
Sense 5’-TTCTGTGCTCGTCTTGCTCC-3’ o .
94°C, 5Smin
Mme 221 o .
. 58°C, 1min
Antisense 5’-CTGTATCGGGAACTGGTCTC-3’ .
720C, 1min
35 cycles
Sense 5’-TGGAATCCTGTGGCATCCATGAAAC-3’ 94°C. Smin
B-actin 350 ? )
. 550C, 1min
Antisense 5’-TAAAACGCAGCTCAGTAACAGTCC-3’ .
720C, 1min

PCR: polymerase chain reaction, bp: base pair, Apo-E: apolipoprotein E, Mme: membrane metallo endopeptidase

o] 7<) ¥lA] cDNA clonesE°] %24 % rat cDNA chips (RSVC
v1.0, GenomicTree Inc, T4, 3 FYske] o] 4 A"}
o] pre-hybridization®} hybridizationS 2 A| S} ¥ Th 181
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Cy3E uHo] %23 U3 hybridization 43S A A5} L
Al* ¥ EE microarray hybridizationS 33 WHE-3}STh
Microarray2] 3 3%o]v] 2= GenePix 4000B scanner (Axon
Instruments, Foster, USA)Z 431, oA A5 EL HA
fold changeE ¥.¢1 %A=} microarray hybridization®] ¥}
AR FEEE Hd AEE M fRAEs 236t
=5 293t 2 F 2F dx2ed 2F AT 39 &
A} @& 2}o| = significance of microarray (SAM)S. &2 24
Ak,

3) Reverse transcriptase-polymerase chain reaction: 125
Nz 125 Aga2 3220 A cDNA microarray 2
B2 Aozl FHA HH WMSLE reverse transcriptase-poly-
merase chain reaction (RT-PCR)Z 7A%3}7] ¢af 44 125
T 25 AdTY] A7) gz dA F24 total
RNA 1xg& 15unit/ #g avian myeloblastosis virus (AMV)
reverse transcriptase®} 0.025 £ g/ 1 random primer (Reverse
transcription system, A3500, Promega Co, Madison, USA)E
Abgate] ©d7bee] (DNAE A3 ojm JA}
"S-} 0 2 10mM Tris-HCI, pH 8.3, 50mM KCl, 0.1% Triton
X-100, 5SmM MgCl,, ImM deoxyribonucleoside triphosphates

(NTPs) EF NS AH83t9tt. 9 A= Thermal cycler
(Perkin Elmer geneAMP PCR system 9600, Applied biosys-
tems, Foster, USA) 2. 2 42°C 604, 99°C 5%, 4°C 5% Z7]
A o] Fo]H Tt} ©] & Taq PCR master mix kit (Qiagen., Cat.
No. 201443, Valencia, USA)E 2o FAA} AAE 2412
o] AzALe] Ao we} PCRE 4303kt o] wf 50 11
PCR W3-8 Taq PCR master mix 25«1, SF5 21«19}
ZY7+9] 0.4 # M sense$} antisense primerS X 3HsF 1t} PCR
o o]&3k transgelin (NM_031549), apolipoprotein E (NM_
138828), membrane metallo endopeptidase (NM_012608)$} 3 -
actin®] primer @714 € 2 ¥H&2 72 Table 13 2t} &4
2T 22 ¢DNA 4! diethyl pyrocarbonate (DEPC)Z 3]
23 SRTFE TF AHEST. S5 PCR =2 2%
agarose gel9l Al A7 ¥ 5& 3193 ©] AL ethidium bromide
(EBr)Z M3tk A4 @383 == TINA 2.10e pro-
gram (Raytest sotopenmessgeraete GmbH, 1993, Pforzheim,
Germany) 2.2 =43} th
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Fig. 1. Altered genes by administering selective COX-2 inhibitor. Fifteen genes are differentially expressed by administering selective
COX-2 inhibitor. The ratio of the median, mean and log of Cy5/Cy3. EST and transgelin are up-regulated by the selective COX-2 inhibitor
on the results of triplicate experiments, and mme and Apo-E are down-regulated. COX-2: cyclooxygenase-2, mme: membrane metallo

endopeptidase, Apo-E: apoplipoprotein-E.
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Fig. 2. The transgelin, Apo-E and mme expressions by cDNA microarray and RT-PCR. In week 12, the transgelin, Apo-E and mme
expressions of the bladder tissues on ¢cDNA microarray are similar to results obtained on RT-PCR. (A) Electrophoresis on 2% agarose
gel after RT-PCR. (B, C, D) Comparison between the cDNA microarray and RT-PCR for the transgelin, Apo-E and mme expression.
The relative intensity is the ratio of each gene’s intensity to the B-actin intensity. RT-PCR: reverse transcriptase-polymerase chain reaction,
Apo-E: apolipoprotein E, Mme: membrane metallo endopeptidase.

T3} Sx gz A o] Ao uhe} wEFHo] g Apo-E7} COX-2 H& 7 ¢ Ao ot 4&& t=A
B Aot gk 3 A AU e, Bl A 21 TAHSE AFHolof & Flo|th

gol ZZH Y2 AT AAE FUYFA oA transgelin T ooko}‘ﬂ BBN % WA wageh dhabg oA COX-2
o] JA1PS LEF vl AT Mmeo} Apo-EE o] 2 g4 AAA T 27] FG GAVE A 1257 AT
ol me} ddo] Frtete FAAR £ ATl A= COX-2 /‘1 WEG BES dAAIIE TSR transgelin, mme
A2 AR A o8] 1 wHo] 7HAE AT Mmes CD10 Apo-E frAAE ZAANA 27] B3] oA FAAE A <
olgtil HWHEY|E st A FAHZFAANIH Y dnt Vs ZIdgth AW ol frAAE T coX-2
Aol g o g ualA 9la o]& B cell 3 27]9 AR 9 COX-2 A& AAA 9 A M7} FHAAH &
o]tk 1994l & olW] Z7] WA o FAAZA AF glol A, 3% cox-2 gl # gA|Ao o et Wbt
Hou,? A FAH g Ho] wEA QA f A SHAA o5 FHAEY GTo] FH oo T
Apo-E= ZHY2HE 92dtol] FdstE & F 2 A macro- Aot}

phageoll A ZHHAD® 53] HZole wage 24 24

of 4¢3 &= TEREl A<M A3} Apo-E7} 5 2 Z =

43l Aol HRHATR” o714 Apo-E: FA 37 o

&gk o3 ] gl A B HAE AL FAdEE T v COX-2 el 3 A A= BBN & A 3ok whets
WES W 25 A& ol WHLdAME froHoR Ao Z7] EAAA T $AZ 12560 15709 AR @E
wao] 7H4s At o]9f o] Wagtol A €] transgelin, mme, o] Q&S 3t 53] transgelin, Apo-E, mmeS} 22 ¢

=
Apo-E¢] d&to] wlaA] QA PO B E F3 transgelin, mme, #HA A o G FE AoF Btk I o5



10.

11.

12.

13.

14.

15.

0| 2 1 COX-2 XM M2 BBN 7= A

Zjoﬂ)q ?ji] uo}ﬂoL%

=

4979 = 2ok )
B8 977} o] Fo Aok & Holck.
REFERENCES

. Pruthi RS, Derksen E, Gaston K. Cyclooxygenase-2 as a
potential target in the prevention and treatment of genitouri-
nary tumors: a review. J Urol 2003;169:2352-9

. Li G, Yang T, Yan J. Cyclooxygenase-2 increased the angio-
genic and metastatic potential of tumor cells. Biochem Bio-
phys Res Commun 2002;299:886-90

. Prescott SM, Fitzpatrick FA. Cyclooxygenase-2 and carcino-
genesis. Biochim Biophys Acta 2000;1470:M69-78

. Ricchi P, Zarrilli R, Di Palma A, Acquaviva AM. Nonsteroidal

anti-inflammatory drugs in colorectal cancer: from prevention
to therapy. Br J Cancer 2003;88:803-7

. Shirahama T. Cyclooxygenase-2 expression is up-regulated in
transitional cell carcinoma and its preneoplastic lesions in the
human urinary bladder. Clin Cancer Res 2000;6:2424-30

. Ristimaki A, Nieminen O, Saukkonen K, Hotakainen K,
Nordling S, Haglund C. Expression of cyclooxygenase-2 in
human transitional cell carcinoma of the urinary bladder. Am
J Pathol 2001;158:849-53

. Kim SI, Kwon SM, Kim YS, Hong SJ. Association of cyclo-
oxygenase-2 expression with prognosis of stage T1 grade 3
bladder cancer. Urology 2002;60:816-21

. Shirahama T, Sakakura C. Overexpression of cyclooxygenase-
2 in squamous cell carcinoma of the urinary bladder. Clin
Cancer Res 2001;7:558-61

. Friedrich MG, Toma MI, Petri S, Huland H. Cyclooxygenase-2

promotes angiogenesis in pTa/T1 urothelial bladder carcinoma

but does not predict recurrence. BJU Int 2003;92:389-92

Hurst CD, Fiegler H, Carr P, Williams S, Carter NP, Knowles

MA. High-resolution analysis of genomic copy number alte-

rations in bladder cancer by microarray-based comparative

genomic hybridization. Oncogene 2004;23:2250-63

Sanchez-Carbayo M, Cordon-Cardo C. Applications of array

technology: identification of molecular targets in bladder

cancer. Br J Cancer 2003;89:2172-7

Ariel I, Ayesh S, Gofrit O, Ayesh B, Abdul-Ghani R, Pizov

G, et al. Gene expression in the bladder carcinoma rat model.

Mol Carcinog 2004;41:69-76

Grubbs CJ, Lubet RA, Koki AT, Leahy KM, Masferrer JL,

Steele VE, et al. Celecoxib inhibits N-butyl-N-(4-hydroxy-

butyl)-nitrosamine-induced urinary bladder cancers in male

B6D2F1 and female Fischer-344 rats. Cancer Res 2000;60:

5599-602

Takei S, Iseda T, Yokoyama M. Inhibitory effect of clotri-

mazole on angiogenesis associated with bladder epithelium

proliferation in rats. Int J Urol 2003;10:78-85

Osawa S, Terashima Y, Kimura G, Akimoto M. Antitumour

effects of the angiogenesis inhibitor AGM-1470 on rat urinary

bladder tumours induced by N-butyl-N-(4-hydroxybutyl) nitro-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

315

u}:‘.l—oro|
oo

FHA Lslollo det
samine. BJU Int 1999;83:123-8

Kwon SM, Oh HY, Kim SI, Hong SJ. Cyclooxygenase-2
inhibitor delayed the tumorigenesis of N-butyl-N-(4-hydroxy-
butyl)nitrosamine-induced rat urinary bladder cancer model.
Korean J Urol 2004;45:578-84

Kim JH, Shim JS, Lee SK, Kim KW, Rha SY, Chung HC,
et al. Microarray-based analysis of anti-angiogenic activity of
demethoxycurcumin on human umbilical vein endothelial cells:
crucial involvement of the down-regulation of matrix metallo-
proteinase. Jpn J Cancer Res 2002;93:1378-85

Yang SH, Kim JS, Oh TJ, Kim MS, Lee SW, Woo SK, et
al. Genome-scale analysis of resveratrol-induced gene expre-
ssion profile in human ovarian cancer cells using a cDNA
microarray. Int J Oncol 2003;22:741-50

Seo MY, Rha SY, Yang SH, Kim SC, Lee GY, Park CH, et
al. The pattern of gene copy number changes in bilateral breast
cancer surveyed by cDNA microarray-based comparative ge-
nomic hybridization. Int J Mol Med 2004;13:17-24

Shintani N, Tomimoto S, Hashimoto H, Kawaguchi C, Baba
A. Functional roles of the neuropeptide PACAP in brain and
pancreas. Life Sci 2003;74:337-43

Shields JM. Rogers-Graham K, Der CJ. Loss of transgelin in
breast and colon tumors and in RIE-1 cells by Ras deregu-
lation of gene expression through Raf-independent pathways.
J Biol Chem 2002;277:9790-9

Freedland SJ, Seligson DB, Liu AY, Pantuck AJ, Paik SH,
Horvath S, et al. Loss of CD10 (neutral endopeptidase) is a
frequent and early event in human prostate cancer. Prostate
2003;55:71-80

Koiso K, Akaza H, Ohtani M, Miyanaga N, Aoyagi K. A new
tumor marker for bladder cancer. Int J Urol 1994;1:33-6
Venanzoni MC, Giunta S, Muraro GB, Storari L, Crescini C,
Mazzucchelli R, et al. Apolipoprotein E expression in localized
prostate cancers. Int J Oncol 2003;22:779-86

Li LS, Kim H, Rhee H, Kim SH, Shin DH, Chung KY, et
al. Proteomic analysis distinguishes basaloid carcinoma as a
distinct subtype of nonsmall cell lung carcinoma. Proteomics
2004;4:3394-400

DeSouza L, Diehl G, Rodrigues MJ, Guo J, Romaschin AD,
Colgan TJ, et al. Search for cancer markers from endometrial
tissues using differentially labeled tags iTRAQ and cICAT
with multidimensional liquid chromatography and tandem
mass spectrometry. J Proteome Res 2005;4:377-86

Perna AG, Smith MJ, Krishnan B, Reed JA. CD10 is expre-
ssed in cutaneous clear cell lesions of different histogenesis.
J Cutan Pathol 2005;32:348-51

Galetto R, Albajar M, Polanco JI, Zakin MM, Rodriguez-Rey
JC. Identification of a peroxisome-proliferator-activated-recep-
tor response element in the apolipoprotein E gene control
region. Biochem J 2001;357:521-7

McGarvey TW, Nguyen TB, Malkowicz SB. An interaction
between apolipoprotein E and TERE1 with a possible associa-
tion with bladder tumor formation. J Cell Biochem 2005;95:
419-28



