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Purpose: Superficial bladder transitional cell carcinomas (TCCa) have high
recurrence rates following endoscopic resection. Most of the parameters
used for the prediction of a recurrence are associated with high grade
TCCa. However, there are few valid parameters for prediction of the
recurrence of low grade TCCa. We aimed to elucidate the prime factor
of a recurrence of superficial low grade bladder TCCa.

Materials and Methods: Thirty cases of superficial low grade bladder
TCCa were analyzed, 15 of which were recurred cases. Fresh frozen tumor
and normal tissues were used for the analysis. Real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) and Western blots analyses
were subsequently performed to evaluate the validity of the molecules
identified by a 0.12K cDNA array, including matrix metalloproteinase
(MMP), oncogenes and cell-cycle-related genes.

Results: On ¢cDNA microarray analysis, MMP-1, 2, 9, 12 and 15, and
transforming growth factor Bl (TGFp1), vascular endothelial growth fac-
tor (VEGF) and fos were found to be significantly upregulated in the
recurred cases. From the real-time RT-PCR for the validation of those
molecules, MMP-1 and 12, and TGFp1, VEGF and fos were significantly
overexpressed in the recurred cases. Western blot showed significant over-
expression of MMP-1 and 12, and TGFpl1, VEGF and fos in the recurred
cases.

Conclusions: The overexpressions of MMP-1 and 12, and TGFpl, VEGF
and fos may be associated with the recurrence of superficial low grade
bladder TCCa. (Korean J Urol 2005;46:327-335)

Key Words: Bladder tumor, Superficial, Recurrence, RT-PCR, Matrix
metalloproteinases
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1) 0.12K cDNA array

(1) 0.12K ¢DNA array 7%; JAH] 28-S 793517 9
3te] MMP 1, 2, 7, 9, 10, 11, 12, 13, 14, 15, 16, 199} TIMP1,
39] MMP9} F 432, A 257 247142 5 12070 9]
F+3 27} 28E DNA F (Digital Genomics, Seoul, Korea;
http://www.digital-Genomics.co.kr) S A}-&3}4 T}

(2) RNA FZ&; 572 Z A | A Ultraspec II (Biotecx Lab.,
Houston, USA)E Al&3le] RNAS FE39th F23
RNAE 260nm SFEoA Ak, 3= Agilent 2100
bioanalyzer (Agilent, Palo Alto, USA)E ©]&3}4] ‘Lab On a
Chip’ (Agilent Technologies, Waldbronn, Germany, Mountain
View, USA)Ho 2 A B Asle] RNA HIEo] 1 o)Al
mRNATHS # 3} microarrayol] A&-3} 3T

(3) ¢cDNA &MA; Superscript II Reverse Transcriptase (In-
vitrogen, Carlsbad, USA)E A}-8-3}%t}. 80pmol random
primer 1ul, 400ng total RNA 2, 2.5mM dNTP mix 4y, <



ZES o 1 MSF

EFI

5u o} 4 &, 65°Col A 587 F
ait} & 7| 5x first-strand buffer 4ul, 0.IM DTT 2ulE
I 42°ColA 287 TRk ©]F Superscript II Reverse
Transcnptase 1ME ¥ 42°CollA] 50&, 70°ColA 15&7
o] cDNAE A3ttt

(4) 0.12K ¢DNA array; ¢cDNA microarray~ Genisphere
3DNA kit (Genisphere Inc., Hatfield, USA)S o] &3} t}. 5ug
9] total RNAES Amino allyl ¢cDNA labeling kit (Ambion,
Austine, USA)S AM&3}] o423 Cy3-dUTPE, A4 X
2 & Cy5-dUTPE ¥4)3tal, cDNAE FA3AH. F53
RNA (lug/1pl) 5plell, Random Primer 2.5ul, Neclease Free
Water 3502 4]0} 80°Coll A 10#7F BHS-A)7) 2 L -L-o]l A
1yl Superase-In RNase inhibitor®} reaction mix (5x Super-
Script II First Strand Buffer 4pl, dNTP mix 1pl, 0.1IM DTT
2ul, Superscript 11 enzyme 1u)E 37} 42°Col A 1.5-2
A|ZF ¥Hg-AlZ T} 0.5M NAOH/50mM EDTA 3512 %-$
S HAT F, 65°CAlA] 10 ¥H-A17]3L IM Tris-HCI, pH
7.5 5UZ F3FA1Z]1 H 10mM Tris, pH 8.0, iImM EDTA 21.5
uE Hrhsteeh,

Qiagen QIAquick PCR npurification kit (Qiagen GmbH,
Germany)E c¢DNAZ A A3} denature® cDNA 50u, 6x
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Ligation Mix (green=Cy3 or red=Cy5) 10ul, T4 DNA Ligase
2508 4 15-25°Coll A 1.52A13F HE-S-A]7]3, 0.5M
EDTA 7U& ¥H&S WFE H, 65°ColA 1087 WAl 7] 3L
A F3 15007k = A Sk

Microconcentrators (Millipore Microcon YM-30; Millipore
Corp., Bedford, USA)Z ¢DNAES ¥33&}11 %——%ﬂ cDNA7}
10p7} ¥ 2 Nuclease Free Water® WHF & 65°ColA

10%7F ¥k8- & 2x SDS-based buffer 12.51l, Array 350RP DT
blocker 211S 4] 37, humidified chamberd] %] 65°Col A 16
AIZE 28T

65°C 2x SSC, 0.2% SDSZ 15+, 2x SSCZ 10-15+, 0.2x
SSCE 10-15%7}, 95% ethanolol| A 283+ =4 AZ F 2x
hybridization buffer 12.51, 50-55°Coll A 10%-3+ 7} A =
2 3DNA Capture Reagent 5.01l, Nuclease Free waterS 4]
75-80°Coll A 10%, 55-60°Coll A} 152087 WHg-A1A Fau
microarray®l] = ¥ coverslip= B At 60°CollA] 3417t &
Far-3-S A7 F 45-50°C 2x SSC, 0.2% SDS 153, 2x SSC
10-15%, 0.2x SSC 10-15% A3t 3t}.

Scan array (Packard BioChip Technologies, Billerica, USA)
£ o] &3} 35 3}aL, Quantarray (Packard BioChip Technol-
ogies, Billerica, USA) ZZ2 1307 EXM&t}.

1 35791113151719212325 7 29 31 33 35 37 39

Cycle No.
cT* 18S mRNA ACT ANCT il
5 25.98 7.54 18.44 0.00 1.00
Fig. 1. Analysis of real-time reverse transcriptase poly-
1 23.60 6.32 17.48 -0.96 1.94 merase chain reaction (RT PCR). Analysis of TagMan
2 24.84 7.05 18.36 ~0.08 1.06 assays to determine the optimum primer and TaqMan
3 24.94 592 18.96 052 0.69 probe concentration. The CT values are calculated (de-
4 2712 564 2149 305 012 fined as the cycle at which a statistically significant
increase in ARn is first detected). *: threshold cycle,
5 26.02 8.07 18.44 0.00 1.00 ACT: Crx.-Crr, & ACT: ACT.q- CT.cb. Rela}t]ive:
6 28.79 8.22 20.57 2.14 0.23 y8aCT
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2) Real-time quantitative reverse transcriptase polymer-
ase chain reaction; real-time RT PCR: Liss 5'2¢] A A&
HWHS A-8-3}¢] TagMan Mastermix (Biosystems, Forester
City, USA) 10pl, primer 1pl, cDNA 2i, 74 7uE £§
3}, ABI PRISM 7700 Sequence Detection System (Perkin-
Elmer Inc., Wellesley, USA)S AF-8-3l] 50°Coll A 28, 95°C
ol A 108, 95°Coll A 15%, 60°Coll A 183t FZ5 .

B Ao AFEH primer= FAMo| B350} glom T &
AREL 3% BA8 AF CTaS =33, 24 A&
3+ 18s mRNAS] CT#H o2 B A ste] A1t (Fig. 1).

3) Western blot: A X2 wruld Bajl g4 AA4 <l
pepstatin (0.7mg/ml)©] H7}d &3] &35 (IM tris-Cl, 0.5M
NaCl, 0.5M EDTA) 500u¢] 2] 4°Cell 302 ¥H-3-A1A A
£ S3A AT °]F 14,000rpmoll A 1587 YA EEEA
o A5ds BCAY whel A%kl NuPAGE Gel (In-
vitrogen, Carlsbad, USA)2] lanedl] 20pg T 2L Yol A7)
45S A8, NC membraned] oA Z T} A Hk-S-&
H] o] A Q] Hk-&-2 8- (5% skim milk, 1% Tween-20 Tris-
buffer saline)oll 4] A&t} @l A o] o] 4 membrane
& A& o] @7} 2o A 12417t §ESAIZ] $ 27} e]
Az} FA S 120002 A 5ke] 37°Co] A 3087 WAl

12 AHAFE AZ F o|AFAE o] &3] 37°Coll A
30%7F ¥H-3-A]71 & Chemoluminescent (ECL detection rea-
gent, Amersham, Arlington Heights, USA)Z T oS =
HehT T wule) Aohd Y-S 95k TINA pro-
gram (v 2.1)S ©]-83} Densitometer (Bio-Rad, Hercules, USA)
2 &S

i

Ny

K

3. AR 24 3 S YUY

HI
pa

B BEHozes RluEdS 93t chi-square test %
Fisher’s exact testS AM8-3} 99tk A &&-2 Kaplan-Meier %

HE o] &3, G 42> SAS Windows®] log-rank

Table 1. Clinical summary of the patients with a superficial
bladder tumor

Recurred No recurred
(n=15) (n=15)
Sex
Male/Female 12/3 13/2
Age (mean+SD)(year) 68.0+4.7 54.4+10.8
Follow up
DFT* (mean+SD)(month) 11.2+3.7 27.2+4.3

*: disease free time

testS o] &-3}A T}

154 0] At v Ass A4 g ol
94 127, oA 350l

000000080

000002000000
'8+ 20000 88

Iltem Recurred/Ctl No recurred/Ctl
MMP-1 6.3528 1.333831842
MMP-2 4.4633 1.406863031
MMP-9 4.8189 1.154281897
MMP-12 4.0328 1.073182842
MMP-15 7.0309 0.562364877
TGFp1 3.9411 0.68515266
VEGF 10.0881 1.041406594
fos 8.3395 0.913929129

Fig. 2. Image displaying 120 genes and cDNA array data of the
representative superficial bladder cancer. When the cancer and
normal samples are labeled with Cy3-dUTP and Cy5-dUTP,
respectively, the upregulated genes in the cancer samples are seen
as green fluorescence (Cy-3) and downregulated genes as red
fluorescence (Cy-5). The blanks filled with green color represent
genes upregulated by more than 2.0 times the threshold value in
the cancer. Matrix metalloproteinase (MMP)-1, 2, 9 and 12, and
transforming growth factor-beta 1 (TGFp1), fos and vascular
endothelial growth factor (VEGF) are upregulated in the recurred
samples compared with the non recurred samples.



[ No recur
Hl Recur *

Fig. 3. Results of MMP, as quantified by a microarray. The
intensity of the relative signal for each sample is calculated and
presented. Expressions of MMP-1, 2, 9, 12 and 15 with TGFj1,
VEGF and fos are upregulated in the recurred superficial low grade
urothelial cancer compared with the non recurred superficial low
grade urothelial cancer. Columns and bars represent the mean and
SD, respectively. *: p<0.05.

T3] $sted MMP 2 472 NEF7] 2HAFH
2t 59 4271 239 DNA Y& AHESHe] 0.12K cDNA
array®] £43to] 7} o kS vagk A7, MMP-12>
normalized ratio7} AWtollA 5.163£1.3742 v A Wk 9
1.993+0.478 2.t} oW Al &Ho] 715 913, MMP-
2,9, 12, 15 @ TGFpl, VEGF, fosd] 23 % m 7o) H|
3 Aol A QA FIFsHA T (Fig. 2, 3).

a

3. Real-time RT PCRE 0|23t XX} s

Aew AL BFE Ao #AAstE JAAE )
7] 9134 0.12K ¢DNA arrayol| A @& o] Aol A 2]v]
QA Z7}7} Hol= QAR MMP-1, 2, 9, 12, 15 2 TGFpI,
VEGEF, fos®l| t)3] real-time RT PCRS A]3)3}¢], 18s mRNA
of tigh oAl vES S48 7t o] FFgS v
St A3 MMP-12 A ACT gho] Aol A 0.971+04732
2 vAere] 0.181+0.008 2t} 2w A =o} mRNAL]
o] Z71¥ o] Qllal, MMP-12, TGEBI, VEGF 2 fos2
570 QIARFAN M T m] ATl Bls] ATl A o oAA =
Tk (Fig. 4, 5). 39 MMP-29] A ACT kol ALFolA
0.219+0.436 2.2 vl 0.007£0.0083%} Hluldle] H]
So] F71et o, omgle 2po]S HolA| ¢kekal, MMP-
9, 159] ¥ 18s mRNA| Uit &<l v]&o] F7}3}
Aot BAA 99492 Ut (Fig. ).

4. Western blot Z1}

Asas EAG BT Aol FAstE <
7] 93} Real-time RT PCRO| A Al b o) 4
X o]= MMP-1, 12, TGFp1, VEGF ¥ fos ©4
BEee] WAEES BAS 2 Fo| HiEy
A7}, MMP-19] 72 Aol A 34.87144.688%
9] 30.841+2.192 .0} < u| A o} ] o] Frlyof
A1, MMP-12, TGEBl, VEGF 2 fosE ©hil w3 o] ojn]
A =0}, 578 Q1A7F Western blotol]| A = & o] 2] 2] Q) A
<7 Atk (Fig. 6, 7).
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Fig. 4. Representative results of the real-time RT PCR of MMP-1, MMP-12, TGFp1, and VEGF. Results of the TagMan assays for
the determination of the optimum primer and TagMan probe concentrations. Normalized fluorescence values (ARn) are on the X-axis.
Amplification plots for the RT-PCR of MMP-1, MMP-12, TGFjB1 and VEGF are shown as calibration curves, which depict the normalized
fluorescence values (ARn) plotted against the number of amplification cycles. Lanes G2 (1-5) show a tendency toward higher CT and
lower ARn than lanes G1 (1-5) (lanes Gl1, recurred samples; lanes G2, non recurred samples). Columns & bars represent the mean and

SD of 274%°T, respectively.
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Fig. 5. Results of real-time RT PCR. The transcripts of MMP-1
and 12, and TGFB1, VEGF and fos are significantly overexpressed
in the recurred samples compared to the non recurred samples. The
expressions of MMP-2, 9 and 15 are overexpressed, but these are
not statistical significant. Columns and bars represent the mean and

SD of 27°%°T, respectively. *: p<0.05.

Recurred group vs.
[ ] [

Non recurred group

1 2 3 1 2 13
MMP-1  47KDa '« gy - @ - =
MMP-12 55kDa TR T = e s e
TGFp1 53KDa W e ——
VEGF  42kDa  YIF D = i . -
fos 52KDa - .-
GAPDH 38KDa WD

Fig. 6. Results of Western blot. Note the upregulated expressions
of MMP-1, MMP-12, TGFpl, VEGF and fos in the recurred
samples vs. the non recurred samples.

otth. 28U MMP-1 2 MMP-12& Aol A 9] gle
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& .

MMP-1-2 interstitial collagenaseZ, 944 Y& 1, 11,
I 2 X3 2Z-&3sth MMP-12 9 24,2 o8 ol A
o] ZrEa, 74 W HyY AT Q2o A YA Ho|9
Ax7 2 g dva E_]_E]_T’_ At LRl M = A7,
ASw WEgel viste 1Y), 15H Aol gol &
AE e o2 HiE3 O‘E} "7 MMP-12% macrophage ela-
stase 2, T2 2 A A Lo Bulslo] A4S Bashe
282 7HAAL Aok 95-¢kell A MMP-129] mRNA 3 ¢
o] Huh, A WA THEA] erol A stel #

gratoto| kol A Matrix Metalloproteinase &&iol 241 333

120 1 [J Recurred

Il Non-recurred
100

80

60 - .

% Densities

40

20 1

0 T T T T
MMP-1 MMP-12 TGFB1  VEGF fos

Fig. 7. Graphic illustrating the comparative densitometric data for
the Western blot analysis, detected with antibodies to MMP-1 and
12, and TGFpl, VEGF and fos. Comparative bands show the
mean+SD determined by densitometry, *: p<0.05.
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o f,/"'MMP—‘l\\,_- AT -» Recurrence
l i 7
2 [
SRVIVIEV RN VIMP 12
TGFp14] | P ?
MMP-9 7%| VEGF |—» Progression

Fig. 8. MMP regulation in superficial low grade urothelial bladder
cancer.
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