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Abstract : This study was conducted to elucidate the clinical significance of the
alterations of HER-2 gene (HER-2) and chromosome 17 centromere in urine-exfoliat-
ed cells by fluorescence in situ hybridization (FISH) in 103 patients with urothelial
transitional cell carcinoma. The additional increase of HER-2 (AI-HER2), gain of
chromosome 17 (G-17), and AI-HER2 with G-17 (AI-HER2+G-17) in the urine-ex-
foliated cells were examined by FISH using DNA probes for HER-2 and chromosome
17 centromere. AI-HER2, AI-HER2+G-17, and G-17 were found in 13 (12.6%), 10
(9.7%), and 36 (35.09%) patients, respectively. The positive rate of the FISH (AI-
HER2, AI-HER2+G-17, or G-17) was higher than that of cytology in total cases (57.3%
vs. 45.6%, »<0.001), in low-stage (pTa-1) tumors (44.3% vs. 27.9%, »=0.003), and in
cases without CIS (42.0% vs. 31.9%, »<0.001). AI-HER2 was significantly more fre-
quent in tumors with two or more recurrences (25.99 vs. 7.9%, p=0.037). AI-HER2-+
G-17 was more frequent in cases with primary CIS than without CIS (26.7% vs. 3.0%,
»=0.008). Numerical alterations of HER-2 and the chromosome 17 centromere in the
urine-exfoliated cells detected by FISH may reflect the malignant potential of urothelial

carcinoma and could be used as markers for the recurrence and the presence of primary
CIS.
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(64) FRI& b R 38 o BRI HER-2 O

F X ERRMESHEFEIN TV ED, EEEOERWE
BITIHIRMEZICHANTRECREE T L 5K
W2,

FEEfs 7 HER-2 (HER-2) 13 17 T/HAAAE 21 12 FF
EL, Fuyrdr—EEEEESL, HfaEiEe Mt
ZHIET 5 & b MBI ER 52 25k pl85IER2 %
I—FLTWw3Y, BHiEY RIEE, AR Lo &
¥ & T HER-2 O¥iR<> HER-2 BZFEM O
T FE &R OB LR PR L OB IRE S T»
5. REEERETHHEMAERAY DY T oy
T 4 ¥ 7 #7®, polymerase chain reaction i
(PCR) *'® % fluorescense in situ hybridization &
(FISH) 112 23fTbh, RKEETFLZ OEERR &
DOIEZEEPEME, FREODEERME SHESINT
w5,

L L 2 E TOME B2 28T 7 1~
WHAHBS Y OWUIEAREZMRAEE LI DTH D,
PRI BRI 2 - W IRET I3 Th LTy, FRPH
B X B S AFRE R Th v, Mz o
HER-2 2 ¥ —# DR %53 % 72 O I I3 B 2tk
Rr&Zzonb, %2 HER-2 BETFHOEK LD
BERENET 2720, RURIZRE FREEE D, S
U 7z PRSI 0 HER-2 &5 TFH & 17 HHe
RO DS * FISH k&2 AW Tl L, RiifgE2
L7,

X & FHE

SR : BERFEFI W B 5 & UBHERRE T
1999 2 & 2002 4 F TIIREE BRI FEE L7 BIT L
F29E & JREERNC 2R S iz 103 Bl Z= s & L7z, 103
W DGR 57— % % Table 277 L7z (Table 1), BEMHE
1391 fl, B EREEIZ 1200Ch D, wIFHERIE 60 41
THFREMZ 43FTH-7:.CISOH % 31 FHD> b5,
R R 2E & F 40 75 > primary CIS (pTis) & 15 #1
Th Y, Bt EfEE D concomitant CIS 1% 16
BlThotz. BENIFM %, bBNIEEN T > & L4
D &% AT Uiz, B ER W 103 FlefhiciT - 72, B
FEEZWTIE 100 BlciT - 7208, D O 3 HlER+07%
BERTH - 7o 705t » S BRI U 72, EMEEE, BEEE
2z WHO o2 IcE O { HAWRB RIS
DOEEMRES & B TIRER O o HRNC - T
To7z3W, KREX Tt Gl-2 % low-grade % 72 G3
% high-grade, pTa-1 % low-stage ¥ 7z pT2-4 %
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BEER BER (%)
Vg 72.20£10.62
L]
Bk 74 (71.8)
ik 29 (28.2)
FEDFNL
IR 12 (11.7)
A 91 (88.3)
Tl
FEPRIERYBEDEIESS VIR (TUR-Bt) 63 (61.2)
B b 4 Fi it 19 (18.4)
B PR S = BE DR 14 (13.6)
B BT S UTBRART = PR ES 53 BB AR 2 (1.9
EMD D (FfixL) 5 (4.8
VHERE
pTis 15 (14.8)
pTa-1 61 (59.2)
pT2-4 24 (26.7)
Gl 14 (13.6)
G2 34 (33.0)
G3 55 (53.4)
LBz (CIS)
HY 31 (30.1)
JEFEME CIS 15 (14.6)
BEFEME CIS 16 (15.5)
7L 72 (69.9)
5
#IF(0) 60 (58.3)
1 =S (1) 16 (15.5)
2 [\ EFF(22) 27 (26.2)

high-stage & &C#k L7z, RWFFEIIBHRZDMEZRE
ZOAREBTEY, 2B TEAORBEHEEZE TV S,

FISH FH O FRALEE : FHTATIZ 20-100 ml o H 2RHE
IRZHIL, 2 DOFEE 120, — 51X FISH A, filt
FIPRMINERZ & U7e, BRAR 3 IRl DAPN I R Al A
% 3,000 [BlHEC 10 43 EE L 72, 55 hic il
VR 2 BEREAR TR (PBS) THEIL, x5/ — 3%t
Bl 1 DAV 7THICERES ¥, B L TR 300 ul
DHN THICHEBE L, 2hZ212XA74F
(Shandon Inc. Pittsburgh, USA) 12#730 1 FL 1
Wiz & ¥ 7z,
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Table 2 IBFRAFHLR DO FEREM: B EFE O SR HIBEIE 100 #2315 2 HER-2 & CEP 17T O ¥ 7' F VHL
Copy No. [mean+3SD (range) ]
Probe 0 1 2 3 4 or more
HER-2 0.00£0.00(0-0) 0.55+3.87(0-4) 199.36 +3.84 (196-200) 0.09+0.91(0-1) 0.00£0.00(0-0)
CEP17 0.000.00 (0-0) 0.64+4.50(0-5) 199.18+4.62 (195-200) 0.18+1.22(0-1) 0.00£0.00 (0-0)

Fig.1 a: IE% FISH. Orange (HER-2) ¥ 7} nk Green (CEP17) ¥ 7 F AW 2{HF>HEI NS,
b: additional increase of the HER-2 (AI-HER2). Orange (HER-2) ¥ 7 )V 12 {f & Green
(CEP17) ¥ 7 F s 2 g sn, HER-2/CEP17th=2.0 ThH 5.

c: additional increase of the HER-2 ¥ X (Fgain of chromosome 17 (AI-HER2+G-17). Orange
(HER-2) ¥ 75V 20 & Green (CEP17) ¥ 7 8 10 (H8ZE s, HER-2/CEP17 1£=2.0 ThH %
L [ARfIZ, CEP17 ¥ 7P Vv#i=z3 Th 5.,

d: gain of chromosome 17 (G-17). Orange (HER-2) ¥ 27 F NV 61l & Green (CEP17) ¥ 27 3310
HEZ s, CEP17 ¥ 7 F V=3 ThH %7, HER-2/CEP17 th<2.0 TH 3.

BLY ) —VTHKUHZEES B2, 73°C O 2XSSC/
0% KNV LT K THAHEBERSE, ULy ) —

FISH o DNA Yu—7: HER-2 D2 ¥ —# &
17 BHREOARO 25T 2 720, 17q11.2-q12 (LSI

HER-2/neu SpectrumOrange, Vysis Inc., IL, USA)
B X ' 17pll.l1-ql11.1, locus DI17Z1 (Chromosome
Enumeration Probe 17 (CEP17) SpectrumGreen,
Vysis) @ 210 DNA probe Z{HH L 7z,

R &I o FISH: 128X 5 4 F LD RH £
I A0 e % IE % 2 X saline/sodium  citrate (SSC) i@
37°C T 1043, 0.05% 7 >z 37°C T 13 43, PBS
121043, 19% "V A7 VT e NIZ54r, PBSIZ 104
A vFaxX—1t Lk, RPLEHBOFES72 X5 4 F

VTR Uz S & 7z il B B S # 72 3 ul @
FISH probe mixture (probe mixture 1: hybridiza-
tion buffer 7 : water 2) 23+, 37°C OB T
NATYF A X ERT, 049% SSC/0.3% NP-40
(Vysis Inc.) 2 73°C T 2 43f, 2XxSSC/0.19% NP-40
Tl MBEHE LI, 3uld4, 6-diamino-2-
phenylindole (DAPI) T LTV, EEL .
R#IMERS « BARDRIZ OS=aa vkTRAEL, K
HARF M ERRE OMIfEZ W 3 L UREEEDS 5 BefE D
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FHili 217> 7. Class V % RfllE2t & Uz,

NT 7 4 /B EEYIEARO FISH : EBEH DN
74 v7ay 755 5 um EOEGEYIEAR & ER L
7o, BHIOERZXZA4 FEIAI I FY ) v e AP
THREOL, ROERA T4 PR L S7 7 4 VB &
Uiz B Z%>7, K2 10mM (pH6.0) O 7 x>
iz Ah, 1045~ A 270y c—7THEL &,
37°C 049% DTy Nz 1344 Y Fax—F LTz,
3 u1 @ FISH probe mixture & #£iz 80°C 2 43, 50°C 30
43, 37°C T, WIEAEAN T NNA 7V 54 X&¥72.15
M urea/0.1XSCC % 45°C T 10 [E¥eEL, 3ul @
DAPI TR L, ML 7.

FISH ¥ 7 3 v Of#ffr : FISH @ ¥ 7 ) )V 13 Texas
Red, FITC, 8 X O DAPI D 7 4 )V ¥ — ] & B

PRI b Befie i O R K  HER-2 O]

Yy NVH AT (DXMI1200, Nikon Inc., Tokyo) THx
- AN

PRSI FH 2380 250 11 Bl OWRBRHEE 1B »
T, 100 A RSP HEERE D HER-2 £ CEP 17 ® ¥
TFNEHZCERIYy ha—n e L7z, Table2 i
ARURIEFEIY ba—VE»S, 4fHrZnll EOR
IR 3 2 WA LDOEED Y 7 F L 2R
TBERY 7 FVEORE L L, FISHEGMH L EHEL
7z (Table 2). FREAIEERIIZIC BT, MEZEZAIC
BEOBARPEREMOD 22 RERRY %<, &E
100 {H % TH 2 7-.

FRA&IEERKIR O FISH & 7 F V%, RISRT &4
T 17 HFROEOHEM (G-17), HER-2 ey m
(AI- HER2), ¥ & *G-1712 ## 5 AI-HER2 (AI-

Olympus BX10 (Olympus Inc., Tokyo) TEZZL, ¥ HER2+G-17)D3M e 48 L E&E L 2. (1) Al-
Table3 Rl B & OCRPHIEEMIL FISH At & & fisEER 8T X — 2 O
JEHSFEHIRN T X —% AI_(I;E;R2§ AJE G}Ellzﬁ2 (‘E;/IT pgiistge Cygfj/l())gy (Flé)Hv?Jl(;lseitive
° (%) 0 (%) ° vs. cytology)
O 103 13 (12.6) 10 (9.7 36 (35.0) 59 ( 57.3) 47 (45.6) <0.001
A

Gl 14 3(21.4) 0 (0.0 1 (71 4 (286) 0 (0.0

G2 34 5 (14.7) 1(29) 6 (17.6) 12 ( 35.3) 11 (32.3)] 0.027(G1-2)

G3 55 5 (9.1 9 (16.4) 29 (52.7) 43 (782) 36 (65.5) 0.015

p value (G1-2 vs. G3) 0.373 0.018 <0.001 <0.001 <0.001

pTa-1 61 9 (14.8) 2 (33) 16 (30.3) 27 ( 44.3) 17 (27.9) 0.003

pT2-4 24 3 (12.5) 3 (12.5) 12 (50.0) 18 ( 75.0) 17 (70.8) 0.235

p value >0.999 0.285 0.044 0.016 <0.001
(pTa-1vs. pT2-4)

LR (CIS) *

HY 31 4 (12.9) 7 (22.6) 17 (54.8) 28 ( 90.3) 24 (77.4) 0.550
Primary CIS 15 1 (6.7) 4 (26.7) 7 (46.7) 12 ( 80.0) 12 (80.0) >0.999
Concomitant CIS 16 3 (18.8) 3 (18.8) 10 (62.5) 16 (100.0) 12 (75.0) 0.515

zL 69 9 (13.0) 2 (3.0 18 (26.1) 29 ( 42.0) 22 (31.9) <0.001

p value (primary CIS >0.999 0.008 0.129 0.010 <0.001
vs. CIS(—))

S

wFE (0) 60 5 ( 8.3) 5 (83) 26 (43.3) 36 (60.0) 33(55.0) 0.002

1 [EFEF (1) 16 1 (6.3) 1 (6.3) 5 (31.3) 7 (43.8) 5(31.2) 0.106

2 B EFF (=22) 27 7 (25.9) 4 (14.8) 5 (185) 16 (59.3) 9(33.3) 0.003

p value (0-1 vs. =2) 0.037 0.285 0.059 0.826 0.178

*BEEE B L U CIS OB MEICE T 2 G213 100 BT - 72,

$: Additional increase of HER-2 gene

. Additional increase of HER-2 gene with gain of chromosome 17

t: Gain of chromosome 17

HEN&1T
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HER2: A%< & b 4 DO %12 BT HER-2/
CEP17 1220 » D CEP17 ¥ 7+ v 82 D B &
(Fig.1b). (2) AI-HER2+4G-17: A%<t b 4>0D
MifEtL B\ T HER-2/CEP17 th=2.0 »» > CEP17
Y7 I 3E»ZE N EDOSE (Fig. 1c). (3) G-
17: 4% e b 4 >0 B W T HER-2/
CEP17 }:.<2.0 2 CEP17 ¥ 7" F V8 3 i % 1L LA
Fo%s (Fig. 1d). AI-HER2 I& HER-2 OHEIE % &
DEEEINSG,

RT 7 4 HAEA O FISH O TIE, 31E»%
N EDRIED & 7 F N HSEERE RN AT & 380 5
NOMEEED 0% L EOR RO >S54,
FISH positive & L7z,

¥ El: Fisher’s exact test # AI-HER2, G-17,
Al- HER2+G-17, ¥ X ' FISH Btk &, SRERSEAFT
R, BFEEH BLCRMBEZER - OMEEIE,
Fisher’s exact test THEL, p E<0.05 THIFEH
CEBEL L.

& R

103 Bl&flic 5w T, FRAPHIEESIIE O FISH & Hifa
B EIT o Tz, RO O HIE AT AR T 50.0
(8-100) TH - 7-. AI-HER2, AI-HER2+G-17 B X
Y G-17 2BV T, ¥FgD HER2/CEP1T thixzZz 2
247,169, BXU0.99 TH Y, KD 1 Hilasm 0¥
¥ HER-2 ¥ 7 7 V% 540,692 B X U3.70 ThH -
7z. AI-HER2, AI-HER2+G-17 8 X U G-17 D&
RIRHEER /ST A —% £ OXtEL% Table 3 12~ L 7z
(Table 3).

FISH 5% (AI-HER2, AI-HER2+G-17, £7213G-
17) 1 103 #5941 (57.3%) TH - 7z, BaEFiZhigh-
grade JiER (78.29% for G3 vs. 31.29% for G1-2, p<
0.001), high-stage #EHI(75.09% vs.44.3%, p=0.016),
8 X U primary CIS ® % % %1 (80.0% for primary CIS
vs. 42.09% for tumors without CIS, p <0.010) TEEIZ
o fz, RiRERE L BT % &, FISH BRI EERE
ZE L (57.3% vs. 45.6%, p<0.001), FEELLTH
FISH B2 13 high-grade ¥ & UF low-grade i 5 &
LbEEICE L (33.3% vs. 22.9%, p=0.027 for low-
grade tumors, and 78.29% vs. 65.59%, »=0.015 for
high-grade tumors), %7z low-stage OEH] (44.3%
vs. 27.9%, p=0.003) B L, CIS D WiER (42.0%
vs. 31.9%, p<0.001) THHEEICE P>,

AI-HER2, AI-HER2+G-17 8 X U G-17 1 FRERE
103 Btk znzn 13 41 (12.6%), 104 (9.7%), B X
U 36 6 (35.0%) TR s, AI-HER2 341541
R, RIS M sn s Emch Y (18.6%
vs. 8.3%, p=0.145), FIFMHI+1 EIFEFEN N, 2[5
NZNUA LOBHEFICERICHEEN 572 (25.9%
vs. 7.9%, p=0.037). AI-HER2 & grade <° stage & D
FABIZ 2 n o 72, AI-HER2+G-17 1% low-grade 12t
T high-grade T(16.4% vs. 2.1%, p=0.018) %7,
CIS ® 7z Wiz b X T primary CIS ® & % #§il T
(26.7% vs. 3.0%, p=0.008) HEWCHEIFD > 723,
stage LEFEEIB E FHBEN R o, G-17 iXlow-
grade IZtbX T high-grade T (52.7% vs. 14.6%, p <
0.001), low-stage IZkt-X T high-stage T (50.09 vs.
30.3%, p=0.044) EEIHEENEG» o723, CISOH
4B L CIEAHBA 2 v o 72,

8T 7 4 VHARBEAR I BT 5 FISH 13 45 B CFFM
AIBETH o 7z, B & THME LR KIFER
L85 7 4 VHARMEAR D FISH 2B L7z & 25, 45
Bl 36 1] (80.0%) T—E L 7ofERE2E/z. —H L%
o7z 9FIH, G1-2 ¢ pTa-1 235, G3 T pTa-1 5
3B, G3TpT4 2 1BITH o7z, —BLie»ro7z 9f
W7 B (77.8%) ZERHRKIBEIE TR T, 8T 7 4
VEMERTEREETH - .

Z =

PRAPKIBERRE & 82 7 4 HABAEA o FISH it i
EXIEET 2 &, 80% (36/45) DIEFIT—ERL Tz,
ZDZ EIIMRETR & U 7z IR K HSHE o 12 JE S
POHKLTEY, RPMEEHITEZHA L 72 FISH %
IXHED I IRES EEEOME % IKBLL, HEMELEW I
EERLTWS, —H L ol 96t 8 fFlixlow-
stage (pTa-1) DIEFITH -7z, £z 2h s 9 74
IR TR BB Th o7 b DT 7 4 g
HEATEEETH->12H DT, ZHIRPHEERR
EHo/7FISH DEER IV EWI L E2RT EEZ
53, s D low-stage DEE Tl EEHZEH
DinZ e, BEMEIHRREL IS W L, #
JEEB T L OBEETEE DS 2 EXHEL T
PR RIBERI A & MEEAE AR o FISH O SR8 —2 L %
MolcbDEEZoNS,

oz TREE E Rl OEE T~ — b — & UTURE
LEEORETOREREPHE SN T WS HER-2 %
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(68) PR b B B O R RIBEI T HER-2 ORH]

BN L 72719 Sauter 519 & 141 Bl BERE N Z 7 4
>/AMSHERMEA O FISH © HER-2 “amplification”
(HER-2/CEP17 ratio>2.0)2379%, “borderline
result” (1.5<HER-2/CEP17 ratio<2.0)%%8.5%IZ
BHanz EHE L TWw5S, £z, Ohta 51213 29 f
T O EEDEIE O HHE S L 2 FISH THEii L, HER-2
“amplification” (HER-2/CEP17 ratio>2.0)%%
3.49%, “relative increase” (1.5<HER-2/CEP17
ratio<2.0) 2% 41.4% =#EL TWw5. Lo L, Rl
BEMIIGC HER-2 & 17 /Gt ik % FEM U 7o s 13 %
W, KiFETIX, HER-2 {3MiyEhn (the additional
increase of HER-2) 7322.3% (23/103) T &h
Jz. FISH ¥ 7" Vv OFHIIEHEN Z W E O TH
750, AP TR I NI IRFPHBERE TD HER-2
YEIE DS IR 2o oS L 0 b E TRV
R E oz,

AI-HER2, G-17, 7% & N2 AI-HER2+G-17 12 X %
SR, ZnFh HER-2 BaT 03 & —HHSHIC
WU 72REE, 17 FROEPERE L T 23R8, 7%
SN 17T JFHROELEEH T L btz R
HER-2 #ET O3 E—ED L T v 2 RE IS
LCWw3, HER-2BEFHIRE LEEOFE & T
W5 3 % 7% 51 AI-HER2 & AI-HER2+G-17 %*
bOERNCZ DR EN S EEZ o b, AHfET
1%, AI-HER2 BHIFEAERN T U B FE R THE LS
W2 H D, 2E EEFET 3 L ERCZOHEEN
E»olz, Big, Grade 1 BB OBEFIIM & S b3,
AI-HER2 ofH & 17z Grade 1 @ 3 519~ T 2 [A]LL
LFOBERFITHo/:Z LIFEERS b B w0 I1ED,
AI-HER2+G-17 1% CIS O 7% WiESIC thig L ¢, pri-
mary CIS O b 2 EFI CHEREICHESFE»> 72, CIS
IREREICER LY T CBEETFREOEELAD SN
T3, AI-HER2+G-17 X CIS 122 2 D R J vl
BEFERTHY, INBRVIZEhiEEE CIS 0fF
HEERETZENWZ S, ZOLICFISH i X 3R%
HIFEHIG T O HER-2 O 13 FEE i id o £9)F 1)
BREOBEVWEZXATZ2OICERATHY, ERLERED
TFHEEZ T AR D 2 EZ 5N 5,

IT4E, 3,7, 9p, 17 FFEAEECE multi-color FISH
T F % UroVysion 28, IRAIFER % 8 < RE, Fri
BB L OERE, BEECMHET 2 cHhEInTw
510 AHGEIE 17 FHR OO T = & A&, G-17 135
M, GHEE L OHBENED s iy, &EROBHER
¥ UroVysion 2 8 < b O Tl oz, Lo L

IR SRS

UroVysion TIHERFOFM T <, EEMEO4
VIR R E OBEETFEE RIS ® 2 2 L 1IZN
WrEZ oD, KBS TIE HER-2 OO HE
RIS T 2 —% LB L, etk oFHl & k8 x 5%
EEFEOZ LS MITT A ENTE T,

& A

FISH 3% v Ol U 72 R R S R © o HER -
2 % 17 BEAAEOE D IE 1L, REG O EERE
PEEE L MHEE L, FFEP CIS OFED Y —A — & LTH
AT RN D 5.,

Eil 53
1857 4 AR ORI D7) % 8 1o R AR

BEORER L% & N Ef S D ST Icssi L B
SN

X [
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