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Purpose: We compared the efficacy of urine cytology, nuclear matrix
protein 22 (NMP22), and fluorescence in situ hybridization (FISH) for the
detection of bladder cancer.

Materials and Methods: Washing urine samples from 156 patients were
evaluated for the detection of bladder cancer. Patients were divided into
3 groups. Group 1 was 106 patients with bladder cancer, group 2 was
30 patients with benign prostatic hyperplasia who underwent tra-
nsurethral resection of the prostate without bladder cancer, and group 3
had gross hematuria without bladder cancer. The sensitivity and specificity
of cytology, NMP22, and FISH were compared. NMP22 positivity was
defined as =10U/ml. FISH was done with the UroVysion" system and
FISH positivity was defined as =2 abnormal urothelial cells with an
abnormal signal from any out of 4 probes.

Results: The overall sensitivity of urine cytology, NMP22, and FISH was
60.4%, 75.5%, and 84.9%, respectively (p <0.001). The overall specificity of
cytology, NMP22, and FISH was 96.7%, 83.3%, and 93.3%, respectively
(p=0.168). In group 3, the false-positive rates of cytology, NMP22, and
FISH were 20.0%, 55.0%, and 10.0%, respectively. In these patients with
gross hematuria, the false-positive rate with NMP22 was significantly
higher than with cytology or FISH (p=0.004). The sensitivity of cytology,
NMP22, and FISH in low-grade bladder cancer patients was 25.9%, 51.9%,
and 77.8%, respectively, and that in pTa-1 bladder cancer patients was
40.6%, 65.6%, and 78.1%, respectively. In low-grade or in pTa-1 patients,
the sensitivity of the three diagnostic tools was significantly different (low
grade; p<0.001, pTa-1; p<0.001).

Conclusions: FISH is more sensitive in low-grade bladder cancer than is
urine cytology and can be used as a diagnostic tool for the detection of
primary and recurrent bladder cancer. NMP22 was affected by gross he-
maturia and thus has limitations for screening of bladder cancer. However,
it can be used to follow-up bladder cancer. (Korean J Urol 2009;50:6-11)

Key Words: Transitional cell carcinoma; In situ hybridization, fluorescence;
Nuclear matrix protein 22
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muscle invasive; non-MIBC, stage Ta, T1, or Tis)o|™, o] &
ol 70% ol%o] Akatar, kel 20-30%7F Z1 3}, ut
2hA] AR 27] WAl whE AR AR F A

Wy 37 o] Besh

L8 =

QAEANE WB7e] mad Aehgo AR W
qre] Aetolu} Asliekal 2 A KolA ok Wie] A
wh ) ubere] A A & e ke v
Sebe] 22 A8¥o] Srh T} LAEAAE o E
o2 Roli whd, A5 H3hE ell4] Rz} Yk
ool wket Aekel] Qlol A TS} B ALty o] A
2% 7

- BIZEE Heksly] 913, bladder tumor
antigen (BTA), telomerase, urinary bladder cancer antigen (UBC),
nuclear matrix protein 22 (NMP22)$} fluorescence in situ hy-
bridization assay (FISH) & thekst ZAAH o] /W, A 25

ek,

FISHE 4H Wl v]844Q e A9 EE WHsl= Bz
Aol oz QAT AEL] FAz} o] S wAsle] A A
FAMHE S8l FHA o] & Eelsls WHoE W
oF Zekol] 9lof QI TS} So]%rt =2 Aot A
= 3d, 74, 179, el 3 op21 A fIx]ell 4714 A2
o] AHYAHTS As¥st= multitarget FISH (M-FISH),

UroVysion® (Abbott/Vysis, Downers Grove, USA)o] 7|4 =]|
o] A-g= 3 9tk FISHE QAIEAAE Hshslo] Hel A
s ke AR AL, FARR Hahgolehe
B7h gkt

SEIE D DR EE A =
NMP2E o U = FA9) $ROZ DNA $4 o %
Al 27, RNA AA, 183 oF
ghate] @ Foll= NMP22 gho| Assle 2oz 4uA 9l
o whete] Ak 8l Ak Fol o] g v}’

B el A= Wagete] Zghol] olo] w373 A Aeh W&
== 7189 QAIE7IA S} vl aste], NMP22 9l FISHE] A
goll whe 7zte] §840l dllA toknnA s,

VO T
L 8% M o 2 A

ZHAAE QAIEAA 9 NMP22, FISHE EA ol A3
gk 1568 9] 3HAE o2 slgivh Wager Hasn

=

X
(o}
0,
2
)
N
lo
>
0%
T
)
[T
™
L)
g
o
0%
ox
A=
o]
1)
lo
fitt
)
Ay
T
1

)
Al
o
fr
Mo
1
ok
ot
N
o

BN
=2
o
=
1)
X
oL
ol
0§
o
o,
fo 1
o
e
M
et
2
OlI.
1% HJ og
o L j=icd
¥ o o O
2 o AE 22 &k rlo

& o
o
i

Qo
2o 2

Sy

[
N
)
e
_|>L —_
it
i)
2
=y
>
r
of
oo
o
e
(o3
9,
[
N
Ho
o)
Ho Ho

oF
oft

32 w2
n

o

W
=y
o
fi
of
£
1o
0%

O_>:, [}
i
o

>

= dr =
1%
of
ot

o} ol % AL EYAFPAAEE AAte], 24734 A}

2 sholelole) adete] Wu) 2 B3hE 2AS 19984
World Health Organization/International Society of Urological
Pathology (WHO/ISUP)&] 572 wpgta ' uhsgele] wi7)=
American Joint Committee on Cancer (AJCC)2] TNM cla-
ssifications whgteh!! = 2P £ AAE He A
HAAAES Al3slr] Aol WFAH S Sl AAE 2
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2. QMIZZAL NMP22, FISHO| Z{AL &) & 24

QAEAAE B4R W o2 Helgon], hE
7 9ol B A9RE G4
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FISHE 913 AAle 10 5 94 Eelsta 45
Ffoltol 2 712AIZ . Sefo] EF 73°CellA] 2%
Ql 2x standard saline citrate (SSC) £Hol| Y & 102 =
37°C, protease - (Vysis, Dowmers Grove, USA)ol| 4] ] 2]
A Z e} o] Aol A PBSE 5% 59t AlH sl 5% 5t
1% EZFLus] =g HellA] 143 F chA] A-2ollA PBS
goho g AHgct Camoy LANCE wAS}I, 70, 80,
100% acetic acidZ Z+7} 5E7F @48 143 24E 33
HkEskgi) o] 3 Lalo]| =5 73°C 2xSSC/70% E-EU U]
T glo)| 527 97} MAA T 70%, 85%, 100% ol E-S
ol A2 184 S5A Atk A=A Gl 2ol 5419
Vysis probe (Vysis, Downers Grove, USA)E Hojrg]a 3}
SHHS hybridizationX] 7, NP-40 4o 2 #llu, A=ZAIZ
t}. DAPIE- Y (4,6-diamidine, 2-phenylindole dihydrochloride)
o2 gz JAE sk 4] A= Red (3H), Green
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NMP22 71 4= NMP22¥ test kit (Matritech Inc., Newton,
USAYE o] &3le] AIX S Foll 9 £Ws Ailielstod
35N o Z EIA (enzyme immunoassay) W& o]-&3to] 9
Z NMP22 kS 8t ar, NMP222] Zkol 10 o] &Y 7%
NMP22 Ao & gt

3. XAI2EY
QAEAA, NMP22, FISH| RIZEES} Bo|2o] B4S
{13 SAIEA 2 SPSS 12KE o] 839 3L, chi-square test=

[e)
BAstg ow, pgko] 0.05 nukel H$-E FAH oz 99
= Aoz AAs9h

o
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2. QMEZAL NMP22, FISHe| DIZE 2l E0|E 24

W3t Ak 106% oA e A EZRAL] RIZEE 6
(64™3), NMP22 75.5% (80%), FISH 84.9% (90%)E A% o
2§93 Zpo] S Btk (p<0.001). 27l A 2+ A4

Al

Table 1. Overall results of cytology, NMP22, and FISH of each
group

Cytology NMP22 FISH
Posi- Nega-  Posi- Nega- Posi-  Nega-
tive tive tive tive tive tive
Group 1
(n=106) 64 42 80 26 90 16
Group 2
(n=30) 1 29 5 25 2 28
Group 3
(n=20) 4 16 11 9 2 18

NMP: nuclear matrix protein, FISH: fluorescence in situ hy-
bridization, Group 1: bladder tumor patients group, Group 2:
benign prostatic hyperplasia group, Group 3: hematuria or in-
fection group

ol QAEAA 96.7%, NMP22 83.3%, FISH 93.3%%
NMP227} A H 0.2 YUA|wr, SAF 02§23t Zo|&=
ATk (p=0.168) (Table 1, 2).

3. QM ZZAL NMP22, FISHS| QAME M

270l A 9] I E> ﬂ 7 A}, NMP22, FISH7} 7+7}
33%, 16.7%, 6.6%= 72+ T 7o)l EAR 07§23t o]}
AR (p=0.168). 3TN HFAES QLAZH AL, NMP22,
FISH7} 7t} 20.0%, 55.0%, 10.0% 2 2t 7 7kl EAH o2
8213k zto] 7k ATt (p=0.004). LA Z 7 A, NMP22, FISH

At $eb8 Hirl u|XE dge B 93 2739} 37
< vl A7) 94 durt I AF 53 NMP220ilA

AP Eo] Aoz A F7Fskdeh (Table 3).

4. dZeto] 23Tt W0 ME QMEZAL NMP22,

25.9%, NMP22 51.9%, FISH 77.8% % %ﬂlz—jg v«ﬁ 2
o]7} 9lo] (p<0.001), AS5F £33} = uhgere] 73S FISH

e} A Bt nEF BIE 5289 FRlol

5= QAIZZA 96.2%, NMP22 100%, FISH 92.3%
AEF B3lx wlgolo] AL AA Tl BEAHOE §
& Hol7k §loeh (p=0.125). ek AAH o2 nEF

Table 2. Overall sensitivity, specificity, positive predictive value,
and negative predictive value of urine cytology, NMP22, and FISH
for the detection of bladder tumors

Cytology NMP22  FISH p-value
Sensitivity (%) 60.4 75.5 84.9 <0.001
Specificity (%) 96.7 83.3 93.3 0.168
PPV (%) 98.5 94.1 97.8 0.250
NPV (%) 40.8 49.0 63.6 0.059

NMP: nuclear matrix protein, FISH: fluorescence in situ
hybridization, PPV: positive predictive value, NPV: negative
predictive value

Table 3. False-positive rates of group 2 and group 3

Cytology NMP22  FISH p-value

False positive rate of
group 2 (%)
False positive rate of
group 3 (%)

33 16.7 6.6 0.168

20.0 55.0 10.0  0.004

NMP: nuclear matrix protein, FISH: fluorescence in situ
hybridization



Table 4. Sensitivity of cytology, NMP22, and FISH for the
detection of bladder tumors according to grade and stage

Cytology NMP22 FISH  p-value
Grade
Low (n=54) (%) 25.9 51.9 77.8 <0.001
High (n=52) (%) 96.2 100 923 0.125
Stage
pTa-1 (n=64) (%)  40.6 65.6 78.1 <0.001
pT2-4 n=42) (%)  90.5 90.5 95.2 0.648

NMP: nuclear matrix protein, FISH: fluorescence in situ
hybridization

Table 5. The overall sensitivity, specificity, positive predictive
value, and negative predictive value of combination of cytology,
NMP22, and FISH for the detection of bladder tumors

Cyto+ Cyto+ NMP2+ YOF
NMP22+ p-value
NMP22 FISH  FISH oo
Sensitivity (%) 56.6 547 69.8 528 0051
Specificity (%) 967 967 100 100 0.565
PPV (%) 984 983 100 100 0.535
NPV (%) 387 377 48.4 375 0522

Cyto: cytology, NMP: nuclear matrix protein, FISH: fluorescence
in situ hybridization, PPV: positive predictive value, NPV:
negative predictive value
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Wgqke] W7ol whE RIZEES] E4 A3} 647 9] pTa-1
o] 7% QAEAAY} 40.6%, NMP22 65.6%, FISH 78.1% %
Hoj 7} AA Zhol| SAIF & {23 X7} ARt (p<
0.001). 4278 9] pT2-4 W3t Aol A R EE QA|ZA
2+ 90.5%, NMP22 90.5%, FISH 952%% 2+ 7 AL Zkel] &4
Hog ok &t 7t s} (p=0.648). W7| JA| HAH
o 2 W77} F7Vel whek 24 A4S R Sl

5. 5 JHX 01y AAE WHYES Ao TN

HHgQk Fckol] 9lo QAIZEZI A, NMP22, FISH F + 7}
AAE et 7ol A W E = QAIEF AL} NMP22
Z w3l Ao 56.6%, NMP22¢} FISHS W3] Aol 54.7%, &
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(=0.051). E©]% A 96.7%, 96.7%, 100%, 100% 2. EA|=]
o2 Folgt Aol7t gk (p=0.565). FPAZFE (positive
predictive value; PPV)< 98.4%, 98.3%, 100%, 100% = }E€}
%31 (p=0.535), 24 9lZ 5 (negative predictive value; NPV)
= 387%, 37.7%, 48.4%, 31.5% %2 27 EAZ o2 Fog
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Table 6. Sensitivity of combination of cytology, NMP22, and
FISH for the detection of bladder tumors according to grade and
stage

Cyto+
Cyto+ Cyto+ NMP22+
NMP22+ p-value
NMP22 FISH FISH FISH
Grade
Low
18.5 222 48.1 18.5 0.001
(n=54) (%)
High
96.2 88.5 92.3 88.5 0.444
(n=52) (%)
Stage
pTa-l 344 344 594 313 0003
(n=64) (%) ’ ’ ' ' ’
pT2-4
90.5 85.7 85.7 85.7 0.890
(n=42) (%)

Cyto: cytology, NMP: nuclear matrix protein, FISH: fluorescence
in situ hybridization

Aol 7k $ld e} (p=0.522).

i 7HA ol e AAE WA ul E3HEel W) uhE
RS B QA EAAS NMP2E W) A, QAEA
29} FISHE %38 A], NMP222} FISHE W3} A], 12|12
WA AAE W Aloll Aew 3t WaEeke Ae- 4
18.5%, 22.2%, 48.1%, 18.5% 2 NMP229} FISHE "l A|
A E7L SAFoE Fo3HAl =9kt (p=0.001). 57
st whaokel A9 22 96.2%, 88.5%, 92.3%, 88.5% E
7t AR ZF AR SR o8 Aol = §laith (p=0.444). =
gt pTa-19] 3% 247 34.4%, 34.4%, 59.4%, 31.3% % S A
NMP229} FISHE #3l] Alol] QI =7} BAIH o2 {93
Al =%t (p=0.003). pT2-49l ZH$= 27 90.5%, 85.7%,
85.7%, 85.7% % =2 W7)oAE F 714 o4 HAE H
qale A SAIFLE F% Aozl gl (p=0.890)
(Table 5, 6).
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NMP22= &H-F- A 22] (nuclear mitotic apparatus; NuMA)
o A eag A, Qe 2T M| o] vl wFHA Lo
A oF 250]e] ALE W) 5ok 7k B olul ek
A|Z2] NMP229] ZA47ko] Whgete] B3k e} o] glof
B3 27 g vbaelol| A F7hehek” aeu), NMP229)
735 w9t di Aol fkA Bl Fol, v dFE0lA
olgl StAEE WAl Ho|=e}t kAol Zgke] FUIet
b4 B Ao AR §9HE o) fFl we I E
o] 167%l14] 55.0%% 2715 Belck e}, QAEAA
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