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New Techniques for the Detection of the Malignant
Cells in Urine Cytology

Gyungyub Gong, M.D.
Department of Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Transitional cell carcinoma of the urinary bladder is common in the genitourinary tract. The gold standard for
the diagnosis of bladder cancer has been cystoscopy, along with urine cytology. Cystoscopy is an invasive and
relatively expensive technique. By comparison, urine cytology is easy to perform and specific for a diagnosis of
bladder cancer, although less sensitive, especially in low-grade tumors. For this reason, there has been a need
for superior noninvasive technology to increase our confidence in being able to detect bladder cancer. There
are many reports of the various urinary tests that are available to facilitate the diagnosis. In this article, |
reviewed the literature on urinary markers and tests that may be clinically useful, including fluorescence in situ
hybridization, uCyt+/Immunocyte, the BTA® test, the NMP 22TM, the FDP® test, the telomerase activity test, the
HA and HAse tests, and flow cytometry. Most of these tests have a higher sensitivity and specificity than
cytology. However, urine cytology has the highest specificity, especially in individuals with a high—-grade tumor.
We conclude that no urinary markers or tests can replace the role of cystoscopy along with cytology in the
diagnosis of transitional cell carcinoma of the bladder. However, some markers could be used adjunctively to
increase the diagnostic accuracy during screening or during the postoperative follow-up examination of patients
with bladder cancer.

Key words: Urine, Cytology, Urinary bladder, Neoplasm, New marker and test
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A S=7F =obA f1dAd el flolof k= Aol o
d 23125 100% SHAA & 7 s AR aA
A= ik whebs] B3 Ed3AE HGAolA &
aL A7) A wgEek 5ol Al 2L A
AP e} o] dasitt o dFE o] tiE AaA
ol A7]5 o W A7t 9ol gtom, B HARH

3 B uEo] gt
NMEL AARE =34 deshd 2747 AA % oA
st Wy gEx g =

A= ¥, ©A| (proteomlcs) BaW = oqa
HEo] Hyu¥ iy Quh tﬂF,HULx%o] 27T AA 5
A ALgE 5 9l HAPHLS FISH, uCyt+/Immunocyte,
morphometry 5o ] ). 2 oA 7 7HAIHE 9

Bz} 3o}
T 8 Fol HlE e FddS HAkskE WY
% bladder tumor antigen (BTA) #& Ao 91t
7149 QRS A3 original BTA ZAM, human
complement related H factorS =% 3}l+= BTA stat &
BTA TRACK assay”} Qth*® o]o] w7ty @ Eo|x
= Bax wel B}%aﬂl 57~83% % 50~72% ©|
t}. o] & BTA stat AAH2 FDA 5918 w2 A}
ot Bt o= dnte4 ‘?:P‘ﬂﬂ (nuclear matrix protein)
dgl HAPE S E] NMP-22 testo] th.” NMP223= 3l
12 AE 224w JAaFe] By AAsA
T 71wl vk F FAE ARESt &
= (enzyme- linked immunoassay, ELISA)
QB =5 A olt} e
7} 68~88% = 65~91%0°]1 o] <A]
A P ol QoA Augk F AL
| &olat7]= shARE FejgtAel A&
7= o Aol Ak HE A
P ¥ A o8 T 2
t] uCyt+/Immuno Cyte ©|t}? o]&=
g AAE TE § 93E
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o] 9Ji= DNA 4=} (probe) S o] &3 A|EoA] 4
2] =242 Wz} 2] 3 (translocation) 22 W 317} Q)
= A2 44 g 5 e dHoR Wgtee Solw
7} =o AAHTE* 1 ¢ fibrin-fibrinogen
degradation product =% ¥ 254§ 2 (telomerase) &
A 22 2 hyaluronic acid/ hyaluronidase 27 %,
microsatellite ZAFH" 5 ol2] td HAE Sk A
AP E7E st EE pE]e] ek o)
AR el A2} (“dream marker”):= §lTHE Snjo] 7| =
CIR= N SR R ST HES] B Bzt
et 2 HALES o9A Aldste] ofd Ao ® o] §

T':?iae

sheAdl me B4 R At e 98 5
Qo] Folzk 47s 2 AL & & ek Wb of
o AAPEE] B B, ABH 09 52 B
B, St L2YNGES AW o 83 &
F oo wuEel o LotnaA

ALMALE| 2afy
(Fluorescence in situ hybridization, FISH)

FISH= 93 =3o] Fa5o] gl DNA BAA=
ol &8l izt 85, Ad 5 RAA Wl Aekd

=1 o

= W7t dEAE A ¢ e Ao R 3
al ol ol g5of gl
H 5ol A Ag 7ol %ﬁ}x‘oﬂ upe} Apo]7]
(interphase) FISH 2] Al-g-o] ooty 113t Fcto
ol&y 1 011;}16 ul3oko] I
A7E s o] Folx A
o5 olgid o] {FHx W3yt ojn] & e A

b gxpA o w2 gp21e] &4l o]x}A o= 3p, 7, 5q,
15p¢] g5 th& o= 11p, 6q, 13q, 18q2] 5o #&
of Y Ao Feld glof Ag o sl Ay
7] Az o= 9ol gAaxE WA A FE ae
o] Ade AR T 7 W=} 2 479§
MRS Shte] g9 R Fo] V=R whEo] AR
=4l o]Ae]  UroVysion (Vysis/Abbott, Downers
Grove, IL, US.A) o]t}® o] Arle= 3, 7, 17H 94
Aol F414 (centromere) 9 A4 A &) 9p21 S
¥H0 =2 sl= 4709 oA &A1} (multicolor probe)E
ARG8T 271 o] 4ke] A el Wskrt gl ME7E 5

el wEE uE cFAdrolgtal Hadtth Baizb
of wel Xpol7b 917 1 H
RI7HE 81%, S0l % 98%E ivha] =
Solwrt wol A= st HAF H-&o] 117}o]
W FAAN AT S5 du7E 283 Ao wolgt
e 4 Atk FISH o] 9ol &= vl A AAbe] 2§
H (comparative genomic hybridization, CGH), &#} &=
J (molecular cloning) 2 microarray 71 5 t}3k W
Hol A 9 Fdx wistE Bsted o] &5

ULt
uCyt+/ Immunocyte

uCyt+/Immunocyte (Diagnocure Inc., Saint-Foy Quebec,
Canada) 1997\ Fradet 5] 7)&ale] W sk AAH
o7 WAFFAME o] g3 Aot o] AAMY
o= 3712 FAZE ol &H =l 2 T dh= CEAY]
high molecular weight formo. = a4 4] (mono-
cloncal antibody, 19A211)¢] ™ Texas red= F-=% o]
Iy A Al Y] Y s RHoR
sl kAol (M344 2 LDQ 10) o] &A1 52 3 g o]
Fzbg]o] Qit), o] F M344% 300kde] sialoglyco-

11:3 o]— Oﬂ 1:1]—‘5:]0] Lr:o], tﬂ7]
71%00 A Fd ¥ a1, 19A2112 Ta-T1

wEEs Hog ELQ;&E}.ZO A}

protein®. = E-3]
Ta-T1 W3eke]
F%e] 9% =

o mwA by, 50ml A=) Qold FE &
ol zhut (Milipore filter)ol] 25 ZA&#jA AE HAES &
= b flollA 7= Al FAE o] &kl Mg
A Al Hrh dA AESEHANE TES
Al BAE FolA e fHo R whEo] Flon
2 gk o) el gA whgnt AldshH ) et
A AdE dEEtAA B e Aol glo] He
A EA = e mpgo R @E% T UE AAMR

A9k, FISHA H & 3dAn] o] HQasl™, Texas-red2t
FITC (green)= Alol] #&a 4 91% °]% Z¥ (dual
filter)7} ] =] oo go]atA ##E = Ut} AE2E

of
A% sl He

Mol =l EX] Ay HE
g Ul o4 #EsY FHom B2 Ak o u)
FY A fol AT MAG HPRFon o
A9 A Falor 994 BHe] oRE AT 5 9
o A Bade] me oedet® v
90% (53 ~100%) -] % 74% (64~95%)% T 7tE 7} =
2 W Solmsh e Aol of A WA oly]



(Bladder Tumor Antigen Test, BTA Test)

Z zo| ®31¥ original BTA test(C. R. BARD Inc.,
Redmond, WA, USA) = W339ke] 7142 554 A
o] AR5 QIASh: AAE o R A 196G 7t o] &
%)= latex agglutination 7] ¢] o] & F T} o] AR L
16-165kd =7]1¢] polypeptideo|th. ZA3}= FAAbY] (test
strip)e] A2 Wst2 & 4 Ak 2ey original
BTA teste] W17} %+ 34~70% A Lojil Eo|Ek ub
stom AAEGETH AHASGTS R #ARY
86.4%°l A= Fgow vom, 1 9 gy 4 HAY
A= = 2 oA AFoAE =& oFA]S-0]
e 5 1 oAl EAlHel A7 E Ak wel
A 1 o]F o= original ZAMHBETH BTA stat test><}
BTA TRAK test (Blow Diagnostic Sciences, Redmond ,
WA, USA)E Fz Algel=dl ©]52  human
complement factor H related protein (\CFHrp)S =7 3}
= HAPH ol th hCRHrp= &4 A ZE©] complementol]

af FRE= HAAE el 7 AnF EohFe
ditolH o]59 EAle o AlXY AES R
BTA stat teste= A/ 2 <l A 2= immunochromato-
graphic test®] WA, BTA TRAK test &= A &2 ¢l A}
HOZ ELISA AR o|t}. BTA stat test=

1o

= xZo
T o T
U FAE ALgSte] 58 AEW AW o 5 9

p e

& AR wEa dste] ool m E44 &

9)\1’4-. /}]—Ei}_g e) }\] 3] x](d|p StiCk) H]—/\] o] 7—]/\]_1:14_0—§

A A Azbe] A F A2l WaE sow w

th RIZPEE 57~83%°]al, ATd LEAFHdE]

HIZHEE of 50%e] A%, e olmth shel 20~
25

= 29
83% o|t}.® So]x 68~72%% Ky k. A
Al Bt Z (88%), Ao WH (T0%), ol =2 ¢4
£S  Uehdth® BTA TRAK  tests=
immunoassay = A7} A3 A A= 96 welloﬂ 8E
T ARAZ F A e dol F A

[ WA E o) 450nme] wpol A ety ¥

Cin
o

0

O

T}, Stat test MU= A|7bo] ©] A%k A ZEA 717
itk Aol i MARE A Siel FIo

™ a
A 7180 AEAA AR EolA 62~77% (54%
GRADE1-78% Grade 3) ©] A2t o] A} A Eo]li=

50~75%0°] k7 M7t} Eolmrl we 7L o)
g S R

SHHIEHEl Bl ZALY
(Nuclear Matric Protein Test, NMP 22)
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~] DNA —‘i%xﬂ, RNA AL 51 - zke] o] ¥
o EAE F7) £ 543 d3 #w#e] gle
NMPol| theh W7zt w9l o, Wgetat=

= NMP7} HuEHJ=d o5 7 N
(Mattritech Inc., Newton, MA, USA)7} 7HEE <]
NMP-223= Al A o] GAde] 243 A
FoAA =S 25k 9ES st WaEekd
of gugrch oF 258 A& NMP227} o] ]
;ﬂo oLquq 011;}7 A AAF e —‘:r )
AJ = A3l ELISA AAIHOo® Az BA
. WZHEE 68.5~88.5% % Eg&]z 90
T 652~91.3% HEolw o] A M4 )
FA B 9 gE el BlwA A B
of W=l glojA= BTASH np7iA = A5 o]
T} 2% H = BTA stat teste} --AFeE 2148 AAPY
7l 91+, bladder check test (Matritech) ] ©
stat teste} whRH7EAI R A A QD HAPT ol W
w3 o9} frAbstal 21&3te] 30 AW ARE
T Atk o Al QoA A AldE] = 5 9
He AALEA W7HEE 68~88%0] il
~91%o]t}.
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Fibrin-fibrinogen degradation product, FDP

McCabe ‘5] 198411 FDP7} "3t} ¢lgto] glo
1 FDP test (Accu Dx, Intracel Corp., Rockville, MD,
USA)Z Z4o] sbsstths Bug shgiatt of 3
Aol dels SEAEZE D v g1 4 (vascular
endothelial growth factor)& ol H|sle] H| A A
o) FahEol Fbeta B W) F shiel A
o] WA L o 5le] Wk ubgol A HfaE A

AAES wed ado) Euso] i o A%
otk A gol HAel 1
Hollont HAR AIZE
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inhibition method, latex agglutlnatlon ELISA " 3
A A&d Adyoes 744 BAHQT W
82% (27~100%)°] 31 Eo]Ei= oF 80%015}3132

l
r1r )

Hyaluronic acid-Hyaluronidase test

Hyaluronic acid (HA)+= nonsulfated glycosaminoglycan
oz z7e) wpgd R Aol & Rk HAE X
Ao gAY 9 FE PPl Fad AR
hyaluronidase (HAse)= HAE EalA7]l= Siolth
HAE W33t 5~78] F715 o] HAses 1539
kel 4~7u) F7}El0) Qe Aoz el 9l

T} B4 o)1 o WA o ZA] HA teste] TR

83%0°] L, 5] 2= 90%, HAse teste] 717+%+= 81.5%,
Eo|% = 83.8%0] LB HA test:= Wels i F
o] &5 3 HAse tests= HW3ote] S5 W rstEt)
Saa.

ZEHSA Z{AlY (Telomerase test)

Erdasye g E l‘i—%oﬂ EAEE S
DNA  <12f (sequence)ol™ A4 E<H44d (chromo-
somal instability) 2 A 3Z A}l %04?5}3}.33 A FEHEA o]
Jojtol we} Aol dolrt FolA =, A5 &
A o)zt FobA glolAd Alx= A He Aol

o BRdast 2RAel §70 e fioln
el B4 Aol A3 FASA S o
AZANNE ZRATL 20| 4

Table 1. Summary of FDA approved techniques

Telomereric Repeat Action Protocol (TRAP) A} o]
T2 W7 EE 70~86%°] 1 Eo|E=E 60~90%°]
o A v 2 G54 HECE 233%4 %
FAol e F gk

OIMEH| 248 (Microsatellite analysis)
A A= tds] thFgk DNA WHE 2R Q]
kel FAANA &3] FEEY. Loss of heterozy-

gosity (LOH)Y microsatellite instability (MSI) 22 <A
3k prel ol WalkE AXE £ e vARSA
FEAAZE Aok 1 5 Qe A= A A) 4p, 8p, 9p,
9q, 11p % 17pel Al A5 LOH7} #ZHTH Mao 5ol
199611" MS H41¥-S o] -g38lo] 20 2] #2257 3
AE didom 1379 ARG BAAE A5
MAES Ea] 371 950 Adalglon o] uf 37
AlEE QME PAF] WSS 50%ytel F A ekk
ok B2 32k diA 57F HolA] 9yt okt sjag
T dAwE By e el 8o HEolghs HelA &
okt waro| Q. o] F A& Aot o)A A2
g ARlel Hasre glem” izt 83~
95%, 501 100%= A7t stk @ o e |
A DNA EA2E Abg-alfof st o] %
i &3] Al85E PCR 7|HS o] &3l7]=
AL R 2R ko) it A go] fola)

Ak ek mhekA A g X}%i}ﬂﬁliﬂ I

L
[e]

Urinary Test Marker Test type Testing place  Time taken  Sensitivity Specificity
markers materials identified
FISH Bladder Chromosomal In situ Lab. Hrs 69-87% 85-97%
washing alteration-loss or hybridization
deletion
uCyt+ Urine CEA and mucin IF Lab. Hrs 53-100% 64-95%
BTA Urine H factor of Immunoassay  Point of care  Few mins. Stat 57-83% BTA Stat
complement (Stat) and lab and hrs. TRAK 68-72%
62-77% TRAK
50-75%
NMP 22 Urine Nuclear ELISA Point of care Mins and hrs 68.5-88.8% 65.2-91.3%
mitotic apparatus and lab.
Accu-dx Urine Fibrin degradation Immunoassay  Point of care  Hrs 68% 86.2%

product

Modified from Dey P



M=2E3F7] =& CIX} (Cell cycle regulator)

Ao ME F7] 2 Gl Axe] FA T
gl golatm 2 FAlE o] vk 22t o Ao
M= oo FAIZE FoA FAIG AlE FAo] Y
o wbsgebel A H Ao defdhe AlEFT] 24
) 9§ xbEo] Wol 9k 1 F dEH S Ao
p53 EakelAl Al AW WHET Au)
Pl A p53e] WshE B 4= QUvh® p53 wu) e
At s FalA #EE 4 9lown, ps3e] Wol
© PCRE EellA] e = glvh. 204 €] ps3 Witk
EE 285%% Yal Eo|EE 75%o|t 1 Qo=
pRb, p15, p21 % cyclin-dependant kinases 5ol o3&k <1

T o] FofA AL gt
Cytokeratins

Cytokeratins (CK)-> &%+ "] A4 (intermediate fila-
ment) = AXEe] FAS sk g o) AT
AZ 8o wat HdyE cKe £/77) that) o]
44L& qfo]l AVIAY Hol7t Holk fAE= Hel
o} o] tEe A
18, 19 ¥ 20S ztal glom CK 13, 179] W& ke o}
%3}, CK 4, 5, 6, 10, 14 2
% CK20& 9AHAEE A9
A Ewdo] ¢ Hu ATHe dAE
Z ArkeE Ravk Qo nges =
67~100%°] T} CK 18% W4ot Hthe] TS =
F 9l CKolth® Nisman 52 W3y g
CYFRA 21-1 assays ©|&3l &34 CK 198 43}
o] B agrh? M EE 79.3%, Eo) % 8

=3
solsd izt sh2l (Blood group-related antigens)

A QI 70~80%<2] f.=2/delA ABOH) 2
Lewis blood group-related (Lex) antigens % Thomas-
Friedenreich-related antigen (T-antigen) o] ¥+Zgc},
AL ofut o]t FYUEL] Wo| o]ifo] A
20 Aozt muEt® ABO ¢l wHE el 4w
vt slotabe] A, Lex Y 2T I wd
I o] BT tEe] Awdol delA7] AlEEFAh
o] o] 2ol ZAE Fi TLH Aol U= p-l
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N
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FAlol AE el BAE Aps g, 9
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AH Aed GFR 51 @Ee Fotd

w ¥ = oo

X
=

] S H
980l ¢ Hol Yyt EE RuE Ao =29
E= AEHA Bope vt o s Agk ol gl
AAr HE B E I AN WEVE ass
1t} Quanticyt system-> g8t u] 7 gl 33| = o]n]
]9} DNA & 24]ste] Wgete] 9

HAo A=A
h=4 = o]

= 7otk UM 7168 SEAEEZA T} GAE
=+ 59
[e]

=

e X orr = jo o & ox (f
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¢

A7 FAH 2 e wy Hrh 1
69%¢°] 1L Eo]%Ei= 70%g =o]Th o] A 3
AAZE Beasky AA AR = Sxeta GAEA

AAE dasturz ggste7]d= AR o] B

M2 B ol P

(Novel Proteomic approach)

el o] AE 2 o2 2D gel-protein mapo] Eo]
Gxo] gt A 5o] dl Aol F7]Fl U
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o] o]Fojx kMl R AHekEA]7] (mass spectro-
metry) 7} ©]-&%7] Al&FsEITh o] 712 2-D gelell
Hg] RS =3 Sun wan Q34 £ 5
3k 71yoltt. H 7Sl ProteinChip/SELDI techno-
logy (surface enhanced laser desorption/ionization time of
flight mass spectrometry)& ©]-§-3te] A= Whg<et
e FAAE Fuz) s A7 Ras ok
o] A& Tafl 57/l M= ez tEe] 4Es
A EAAs TS v FPe Fobled), o] 3
S 3.3~133kdol| o]E2tt. N AETEA FA ALY
7S 43~70%0] 21 Eo] Ei= 70~86%¢] 1] A =3}
A =

EAAS Bl 29e9e de WgEst
[e2]

A7 9l
Barstol 43
o A ?j_

Eﬂ T

o

o

2,

o,

2

)

A\

g

o &

7|E} EX|X} (Other biomarkers)

cerb 9 T2, Ki-67, PCNA
(proliferation cell nuclear antigen) & Z218-<l, A%
o1z}, w3k cadherins 2 integrin 59 A¥ 2z S
of thek A= o] FolA| AL vk, Aot A
o] & FPoz delzl Flof= BL2-10D1 antigen,
T43 2 T138 antigen, 48693/12 antigen 5°] X L% L
Ao Ao o] gstrldle & ol B AT

go] dasi.

c-ras 2
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