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SIGNIFICANCE OF A SIMPLE ASSAY OF URINE TELOMERASE ACTIVITY
FOR THE DETECTION OF BLADDER CANCER

1 . 1 1 . 1
Ikuya IwaBucHI , Kazuyuki Morr , Hayato YAMaAMOTO , Shingo HATAKEYAMA ",
. 1 . 1 1 . 1
Takahiro YONEYAMA ', Yasuhiro HasHiMOTO , Takuya Koir', Noritaka KAMIMURA ',
Tadashi Suzuki® and Chikara OryAaMA'

" The Department of Urology, Hirosaki University Graduate School of Medicine
2The Aomori Hospital, Oyokyo Kidney Research Institute

We developed a simple urine telomerase activity assay by a modification of the TeloTAGGG telomerase
polymerase chain reaction (PCR) enzyme-linked immunosorbent assay kit. We conjugated digoxygenin
(DIG) with the CX primer of omitting hybridization of PCR products and DIG-labeled probe. The
sensitivity and specificity of bladder cancer diagnosis on 100 patients with bladder cancer and 25 healthy
volunteers using the simple urine telomerase activity measurement were 81% and 92%, respectively. The
positive rate for bladder cancer by the present assay system was affected by neither tumor grade nor

nvasiveness.

be used for mass screening of bladder cancer.
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The diagnostic potential of the present method is superior to the conventional urine
telomerase assay kit and urine nuclear matrix protein-22 (NMP22).

The present method is simple, and can

(Hinyokika Kiyo 56 : 551-557, 2010)

apparatus associated protein (NUMA ¥ > 7¥7) H3#ilfig
FEATHENTERI & 20 ) B8 i AR 2w L 7
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TeloTAGGG 71 * 7 —+ PCR ELISA * v I (Roche
Applied Science, Mannheim, Germany) (& digoxigenin
(DIG) THEF L 727 0 X 7 RARELNZ AR 8 2 7
I — 7 &, polymerase chain reaction (PCR) TIHME L
727 a AT ARSI E DR TNA 7Y 4 =2 3 »
ATV, TH AT —BIEMEICHIR L7256 % enzyme
linked immuosorbent assay (ELISA) TR 2% 2 &
LD REY Y IV OPESEHLHEZTREE L72.
Ml Fy PELTIASCHEREIN TS, E512,
Cheng 5'713 DIG THE# L 72 CX 7F 4 ~— % H»
TPCR FUGEAT) TETNA T FA4E=2a>D
ATy TREM L, WEED 2 ERNE S 5 55
FVEMOTORXT - EHEEZHES 2 HEEZER
L, REREZWIC BT 58 HEZ @l L.

bbb Cheng 57 Ol FEL % FLAR IO
Telomerase PCR ELISA ¥ v b % FJH L T fifE TIEAg
70 AT —BiEEHEEEER L2 AENE, B
Fa Mk 2 v 72 TeloTAGGG 7 H X 7 — 4 PCR
ELISA v b & TRAP fii5 D7 1 A 7 — L iE LA
SERED DI, & HIZBEMREOBWTREI IOV TS
HlsEd: & NMP22 % RS L 72O THE§ 4.

&R EHE
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100EBI DOBEZE % Table 1 IZ/RL72. BOBDODIES
Wt a9h Ay 7+—AFarty b aRITVRERY S
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TR g 5 1901 2 B 25 L2 L TR NMP22 5 % )

Table 1. Demographic data on the patients with
bladder cancer

Simple telomerase assay NMP22
100 cases 31 cases
Mean age (range) 70.9 (43-89) 72.3 (49-88)

Sex male 80 24
female 20 7
Grade 1 20 7
2 43 17
Grade 3 32 6
unclear 5 1
T category s 7 2
a 16 7
1 42 15
T2= 24 4
unclear 11 3
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EL72 COBERESIGIOBEES Table 1 2R L7
B, T 1A T — B S g i 0k SAE B O 4
B, tumorgrade, T 17 TV —IZH B R EZ RO
o7z,

BEBRE ARk & LC, b MEBEMI R T4 B
F O 82" 27z 10~10° [HOMFEZ 10 ml O
WHEIRB LU PBS (—) (2RS4, 37°C TR A
X aN—a v Uk O L e o,
&, SR L, —80°C TRAFL 7.

PRAFIEEIE I, BAEERIZE 2 50 ml DJRA 5 ]
L7z BECL 72/ % 4°C, 2,000 rpm T 5 45l 0
Sl UM & vh s, 2EE L, —80°C THRAF L 72

AifE< L % TRAP lysis buffer THE&H L, 4°C,
14,000 rpm 12 T2045 0o BE L 7. B GlEfadh
W) 150ul 271 x5 —BHIHHT & LT aME R
L, —80°C THRAEL 7z, BKRAF T 2ATICY ¥ /87
s % Bradford 520 CillE L 7=

T AT —BEEEIEE, I TRAP #%E+ v b
» TeloTAGGG 7 1 * 7 — ¥ PCR ELISA *v b
(Roche Applies Science, Mannheim, Germany) % H\»
720 % X7 6 ug MY OME R 2 VT
N O AFIHE S L72A > THIEL 72,

T O A T — i S E %L, Cheng & DU
B DEMAEBEIZ LT, TeloTAGGG 71 A F —
+ PCR ELISA * v F2fIH L CTHEZE L HlF
N B X O EEOMIE % Fig. 1 1R L7

DIG #E&# CX 79 4 ~—% AT, Wi TRAP iHl]
EXY FONA TV A X =2 a v DATF v TEEZN
72. 0.1ug ® 5 K DIG &k CX 791 ¥v—%
PCR Fa—7IZAN, O LEIZ WAX i AR
70°C T 5 ArMBUG L7212, SR THRIE L WAX N
T—%AVEE L 720 KIS, 2@ PCR F2— 70 WAX
N T =0k, sl S X UV TRAP lysis buffer,
50 uM dNTPs, 2U Taq DNA polymerase, ¥ #4F > T
TR U720 lug OTST 74X — %A eEm% 50ul
L., 25°C T30 M7 a X o— ¥Rt % 7o 72
MCTHHMMEA LT AT—EERES L. £
Dk, 94°C 308, 50°C 30, 72°C 90#12C PCR %
309 A 7 VATV, W TI2CTLO BG4 72.

PCR #¥) % TBST [10 mM Tris-HCI (pH 8.0), 150
mM NaCl, 0.05% Tween 20] 2 TAHML, 96X~ A
70545 =T = DOFKRIZI00p1TORL, 37°C
T304 M BUG &7z, FUBH 20D Br &, 200 1l @
TBST T2, 300rpm T 5 43032 5 mIPE#E L,
20,000/ A F anti-DIG-POD ¥ % i Z, 221 T304
it 8472 Rl E eIy &, TBST THg
. 100 41 @ BM Blue POD substrate % fill 2, Zi@T
1055 FIBOS & 720 A2, 100 1l @ 5% HySOy % il
ATCRIREEIEL, WOBEE Az L7,
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Fig. 1.

Difference in telomerase activity assay system between TeloTAGGG telomerase PCR ELISA kit and the

modified simple method. We conjugated digoxygenin (DIG) to the CX primer of polymerase chain reaction
(PCR), omitting hybridization of PCR products and DIG-labeled probe.

JRA NMP22 ll5E ¥ v +Cl&, WHIRMIMR, #EIRE
MRIERR 5 H DI E 7213 TRz m§ 2 &'
B720, FHAHPFIHEC TS & R 7AES TR
NMP22 i % #l5E L7z, bRt NMP22 72 121
I =7 Matritech UNMP22 7 A b F v + (Z=7% 3/

VE LAY =M, B ZHWTF v b OfHBHE
2L 728> THEIEL 72

MaT PR ENT 1X, Mann-Whitney @ UME B & O
Fisher’s exact probability test % V>, f&l=E 5 % A &
AEELT

i R

B TRAP ¥ v b+ (TeloTAGGG 7 1 % 5— 4
PCR ELISA ¥ }) 12X 2710 X5 —BiGkllET
&, MR 106, AR fR EAERE G 5 B A SRR S
ML, EE5LmMEINZTTFa s —YiEEsillE
L7z, o7 x5 —EEMEE, BEE (0.093+
0.073: mean£SD), EPEEE (0.0380.004), &%
H (0.047£0.022) OMICHEREELZROL»ro7:. %
72, B EO T O XA T— BIEYE O mean + 2SD
(0.091) 4y bATMELT DL, BEEOBESRIE
40.0%TH -7z

WAz, e NEBEMILE PBS () BX Uk MRIZ
FiE S, WL TRAP v P B X OIS EICL 5T
0 A7 —BERHEOMMLRA A MG Lz @S5 Tik

T24, J82 £ 12 PBS (=), WRAWFEHEIZBWTI0MEA
SRR CTH o 72 (Fig. 2). MMlEEIZ L 571 X
F — VIGMEEOHBERENE T24 T0.896, J82 T0.836
& B2 B BIAR % iR 72 (data not shown).

i oL DI L Re ) & WS 4 5 7290 BERERE 100
B, SR AR ELPER 2661, (R E BN OWTH Sk
ICTT7u X —EiEHELHE L. ZNENOME
1, 0.286%0.248 (mean=SD), 0.069=0.043, 0.062
*£0.023CTH o7 BT REERIZIL L THEELC
BWiEEE AR L7 (Fig 3). 72, fEwWET O R
7 —E{EHAE D mean +2SD (0.108) &% v b4+ 71H
LT AL, BEB LOCREREORBERIIENEN
81.0, 15.4%THh -7z

JEEERE 10061 D 5 b Mk A I FRBYEE - 558 B 0] ]
L7zEFOT 0 2T —BEWEL, OB R
FE - REEICL o THELA G, G2, G3 o7
AT — BiHMEIEZE N 240,266 +0.260, 0.311 =
0.280, 0.282%0.213Tdh 1), HIEIZ L 2 HEAET
BO% o7z (Fig 4). TOBHERIEZNENTS.0,
81.0, 83.3% CTdH-7z. Tis, Ta, T1, T2 Yl EDF
O AT —BEHIZZN210.285+0.253, 0.296 +
0.314, 0.259%0.234, 0.304*0.189CTH V), {EEE
IZXDHEBERZIRO o7 (Fig. 5). /2, Zok
P ZE 2100, 81.3, 71.4, 95.8% T -7z,

—7J7, B NMP22 i) Tl , i & o R iy NMP22
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Fig. 2. Sensitivity of telomerase activity assay in bladder cancer cell line.
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Fig. 3. Telomerase activity measured by the simple
method. Horizontal bar represents cutoff
value. The telomerase activity —was
significantly higher in patients with bladder
cancer than in those with benign urological
disease or healthy volunteers.
T =]
£
g 17 a o
hi
§ ] a g
2 . 2
5 =]
g 4 = - -
®© =] —_— =]
cutoff - EE :
=0.108 2 E
0 =]
G1 G2 G3
(n=20) (n=42) (n=30)
Fig. 4. Telomerase activity measured by the simple

method categorized by tumor grade.
There is no significant difference in telo-
merase activity among various tumor grades.
Horizontal bars represent mean values.
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Fig. 5. Telomerase activity measured by the simple
method categorized by clinical stage.
There 1s no significant difference in
telomerase activity among various stages.
Horizontal bars represent mean values.

JEEED mean+2SD TH A 11.34 U/ml ML EZ Bt &
T5 &, BERIIRENE T54.8%, BMEEETS3.3%
THo7.

L TRAP v M2 X B 7 vt A TIHENEDOK
PEFREAN0.0% &, BHFEICIL L THL2IRETH -
7o, F2TC, BBFEICLLETO AT —EiEEL R
NMP22i B DBz OB Wise )1 % Hik L 72, Table 2
2T DKL L R REO IR AR L7z, FRRE IR
bl N R = Nl N A I B A T L 1P N JER e
TR H NMP I L CREED 22> 72, Table 3
IZHEE OB O AR L7z, R NMP22 iR X
DHT70XAT7—EEEDITH D, BEEDOTRTHL
B, FEEICBWTEVBEFREZRL, 263 B
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Table 2. Sensitivity and specificity of urine NMP22
and urine telomerase simple assay in
bladder cancer diagnosis

Sensitivity (%) Specificity (%)

NMP22 54.8 94.7

Simple telomerase assay 81 92

Table 3. Positive rate of urine NMP22 and urine
telomerase simple assay for benign
urological disease and bladder cancer

Positive rate (%)

| Simple
NMP22 telomerase assay

Benign urologic disease 33 15.4

Bladder cancer 54.8 81

Gl 57.1 75

G2 58.8 81

G3 33.3 83.3 p<0.05
Tis 50 100

Ta 714 81.3

T1 46.7 714

T2= 50 95.8 p<<0.05

Z =

L DK TH 72 TeloTAGGG 71 2 55—+
PCR ELISA ¥ > I (LUF, ili TRAP ¥ v b) (&3
ERLZHENTVDEFXFY b 12THLH7A, SHOD
AT Tl BEBERE M 12 40% LI b D 72 7z
Cheng 5'71& DIG TE# L 72 CX 74 v —% W
TPCR HIBEITITETNATY I A E—arD
ATy TREW L, WIREYZ EEIES 5531
SVEMEOTORXT—CIEELIET S HEEERL
2. FIThivbiug, ZoliErRhHELO 7
0X5—YERIEICEHT L2 EE2E 2, K
TRAP v F® CX 794 ~—% DIG TE#LTTF
O X7 —YiEHIEH S EEER LT

BEDCREMIE % V727 10 2 5 — B0 e T
1, 5T I TRAP & v b & [FBE A 5
OHIME L QITECERMEE R L, BTG
BT BHEEHR TRAP ¥ v MEIZHL TEw
WA R L, M EI0EA S THMRITTEETH -
72. Kavaler 52V, ERIKENC X 2 W5E THIFLES0
T CTHHTTRE & il LT 52, i kIR KBNS
LBMEUEDEELE 2 ONTz. N T) 5L E—
AYDAT Y T ML L CRERENUE LD
DrLEZ BN

i 2 T OWME G & Bead L 7oA 5, MifashtiE o
& X7 B 0.6 ug T PCR EWOARE 1/1,00075
B OEMTHo 72728 (data not shown), = D5
BeRA L7z BHEEEREOZRICB 2 KE

81.0%, FFHEI.0% L THICEVLDTHo7. fi
HHEOBEEFIL2/25 (8%) L&, BHEEDOR
PEFRIL 4726 (15.4%) &, TN FEF TCORKKEIC &
DD 1 ~36%°210 L T #fIE 2,

TeloTAGGG 71U £ 7 —+ PCR ELISA ¥ v Mg
WoOT1 2T —BEEHESY Yy hOFRTHRHZHS
NTws500125THAH. L2L, SMay hRSY
T4 L LT T o 2ETId, RS o ESRI1240% T
Hotz. HEPIEWGERTH > 720T, HHH%E
& R NMP22 GBI E i & O BT 2 175 72.
JR7 1 AT — LS F R BRI R
ANCICERMET T 2 &, FOFREMEICIEEERZEITRD
3, low grade, low stage DS TH U2tz
L7z L, Tu AT — BRSO E ~ —
N—EVERBEETLINT TOREICTFIEL %
1 14.23~25)

—77, W NMP22 (L AF T b 19994 7 H I fk
B & o 72 O BB O B ML 48 ~
90.9% P L HEENT WD, Lo L, IR REK
YFED BB A ZIF R T2, Sharma 5213 BAH 4
PFaiEd 52 EORMAMEHE L TCnD. RIFET
&, A LZZEEF v P ORREIC L2255 T, 1Bk
PEL Y S 2 WIRIMUR, RIREIRIER 5 H LN
BEBE 2 % Bk U CIllE L7270, BERME, BIEREOR
PRI ZFNEN54.8, 33.3% THo7z. BEHETOR
PFILTRCO grade BEOREFEICBVWTT R
I — B E S EENE 272 I G BL D
T2 L ofEEEE CHBEICHER mro7z. Z
D LIS IEEDE ) A2 R ORI ENT
WL ERRIET S, F72, R NMP22 B IR
SRV B OBIEEDSS.3% & muvas, GllEskT
F15.4% CTH o7z, Lizh»>T, 710X T —PiGHkE
Syl B IR R IR R D A T I W T vtk
AR THbLEEZ LN

7 H XA 7 — ¥ 121 human telomerase reverse trans-
criptase (WTERT) <° human telomerase RNA component
(hTR) ZEDH 72 =y " HPHFET L. I, h
50%721=v b® mRNA % 7E®& PCR 12 & - Tl
BT B HENRIE SN, BEWHEOBWIC B VT
JE55~96%, HFFET2~96% & LA E VS iE ) &
HIbeHEsnTwad, L L, mRNA Ol %
g 4700, THDEMETY O IV OBER R RES
W EREE T LEET D, LA > T, HEBET
KEDOY TNV ELET 21235 TAF 2 ER %
O, R OBEREME A LT 2 e LT,
BTA, NMP22 ®137*, fluorescence in situ hybridization
(FISH) O\ EE (980%) & HFFEEE (90~100%)
LIE SN TV LY BHOATHESRH L.
D, ARG L7025 — RS HEEE, ek
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OWEF v MELIELTY, WEICET 2RI
6 IR &<, 1TRY7- 0 B A L5000 LT &
M7 9 Z (data not shown) E\WVEZMIRIFELHT 5.
FEPEETH Y, FHEEREDLEL LW,
KEAZ ) ==Y TIZHHCLZEPURREERZ LN
5.

=h
=] oa

TeloTAGGG 71 X 7 —+¥ PCR ELISA ¥ v h %X
R UM EEE, BRI L CRAE, FEE
BN T EH R E BRI RS T AT -
WEREER EZE R bz fEkOT T AT — BTkl
SEFRB L UIRH NMP22 525 & i L C & BB ILHE 2 I
BN FE o7z, FEPMHETH ) RKEA 7 ) —=>
TIZHCRHESREE LTHEHTH L L b
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