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Abstract . Histopathological examination, flowcytometry (FCM) study and proliferat-
ing cell nuclear antigen (PCNA) analysis were serially performed during the induction of
carcinogenesis by N-butyl-N-(4-hydroxybutyDnitrosamine (BBN) in the rat bladder,
which is known to be an experimental model of human non-invasive papillary bladder
cancer. Histological malignancy of the induced tumors was compared with the degree of
cell proliferation by these three methods. FCM analysis revealed substantial differences of
DNA change in bladder epithelial cells between the 4-week and 8-week treatment groups.
These findings' coincided with the changes observed in the histopathological examination
concurrently performed. In the analysis of ploidies, tetraploid did not appear in the bladder
of rats treated with BBN for 4 weeks. In PCNA analysis of epithelial cells in BBN-induced
rat bladder carcinoma, PCNA-positive cells in the carcinoma increased with the severity of
histopathological change. In addition, the PCNA index tended to be higher in the bladder
of rats treated with BBN, which appeared to be histopathologically normal. These findings
suggest that the PCNA index serves as one useful parameter to predict the progression and
proliferation of bladder carcinoma.
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JECHAEL, SH 3RERTF %fé%’b% CIEE LRI
#3525, PNH bi%fﬁ?%ﬁ?i U C & R 1o 9L
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% BEREREIE = Bz > DNA ploidy JIE & 1T\, & 7o /gl
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B AR GCH) HMESCEAKI6—8BIS
BLU 2. B & 7o Licilciy, RERSS
B L £ RD LA, BHIECHEEGROBRALE
B bl (Fig. 3).
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Fig. 2. Normal epithelium of the rat uriary blad-
der (H-E, X100).

Fig. 3. Simple hyperplasia of the rat urinary blad-
der (H-E, X100).
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Fig. 4. Papillonodulary hyperplasia of the rat
urinary bladder (H-E, X100).
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BFREEHBL, zodOoiichThriciEaffiztt > S/
mERHZBND. FLTHCEHRCEETEZTRTIOL
Hbh b Fig. .
carcinoma

moE Gl EERoRMcZLL, BfTEEELT
DEB A S 2R3 (Fig. 5).

Fig. 5. Transitional cell carcinoma grade 1 of the
rat urinary bladder (H-E, X40).

Fig. 6. Transitional cell carcinoma grade 2 of the
rat urinary bladder (H-E, X 40).

Fig. 7. Squamous metaplasia of the rat urinary
bladder (H-E, X40).
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PR G2:G1, G3 o (Fig. 6).
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Wit LB EBIC ) F A — (P =4 AR, KE)E
8%, 0.25 % trypsin+0.05 % EDTA &% PBS #&EA
L7z, 37°C T 30 4fd incubation L 7-%%, BEMt % milking
L, RAREZENR, HpEfRrERLi. X& REEY
BARD bR IBE B ZTRL, ~¥ 3 T HicH

small tumor

cystectomy

connect with reservoir

infuse 0.25%trypsin, 0.05%EDTA in PBS

incubate(37°C, 30 min.)

TL, 0.25% trypsin+0.05% EDTA &7 PBS %
%, 37°C- 30 4f& incubation U, BB %ERER L 7o,
FEEL L 7o MfR L PBS THEEE, 70 %= % 2 —AREHRM
L—20CTRE L.

b) DNA ploidy D #IE

70 %= % 7 — A BEHML—20C CTHRAE L i BEmia
% PBS T¥%# RNase(500 xg/ml) (Sigma Chemical
Co., USA)TALE L propidium iodide(PI) (50 pg/ml)
(Sigma) T 4°C, 20 HHEFTC THt L FACScan Tf#
WafTote. 7 v FRIEM Y v BREXRE L LTFCM
HWEDE, 20 G0/GLlDE =27 %50 5+ V3 VIEA
b, Thilftic 2ty — 27 #@H b D% aneu-
ploid & L7z. 72# DNA index (&

large tumor

mince tumor with scissors

:

add 0.25%trypsin, 0.05%EDTA in PBS

l

incubate(37°C, 15 min.)

collect content after squeezing the bladder l

centrifuge (1 500 r.p.m.,10min.) and remove upper layer

wash 2times with PBS

fix cells in cold(-20°C) 70% ethanol

wash 3times with PBS

add RNase(500 u g/ml) and incubate(37°C, 1h)

wash 3times with PBS

stain with PI(50 wg/ml)

Flowcytometry

Fig. 8. Technique of single cell suspension of the rat urinary bladder

epithelium.
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B 6 BB F 344 5 v b 14 WA ie. 8B
JiEE, FRHISEER 1 ¥, BBN 348D Tween 80 &
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WX, SEERBIGE BBN % 458, 88, 1238, 1638
BLO20BERETHHEELERL, DA TR
HRTEEDICERTHHEES JL&, BBN B 5 1R
HTHERBIA, D 208 % CHETARL 12 sy
fo. BIE=— 7 ARRE T ICREE L2, EHICEENY
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o DR B B RREILIIC 4T 7 4 v EEERT,
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Fig. 9. Experimental design.
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Table 1. Light microscopic findings of the urinary bladder in rats treated with BBN
Period(wks) =~ Effective No. of Carcinoma
Group Subgroup ——— —  No. of SH PNH rat with
BBN—Control rat carcinoma CIS Gl G2 G3 Sq Inv.
1 1 0 4 3 0 0 0 0 0 0 0 0 0
2 0 20 3 0 0 0 0 0 0 0 0 0
3 0 28 3 0 0 0 0 0 0 0 0 0
2 1 4 0 3 0 0 0 0 0 0 0 0 0
2 4 16 3 3 3 2 0 2 0 0 0 0
3 4 24 3 3 2 0 0 0 0 0 0 0
3 1 8 0 3 2 2 0 0 0 0 0 0 0
2 8 4 3 3 1 0 0 0 0 0 0 0
3 8 8 3 3 3 1 0 0 1 0 0 1
4 8 12 3 3 3 3 0 2 1 0 0 0
5 8 20 3 3 3 3 0 0 3 0 1 1
4 1 12 0 3 3 3 3 0 1 2 0 0 0
2 12 4 3 3 3 3 0 2 1 0 0 0
3 12 8 3 3 3 3 0 0 3 0 2 1
4 12 16 3 3 3 3 0 1 2 0 2 2
5 1 16 0 3 3 3 3 0 3 0 0 1 0
2 16 4 3 3 3 3 0 2 1 0 1 0
3 16 12 3 3 3 3 0 0 1 2 2 2
6 1 20 0 3 3 3 3 0 0 3 0 1 2
2 20 4 3 3 3 3 0 0 3 0 0 1
3 20 8 3 3 3 3 0 2 1 0 3 1

wks . weeks

CIS : Caricinoma in situ
Inv : Invasive transitionl cell caricinoma
SH : Simple hyperplasia

BBN : N-butyl-N-(4-hydroxybutyl)nitrosamine
Sq : Squamous metaplasia

PNH : Papillonodulary hyperplasia
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A FFo X —EREEL .
ZREK TSR, tris-buffered saline(TBS : 0.05 M
Tris/HCl, 0.15M NACI, pH7.6)T5 4 H4MEL,

DAKO EPOS Anti-PCNA/HRP %% (1 534 50 ‘

pDIRFCETL, 60 0HEECTREE R L. 545H
TBS TH¥tk, FHEIEE I diaminobenzidine(DAB) %
FAus, 10 4 fE @ incubation £, +4 k& L~1 ¥ —D
~< b EF) VORREERE L.

SRR G O

S FEMEE 400 £5 T ¢, PCNA R 23R 35 R %
BIRL, RicsB0Ec, EEMRE 1000 @281,
SRR 5 EEMBOEE X b PCNA  index
U xBEH L. nk, BEERTEIE Wilcoxon test
O TARE F 7o xRER e

S

hir=1

e

1) 3 v + BBN, EHBN BEMFE T 5 R EHE %
SRR
 BBN#EETOSH ORA T4 BERERET66.7%
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OEF 6T, 8B TIX93.3 %5 me 14 L)
w, 123812 P, 165809 1w, 205809 I o & 55T
BEBICRD B hic. Fic PN ORES 4 BHERETIE
55.6 % (9 PErR 5 BT, 8 BHG-FE T 80.0 %15 pur
12 )iz, 123832 1), 16 B9 M), 20 A W o5
HTREflcRdbhl. BOFETLIBREHET
22.2 %9 VErh 2 i)z, 8EHFE-FET46.7 %15 LR 7
Ve, 128125, 1689/ %k X 0820 B ) 04
BERCEHICED bhic. BBN 4 B 5RcRERT
BEDICER L 1-F T SH, PNH % X OYEDOHA 1R
Dbhiehoteh, EBEMHEP20BHU OB T
SH, PNH 5 X OYEDORAENL b 8 BREFETH L
BEPHN12BE CORTIEDORELYR b -
e, 12 BREFHCHBEERTREDCBRLALBETY
FEDOFEEDFR® bhic(Table 1.

—7, EHBN #5-#Ci%, SH OFEH 4 BREET
13 44.4 % Qi 4 V51, 8 BHEEFETIZ93.3% (5T
B 14 U, 125832 1), 16 B L), 20 8O o4&
BEFHTILACRD BN, F7 PNH OF4ED 4:8H
LTI 44.4 %O A 4 D) iz 8 B EFETIX80.0 %

Table 2. Light microscopic findings of the urinary bladder in rats treated with EHBN

Period (wks) Effective No. of Carcinoma
Group Subgroup ———  —  No. of SH PNH rat with
EHBN—Control rat carcinoma CIS Gl G2 G3 Sq Inv.
1 1 0 4 3 0 0 0 0 0 0 0 0 0
2 0 20 3 0 0 0 0 0 0 0 0 0
3 0 28 3 0 0 0 0 0 0 0 0 0
2 1 4 0 3 0 0 0 0 0 0 0 0 0
2 4 16 3 2 1 0 0 0 0 0 0 0
3 4 24 3 2 3 1 0 1 0 0 0 0
3 1 8 0 3 2 0 0 0 0 0 0 0 0
2 8 4 3 3 3 2 0 2 0 0 0 0
3 8 8 3 3 3 3 0 2 1 0 0 0
4 8 12 3 3 3 3 0 2 1 0 1 1
5 8 20 3 3 3 3 0 2 0 1 0 3
4 1 12 0 3 3 3 3 0 2 1 0 0 0
2 12 4 3 3 3 3 0 1 2 0 1 0
3 12 8 3 3 3 3 0 1 2 0 1 2
4 12 16 3 3 3 3 0 1 2 0 0 1
5 1 16 0 3 3 3 3 0 3 0 0 0 0
2 16 4 3 3 3 3 0 1 2 0 0 1
3 16 12 3 3 3 3 0 2 1 0 0 2
6 1 20 0 3 3 3 3 0 1 2 0 1 0
2 20 4 3 3 3 3 0 1 2 0 1 2
3 20 8 3 3 3 3 0 0 2 1 3 2

wks . weeks
CIS : Caricinoma in situ
Inv ! Invasive transitionl cell caricinoma
SH : Simple hyperplasia

EHBN : N-ethyl-N-(4-hydroxybutylnitrosamine
Sq : Squamous metaplasia

PNH : Papillonodulary hyperplasia
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Table 3. DNA index and ploidy of the urinary bladder in rats treated with

BBN
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Table 4. DNA index and ploidy of the urinary bladder in rats treated with

EHBN
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(15 urp 12 PU)iz, 12 812 1), 16 38 (9 W), 20 :8 (9 P8
DEBREFETILACHED b, BORET 4 BERS
BEC11.1 9% e 1 V)i, 8 BHREEET 73.3 % (15U
11 P, 12 812 ), 16 389 VU 3 X 0t 20 38 (9 )
DEFEH TILICRED Hhl. EHBN 4 B8R ST
12 BBN #58 & [, BEKTHELICBRLART
3. SH, PNH % X OVEORAIZHZD bhish -k, &
BIZHRI 2 20 5BLL E 0B CI1x SH, PNH % X OYEDO R
£z bhte. EHBN 8 B#&#5#H T BBN 55 L
BOMERE A B iz (Table 2).

7¢% BBN, EHBN &5 Ht & b ice iz @ U T
CIS HZE I hinh - T,

2) BBN % X O*EHBN 7 v b+ EEMFE o FCM 1T
X 2R E 2> DNA ploidy %4t

BBN #5-%%177=7 » + BN ERE O DNA ploidy I©
DWNWTh B & 4BHEERIZ aneuploid IXHE L s »
7oy, 8 BHEEFETIL 40.0 % (15 Purk 6 P8, 12 B#H 55
TI291.7 %12 Purkr 11 PB), 16 B#F 551 88.8 % (9
PErf 8 P5), 20 B EHETIR 77.8 % (9 Purh 7 W) D HE
< aneuploid pattern 23 & B e, £# D DNA index
DFHfEX, BBN SER5BE01 1.0410.03, 4 BEEH
1.07%0.07, 8 EHEEFE1.07£0.07, 12 BHEKEFHENR
1.2340.12, 16 :B# 5501 1.18+0.05, 20 B ERF T
1.21£0.08 TH - 7=(Table 3).

EHBN #5 %% 1377 v b EM_EKE D DNA ploidy
i, 4BERERHT2.2%0OEF2E), SBEESEET
46.7 % (15 pErR 7 w), 128125, 16 & L), 208
Q) D % # 5 8 T3 % A Z h 66.7 %I aneuploid
pattern 3% bz, F 7 £ FED DNA inedx OFHEIX

(545)

EHBN #5543 1.04+0.04, 4 BHEE1.07+20.07,
8 BHLEFE1.10+0.11, 12 B#H 55 1.1240.05, 16 :8#
EBHN1.12+0.08 T, 20 BHREFH T2 1.1520.08 TH
- 7z(Table 4). 753 BBN #5-%, EHBN #5458 & %
IZ tetraploid (3% w 7o { b inds- 7.
S )

1) ¥ v + o BBN #5012 X % BEBLREAKFDN
BR

BERE DR AR S E DHITE XK 1 TOEBEIKET T
v, F0#ER% Table 51278 L. BBN 4 B& LR T
BEMRTEROBRBH CRERHBEA 12.5 %@ L 1
VG), SH A387.5 %8 Pirh 7 i) ek bz sy, PNH i
HBEXhich o, BBN 4 BiE5 20 BEZF CIWIE
TR 23 25.0 % (12 PG 3 PU), SH A350.0 % (12 Pirh
67E), PNH #816.7 %12 PErf 2 [2) O HHE TH b i,
BBN 8 B Eo#5# it SH, PNH 2%& b e £ B
rREAbR. FREOREL BBN REBE S ICE
BULEHTLHBRERTEALAT, SBREFH TG
D& 42.9 %7 Pk 3P e A b, 12 BHRERHTH G1
D& 50.0 %@ 4 Pz b, 16 BEEHETIIG
75.0 %8 W 6 PB), G2 25.0 % (8 Ptrh 2 Pu) iz, 20 3@
BEFETREMICRED bhi. BBN #5#KEKT
ELBEL-HOBORE, 4 BRE 20 BERECIX
G1 D% 8.3%Q2 WA 1)z, 8 BHES 20 BERE
TIEG1 25.0 %2 3pm), G2 25.09% (12 A 3
P IZ, 12 38B#H 5 20 BEAFTIZG1 41.7% (2L F5
Pe), G2 41.7 %2 pudr 58, 16 B#HE- 20 BREHH
TGl 25.0 %2 3pm), G2 50.0 %12 PEF6
IDizsbhie. 2% ® L T CIS REEI T,

Table 5. Light microscopic findings and PCNA index of the urinary bladder in rats treated with BBN

Effective

Sub- Period(wks) No. of Carcinoma -
group —_— o.of Nor SH PNH ratwith —————— — PCNA ihdex
group  BBN  Control rat carcinoma Gl G2 G3 Sq inv

group 1 0 20 12 12 0 0 0 0 0 0 0 O 0.21
group 2 1 4 0 8 1 7 0 0 0 0 0 0 0 1.79
) 2 4 16 12 3 6 2 1 1 0 0 0 o0 1.43
group 3 1 8 0 7 0 0 4 3 3 0 0 0 0 0.74
2 8 12 12 0 0 6 6 33 0 0 0 3.45

group 4 1 12 0 8 0 0 4 4 4 0 0 1 0 5.05
2 12 8 12 0 0 2 10 5 5 0 2 0 8.76

group 5 1 16 0 8 0 0 0 8 6 2 0 0 0 3.73
2 16 4 12 0 0 3 9 3 6 0 3 2 5.24
group 6 20 0 22 - 0 0 1 21 19 2 0 3 1 11.07

wks : weeks Nor : normal

Sq : Squamous metaplasia inv . Invasive

SH : Simple hyperplasia
BBN ! N-butyl-N-(4-hudroxybutyDnitrosamine

PNH : papillodulary hyperplasia
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B EHE 132 BBN 16 B85 20 BREH# % X 0' BBN 20
BHREFHICOZRD bR,

2) 5 v + BBN BRI HT 5 BN KD PCNA
DFEH
BBN #E# & o x5t B#E © o PCNA  index 130.21 %,
BBN #58 THREDICER L -HCL4EARERE T

5 B
1.79%, 8:EBLEEET0.74%, 12 BRERETS5.05%,
16 BHERT3.73%, 20 BRRERTIRI.07%TH
071':.

BBN #5%KEKEEIC X 5 BE2H TR 4 BRS 20
BEBRFET1.43%, SBEHRE 20 BEEFETIX3.45%,
12 B85 20 BEBFTIL8.76 %, 16BHE 20 BES

p=0.054
N=27 N=8
PCNAindex p=0.029 8.03+6.67 16.0614.66
N=26 N=35
20 - 5.52+5.16 9.86+9.89
p=0.013
N=23
2.19+£1.34
p=0.03
10 N=13 .
1.25%+1.23
p=0.022
N=15
0.49+0.69
normal .SH PNH  G1 G2 Sa(-)  Sq(+)
I
G2
Fig. 10. Correlation between histopathological findings and PCNA

index.

PCNA index
5 —

p<0.0001

N=8
1.79+1.27

group  group group  group
1 2-1 2-1 2-2
L L
normal SH

group  group  group _ group _ group _ group _ group
2-2 3-1 3-2 4-1 4-2 5-2 6
| ]
PNH

Fig. 11. Correlation between histopathological findings and PCNA
index according to BBN treatment periods.
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BETIR5.24 %Th - 7= (Table 5). FHEEBZHZE &
PCNA index & OBRCTIIREMABENELINEE T
72 BIHE - C PCNA index 2@ < Ie B AN b i
(Fig. 10). #¥7= TCC-G 2 OEECTRFELEALEMN B 5
LECBETIE, RVPERED D BEEDIE S 23 PCNA
index BEVWMER DGR b (p=0.054) (Fig. 10). & »
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0.0001) (Fig. 11).
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