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SYNCHRONIZATION THEORY, FOR HUMAN BLADDER
CANCER XENOGRAFTS IN ATHYMIC NUDE MICE

Tamio YamaucHi, Kenichirou Okapa and Osamu YOSHIDA
From the Department of Urology, School of Medicine, Kyoto University
(Chairman: Prof. O. Yoshida)

We examined the chemotherapies with cis-diamminedichloroplatinum (II) (CDDP) alone and
in combination, using the human bladder cancer xenografts (BT-8 and BT-11 strains) in athymic
nude mice (BALB/C), to establish the most effective and useful method for urothelial cancer in clini-
cal use. First, to assess the anti-tumor activities of single-drug and our devised VPM or CisCF com-
bination chemotherapies, experiments were done using the BT-8 strain bladder cancer (transitional
cell carcinoma and grade III). The schedule and dosage of each chemotherapy were as follows.

Vincristine (VCR): 0.06 mg/kg, days 1-6, peplomycin (PEP): 0.9 mg/kg, days 1-6, methotrex-
ate (MTX): 0.6 mg/kg, days 1-6, cytosine arabinoside (Ara-C): 3 mg/kg, days 1-6, 5-fluorouracil
(5-FU): 30 mg/kg, days 1-6, adriamycin (ADM): 3 mg/kg, days 1-6, cyclophosphamide (CPM) :
10 mg/kg, days 1-10, and CDDP: 2.5 mg/kg, days 1-6. These were for single-drug chemotherapies.
The VPM combination consisted of VCR (0.06 mg/kg, days 1 and 4), PEP (0.3 mg/kg, days 1-6) and
MTX (0.3 mg/kg, days 2, 3, 5 and 6), and the CisCF combination consisted of CDDP (2.5 mg/kg,
days 1 and 4), Ara-C (3 mg/kg, days 1 and 4) and 5-FU (15 mg/kg, days 2, 3, 5 and 6).

The control group was given normal saline of 0.1 m}/20 g body weight, intraperitoneally. All
anti-cancer drugs were also given intraperitoneally.

Secondly, to assess the anti-tumor activities of CDDP alone and various modes of combination
chemotherapies with or without CDDP, the following experiments were done using the BT-11 strain
bladder cancer (a mixed type of transitional cell carcinoma and squamous cell carcinoma). CDDP:
2.5 mg/kg, days 1-6. VPMx2: VCR (0.04 mg/kg, days 1, 4, 8 and 11), PEP (0.2 mg/kg, days 1-4)
and MTX (0.2 mg/kg, days 2, 3, 5, 6, 9, 10, 12 and 18). CisCF x2: CDDP (2.5 mg/kg, days 1 and

* B RSB ERBE IR AR
GBR : WAER




1782

WRIBE 325 1285 19864

8), Ara-C (3 mg/kg, days 1, 6, 8 and 13) and 5-FU (30 mg/kg, days 3, 4, 5, 10, 11 and 12).

 VPM-CisCF (I): VCR (0.04 mg/kg, days 1 and 4), PEP (0.2 mg/kg, days 1-7), MTX (0.2 mg/
kg, days 2, 3, 5 and 6), CDDP (2.5 mg/kg, day 8), Ara-C (3 mg/kg, days 8 and 13), and 5-FU
(80 mg/kg, days 10—12)'. VPM-CisCF (II): VCR (0.06 mg/kg, days 1 and 3), PEP (0.3 mg/kg, days
1-4), MTX (0.3 mg/kg, days 2 and 3), CDDP (3.75 mg/kg, day 4), Ara-C (3 mg/kg, days 4 and 7)
and 5-FU (30 mg/kg, days 5 and 6).

Cis-A-F (by Williams et al) and Cis-CPM-A (by Yagoda) chemotherapies were selected for the
comparison with our devised regimens (VPM-CisCF). Cis-A-F: CDDP (1.25 mg/kg, days 1-5),
ADM (3 mg/kg, day 1) and‘5-FU (30 mg/kg, day 1). Cis-CPM-A: CDDP (5 mg/kg, day 1), CPM
(15 mg/kg, day 2) and ADM (3 mg/kg, day 3).

Thirdly, the synchronized effects, especially the accumulation in the G,M phase, were assessed
in our devised regimens, by means of flow cytometric method using a flow cytometer (Bio/phisics
4800A).

VCR, PEP and MTX were not effective against tumor growth and acted only as short-term in-
hibitors during the 6-day period they were administered. Neither Ara-C or 5-FU were effective.
CDDP, ADM and CPM proved to be effective, and their effects continued long after the cessation
of administration.

VPM combination was effective, but the effect did not continue so long as those of CDDP,
ADM or CPM. VCR, PEP and MTX were not effective when given alone, even though the total
dose of each agent was three times of that used in the VPM combination. The activity of each
agent in the VPM combination proved to be enhanced by the combined use.

CisCF combination was just as effective as the CDDP single-drug chemotherapy. Each agent
in the CisCF combination was also found to be enhanced by the combined use, even though the
dose of CDDP, Ara-C or 5-FU in the CisCF combination was one third of that used in single-drug
chemotherapy.

First, we had assessed whether the VPM-CisCF chemotherapies were more effective than VPM or
CisCF combination alone, or not. VPM x 2, was moderately effective and CisCF X2 was more effec-
tive, but VPM-CisCF chemotherapies were more effective than them. In conclusion, the combined
use of VPM and CisCF combination was reasonable.

Next, the combination chemotherapies of VPM-CisCF (I) or (II), Cis-A-F and Cis-CPM-A,
and CDDP single-drug chemotherapy against tumor growth were compared. CDDP single-drug
chemotherapy was the most effective and the others were similarly effective. However, from the
standpoint of usefulness which was determined by anti-tumor activity and toxicity which was seen
in the body weight loss affected by chemotherapy, VPM-CisCF (II) was the most useful.

In the VPM-CisCF (I) or (II) chemotherapy based on the synchronization theory by the af-
fection of VCR andfor PEP, the cell accumulation in the G,M phasc was seen and it was more
strongly accumulated in regimen (II).

We concluded that the anti-tumor activity of the VPM-CisCF combination included a synchro-
nization effect except for the additive or synergistic effect. We believe that the VPM-CisCF chemo-

therapies, especially regimen (II), would be useful clinically against urothelial cancer.

Key words: Nude mice, Bladder cancer, Multi-drug combination chemotherapy, Cis-Diamminedi-

chloroplatinum (II), Synchronization, Non-cross-resistance
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EE, BMWEOBRRCE T, BEBEETHETH
BXbbAHA, BEOLVGCBEEOEEC S £¥NE
B O—BRE LT, (LERENRFHE & DTeb
B X Bt ofcto.

L, RERBHIE LTHBIRERDEORD LR
TWBHEFIL doxorubicii hydrochloride (adria-
mycin : ADM)" cyclophosphamide (CPM)'?,
5.fluorouracil (5-FU)*, methotrexate (MTX)!,
1 45} 7° vinblastine (VBL)® 7l THBN, *
DERHERL20~40% ThH 517.

¥7:, Rosenberg & @ cis-diamminedichloro-
platinum (II) (CDDP) D#ifEHR RO R® L
¥, fExDBRBRCARLN, & CEBERCT
SHICEFEERLTWSY  ERECH LT, Ya-
goda® MZOEFUEHEEL, FOBREFRCLIDE
A xh, CDDP iEMEc & EL BRI TS
BERDHLRTWABY. L, TOBEHRII0%E
ETHy, TRHBRITNE IO TILRL.

SHIPFRFECBI LRI & v fE« DFEH oM
HhEPBRE IR TV HEN0, 204z CDDP
BRI THFIh @ ETRARW? ke
BHRD HERNEV S DO TH, BlfEADDL HIILSE
LEMBIEL, BHTTRLB D TER.

SHIG AR TIR D hic» T, KEIDOEE,
BE5E BEHEY LB L, L VEIFREOD
W, I EREHRIELRIEALERELDH L
DRETH B, ZDECBIL T, #ek X bR

i

WIFZEd % v, vincristine (VCR) & MTX off
F%, bleomycin (BLM) & MTX o ff 3,
CDDP & cytosine arahinoside (Ara-C)® ¥ X
U CDDP & 5-FU*® offHT, My LR
ENRDB EINTWD. Fio, KD I FRMaL)
BB BHEE LT, Barranco 53 o BLM iz X
% FFEER O Bhuyan 5% AR LA Ara-C &
5-FU Xk 2EMEEN BB, FRRKICIE, Livi-
ngston 530 VCR & BLM, %¥7: Costanzi 51
o BLM ¢ MTX o ftfEE D, EFREEDORE
FEIRIN T 5.

bhbhui, TEELRIEIFEREZDRL, HiE
BHBRZEER I BT B DI, BB~ AR
REBRE R LT, ARAERCD &OXEEHDE
ShERLUICEROMA b® L LT, VCR, peplo-
mycin® (PEP), MTX, CDDP, Ara-C, 5-FU ®
6 Flx A\ cRFALKIFRIFRELER L.

DRI DOWT, 2 — F= v Af{BHEe b
Bt % AV CHUEBZIR, BEIfEA R KO EHAtk o
XEBRREA XTIV, BANSRABCE - THER
LDTHD LI BREBIOTHRETS.

EBME L LUFE®

2 — K= A (BALB/c) 13, FHEAKFEFITUER
BREKEERTYER TD SPF TEHEMAED 8 ~
10 OMEA R Lic.

% —F= v A8 EME BT-8 & (9%
B RN, SRR L, 197845 BOABHE LR
17 LB EMEE M DA #IL), BT-11 #k (19804 9 A,

Fig. 1. Histopathologic view of the BT-8 (left) or BT-11
(right) strain bladder cancer (H.E. stain, x100).
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OB D FERE L LR LB E L, BITER
B X OREERBOREE) oL 2k EHLL
(Fig. 1).

BT-8 i, 10~12{ikft%, BT-11 $Rix 5 ~ 6 AL
B{HEA L7z, BT-8 #kCik, XTIAFFI0NE, £AABRFE3
EA#ERAL, BT-11 HTIaaBREI0E, ZRARMES
PeR{ER L.

PuEFi: CDDP (AARMLESKRSHE X vits),
cyclophosphamide (CPM), adriamycin (ADM),
vincristine (VCR), peplomycin (PEP) (BA{LIE
¥Xed X hts), methotrexate (MTX), cyto-
sine arabinoside (Ara-C), 5-FU #{#H L.

£HHB LOEPREOR S Hik « ERE L Ta-
ble la, b \2 ¥ LD KiTE -k, FRFERE S
#20g bich 0.lml OBREREL B LI, 4£E
WTHFR L. Tk, &0FARCKVTH 1 BRSE
NEAIEFEFIE LT 20g H7ch 0lml &b X5
w, SEFIREORME Tt HBHICIHAE
g Hicb 0.1ml DAEREREL, 2 THEBHRS
&L

£EHE L OAREOSHRIERLU T O#LA
Wlfrin ot

DIEEHEEES X OUEHEMEIER (% T/C inhibi-
tion)

HABHEEBEBYMYOS 2, FIFH—rfRT<Y

Table la.

WRRE 32%

125 19864

2B Fic i 200 mm?® BE, &~ v ACBE L.
BHEESHIEMEL, # 200~250 mm® T feotfc &
o A TSR L BRI RIE L. A5 7/6 (&
#—04) (EE—04) (HE—0.2), ¥ff:mm, TR
Wi,

0 X 5ic LTE bR ETEAR LOEGREOR
FIRTE G & X BBEO BRI & D HBRT X W R
frE Ute. RN E 7 7 7 B fER LT,

BREIHE (%T/C inhibition) 1%, SR 14H
Lhil E@Eﬁf’aﬁf@?‘fﬂﬁﬁmﬁ”féa%ﬁ@jﬁﬁﬁg@
Hize, (1=T/C)x 100(%), T : RBHO MEX
(PHfE+ERRE), C : NBHOMER (FHE)
TRDBOLRB. ok, 0%LEERS > THBHETS.

NEERA S X U HPEFRH (therapeutic index :
T.1.)

B RHEOENR T, BEAHK (T.1) 25HH
Lic. WBEGEROE L, T.L=%T/C inhibition+
%T/C body weight loss X bRk, % T/C body
weight loss X %7T/C inhibition &RI#&DHETH
BR:, KBREHORBHGERABIE (body weight
loss in ratio; %) HEHE LK.

3B RHE

TE, XELVOMBFNSRHEEEC LD, £
BREEOELYHIE L. #REHBGRERNCEE
L, HE #6052 XFC THE L. grade

Schedules for single-drug chemotherapies (vincristine (VCR), peplomycin(PEP),

methotrexate (MTX), cytosine arabinoside (Ara-C), 5-fluorouracil (5-FU), cis-
diamminedichloroplatinum (II) (CDDP), adriamycin (ADM) and cyclophospha-
mide (GPM)), and for combination chemotherapy with VPM-combination which
consists of VCR, PEP and MTX, or Cis CF-combination which consists of CDDP,
Ara-C and 5-FU, against the human bladder cancer xenograft (BT-8 strain) in

athymic nude mice.

Single-drug chemotherapy

Vineristine(VCR):
Peplomyecin(PEP):
Methotrexate(MTX):

Cytosine Arabinoside:
(Ara-C)
S5-Fluorcuracil(5-FU):

Adriamyein(ADM):

Cyclophosphamide(CPM) :

CDDP:

VPM-combination
VCR:

0.06 mg/kg, days 1-6.
0.9 mg/kg, days 1-6.
0.6 mg/kg, days 1-6.
3 mg/kg, days 1-6.

30 mg/kg, days 1-6.

3 mg/kg, days 1-6.

10 mg/kg, days 1-10.

2.5 mg/kg, days 1-6.

0.06 mg/kg, days 1 and 4.

PEP: 0.3 mg/kg, days 1-6.

MTX:

CigCF-combination

0.3 wmg/kg, days 2, 3, 5 and 6.

CDDP: 2.5 mg/kg, days 1 and 4.

Ara-C:3
5=FU:15

mg/kg, days 1 and 4.
mg/kg, days 2, 3, 5 and 6.
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Schedules for CDDP single-drug chemotherapy and combination chemotherapies

of VPM-combination for 2 weeks, CisCF-combination for 2 weeks, VPM-CisCF
(I) or (II) which consists of VPM-combination and CisCF-combination, Cis-A-F

which consists of CDDP, ADM and

5-FU, and Cis-CPM-A which consists of

CDDP, CPM and ADM, against the human bladder cancer xenograft (BT-11 strain)

in athymic nude mice.

CDDP : 2.5 mg/kg, days 1-6.

VPM x 2 (VPM-combination for 2 weeks)
VCR: 0,04 mg/kg, days 1, 4, 8 and 11.
PEP: 0.2 mg/kg, days 1-14.
MTX: 0.2 mg/kg, days 2, 3, 5, 6, 9, 10, 12 and 13.

CisCF x 2 (CisCF-~combination for 2 weeks)

CDDP: 2.5 mg/kg, days 1 and 8.
Ara-C: 3 mg/kg, days 1, 6, 8 and 13,
5-FU: 30 mg/kg, days 3, 4, 5, 10, 11 and 12.

VPM-CisCF(I)

VCR: 0.04 mg/kg, days 1 and 4.

PEP: 0.2 mg/kg, days 1-T.

MTX: 0.2 mg/xg, days 2, 3, 5 and 6.

CDDP: 2.5 mg/kg, day 8.

Ara-C:3 mg/kg, days 8 and 13.

5-FU: 30 mg/kg, days 10-12.
VPM—CisCFgIIz

VCR: 0.06 mg/kg, days 1 and 3.

PEP: 0.3 mg/kg, days 1-4.

MTX: 0.3 mg/kg, days 2 and 3.

CDDP: 3.75 mg/kg, day 4.

Are-C:3 mg/kg, days 4 and 7.

5«FU:30 mg/kg, days S and 6.,
Cig=A=F

CDDP: 1.25 mg/kg, days 1=-5.

ADM: 3 mg/kg, day 1.

S=FU: 30 mg/kg, day 1.
Cis~CPM=A

CDDP: 5 mg/kg, day 1.

CPM: 15 mg/kg, day 2,

ADM: % mg/kg, day 3.

IIb LA E%%ED Y L¥E Lic (Table 2.,

4)Flow cytometry (FCM)#~® & X % @E#ARE
B LORMIRZIR OB

Flow cytometer (%X Bio/phisics #t#l (New
York, USA) 4800 A %X ' Model 2102-multi-
channel distribution analyzer #{Ff L. b h
7 DNA-content distribution H3%, Baisch &5
DEER, Model I R LT Go~ i, SH, GM
HoMlaEcs XOERLEH Lie. ok, Mg
i3 AL kR L (Fig. 2).

WERE LTERR G E, B5A4AE,
8HH, 4HERCENRFIEELERRL, FCM JiE

271
£ 7
1)IESHE s X OBREIHE (% T/C inhibi-

tion)

BT-8 BREEBEMIC 31 % Bl LU BHRABR SO
H% Fig. 3a, b IR L.

BT-8 KREEDGE I B 1 B~ 10 HE R I1X Y 250
mm?® [ZEHGE L5 38 © doubling time TEHHIA
fidi, ¥ s 7 LT R IEERNEE R R L
fe.

VCR, PEP, MTX ¥, #45#E+ 1% X (R
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Table 2, Histopathologic criteria of Shimosato and Ohboshi.

Grade I

Characteristic changes are noted in tumor cells but

tumor structures have not been destroyed (there is no

defect in tumor nests resulted from lysis of individual

tumor cells).

Grade II

In addition to characteristic cellular changes, tumor

structures have been destroyed as a result of dis-

appearance of tumor cells.

However, variable number of "

viable cells" still remain.

a: Destruction of tumor structures is of mild degree, i.e.,

"viable tumor cells"” are frequently observed.

b: Destruction of tumor structures is of severe degree,

that is, "viable tumor cells" are few in number.

Grade III: Markedly altered, presumably non-viable tumor cells are

present singly or in small clusters and "viable cells" are

hardly seen.

Grade IV

No tumor cells remain in anv of section (local cure).

a: Extensive areas of coagulation necrosis are present.

b: Granulation tissue with or without small foci of

necrosis including keratotic debris remains.

c: Only cicatrix is observed.

M, BERT LRARCBREEYRL, REKEED
TERD Y ABRE SR IR L. Ara-C 5 X05-FU
KBV, ZoRBREETIHREED T, EF
S-FU e\ TR HENHSRY > b2 o
(Fig. 3a).

VPM 3 #[Bi3, VCR, PEP, MTX ! FKIH
WEFEM RIS R AR L. CisCF 3 &I B,
BERTHL N L) OBENFE R L. Zhig,
CDDP BHOHRLABETHY, ADM LD
ZRER LI
CPM {2 masked compound D7 v % L {b i Hi
FThb, toffRE LCHEARER, BEMBCs
W, ISR & BB ERS O RE L S
5L ah, SADERTCIIPLEREEREREOGRELY
ABHHERT, 10 AL L. &R Fig. 3b ©
AT, BEKTHDS X HENHHREYRL, B
AT S X OB ARAE IR K DTRE ORI RL L
fo.

BT-11 BREZBEIR 3\ T, BAHEE 2 JATH4 T 250
mm?® & B L doubling time 1% 7 H CIHAIL]
[HFE—E O AR Lic. Zh®E\WwT VPM-Cis
CF (I) & X 08 (II) o RB & it ¥

3, VPM £ X0 CisCF 3HFEEL & x 2 BRE LK
B&E, VPM-CisCF (I) & X 08 (I1) B & o1
Zfiftote. ThTCHLMER-Z &1L, VPM 3
Kz, CisCF 3HBLETEHETS I b, VPM-
CisCF £HIBtAREOR I NIV PENTH S & W
52 &THS. ft¥, VPM-CisCF (1) & (II) &
FUWUL, 2 AR TRATOFOIEEEYRD
ot (Fig. 4).

¥, BT-11 BeBEDGE 2 35\~ C, CDDP MH#
5, Williams 5220 Cis-A-F PEEEEE, Yagoda?®
D Cis-CPM-A $fR#k L, VPM-CisCF (I) X
O (ID) DHAFREODRELHE L. = —AKRTE
KT, CDDP BB mmaam, &£0F
AR W Z0ERIR D b THEBE TH -
(Fig. 5).

[ERHEMRO R b £ 5%, % T/C inhibi-
tion T L1z b ©, Table 3a 3 X0 3b TH
5. 0% EOIMHIRER LIS DONEHETS L,
BT-8 #Esbtmic s\~ Cix, VCR, PEP, MTX 2%
7BETCRAERTH BN, - ARTHRTIXER T
7sinote. ADM, CisCF 3 KIBHI &A% B UTH
¥ CHh-7tz. CDDP, CPM 137 H A 2 — 2K T
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Extirpation of the tumor.
Mince the tumor tissue after cutting into fine piecies.

3
0.1% trypsinization in MEM, for 3 to S minutes, at 371C.
3

(Leave it still for | or 2 minutes after pipetting and/or stirring)

\ (Filtration of supernatant through 40 « nylon mesh
after inhibition of trypsine activity by 10% culf serum in MEM)

U (single cell suspension)

4
Wash with MEM and centrifuge 800 r.p.m. (71.5G) for Iminutes, twice.
4 (discard the supernatant)
Wash with 50% methanol in phosphate buffer saline (PBS) 300r.p.m. (10G)
2 , twice or thrice.
(discard the supernatant)
Centrifuge 800r.p.m. for 10minutes and discard the supernatant.

Resuspend the pallet in Img of PBS and add RN ase (0.2m2/107 cells).
2
Leave it still for 30minutes at 37°C.

Full tube with glass distilled water, centrifuge 800r.p.m. for 10min.
and discard the supernatant.

4
Stain with 10mg of cold Propidium lodide solution at 4°C for | hour.
3

Keep the sample at 4'C untill measurement of FCM.

Reagents.
1) MEM, Trypsine & culf serum (Flow LaboratoriesInc., Rockville,
Maryland, USA)

2) 404 nylon mesh (Kyoushin-Rikou K.K., Tokyo, Japan)

3) RN ase
Ribonucl (Sigma Chemical Co., Saint Louis, Missouri, USA),
Img/me in Sorenson's phosphate buffer (0.2M) approximately
pH 7.0-stock solutions.

Sorenson’s buffer : (NaH,PO, = -....o. 19.5m(of stock 27.8gms/liter)
NaHPO,+ TH,0 «ooveveee 30.5m8(of stock 53.8gms/liter)

H O e 50 md

100 =8

4) Propidium lodide (Sigma Chemical Co.)
0.05m9/m in 1.12% Sodium Citrate

Fig. 2. Materials and methods for flow cytometry (FCM).

RHCIXRIRETD, EFE « bl o a2 7D
fo. VPM 3EIBHI, M@BEclpmEl 2 @D o
P, 2 —RETRED24H B T2 R0 -
7= (Table 3a).

BT-11 BREEDGEC S Tk, RIEFRELTHT
HEE, =2—2%7 (2488) THEEL LM, VPM
3 FIFB T AREAEE UTE TRiah - .
KI5 T #%7 BH Tk, CDDP ¥ ¥|#, VPM-
CisCF SRR BWTHERT, = —-ARTRD24H
BCit, VPM3FBLRTLETHEYTH - (Ta-
ble 3b).

MEEFA I L VA HAH (therapeutic index:
T.L.)

HERY ORRE%Y Fig. 6 iR Uic. BEREEER

A%, body weight loss in ratio TR L, REEH
% 0% & L. %T/C body weight loss 1%, = v
- ABFEOETHDLE R, ThbOERND,
CDDP BEHBE ERLEL, %\ T VPM-CisCF(I)
DERBETH - feo.

VPM 3 #I5f 2 B L 3 & 08 VPM-CisCF (II)
PHRARLAGERD TLBR Y T, EIfFAIBEETH
-7t (Fig. 6).

Z DFEERS & %T/C inhibition 2575 HE R
# (T.L) THELTAD L, TORENDRYEHS
BEHRATTEET, VPM-CisCF (IT) 2R & LR
LRIFTH-T (Fig. 7). 7oL, BKHO24HA
R tin, ThRIORFREE R NTH FEOR
Bthot.
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_____ VCR {mean+S.D.) ; l‘- Cont(rglmzs‘o.)
o —L
Y/ A PEP
i e — ADM
—-m MTX
- —-—CPM
T AraC [ERRER! -
S R R sru wdiiiiiiaias —--= VPM combination
<o CisCF combination
day
J 8 i5 22 29 I 8 I's 22 29 day

Fig. 3a. Tumor growth curves of the BT-8 strain bladder cancer, treated with single-drug
chemotherapy of vincristine (VCR), peplomycin (PEP), methotrexate (MTX),
cytosine arabinoside (Ara-G) or 5-fluorouracil (5-FU).

Arrows indicate the administration schedules. Ten mice were used in control
group and three mice were used in each test group.

Fig. 3b. Tumor growth curves of the BT-& strain bladder cancer, treated with single-drug
chemotherapy of cis-diamminedichloroplatinum (II) (CDDP), adriamycin (ADM)
or cyclophosphamide (CPM), and with VPM-combination which consists of VCR,
PEP and MTX, or CisCF-combination which consists of CDDP, Ara-C and 5-FU.

3EBERRYIE X)
FLRACKIT B 8 H, 15H, 220 BoMBENE  Or
B¥EgER % Table 4 THE L. T IE Control
DEACERD 5, —BELOEFEd > TLOH I ]-vm ,
5F x

RREOHRLHE L.

FBERELT, %T/C inhibition & X { —F Li-.

4) FCM & X % VPM-CisCF $tEiE0 /%)
RE LUBMBHR OB

VPM-CisCF D FCM T X 5 GHiksR s
Table 5a, b IR L7-.

VPM-CisCF (I) im#\ T VPM 3 FBE 1 @R
L ky, 7THEX¥ T GM Hiciilam X AFAI R
TWBEEZ TN, BRIFFAIATESLY, LA
B LT, ZhiclbRT, VPM-CisCF (II) i
4 HEZ Tk GM MR R XD . ¥, B ]
BECD4HATIHV N B GM DL
Reinic.

8 HE Tk, VPM-CisCF (I) sk 0¢ (II) & %
©, BIEFRROBRTHY, VPM 3 KB ETEN
) OHEBHEND B LB 1. 148 BT,
MEL D S, GM R0 MK DOWA & T %= A5,

J—/
J CisCF x 2

- {vpm.csscr(l)
P y

7 e VP CISCF (1)
s—-“:‘.f

[ J Mean £ 8.0.
8l 1.5 2‘2 2‘9 dey
Fig. 4. Tumor growth curves of the BT-1l

strain bladder cancer, treated with Cis
CF-combination for 2 weeks (CisCF X
2), VPM-combination for 2 weeks (VPM
x2), VPM-CisCF (I) or VPM-CisCF
(IT) chemotherapy.

The effect of VPM-combination or
CisCF-combination alone is weaker than
those of the VPM-CisCF combinations.
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Table 5b i £HH OFBERED BRETL Ic
2, ik, HEEHTOMEOHBKR ST, £TIK
BRERBDIOWR, BIECECTIIERTVS
ZERRTHDOTHS.

%

NGB B 3 X O % T/C inhibition T #=
X5, VPM-CisCF # | K LO#EIEE b B
ThsH. LaL, gk X BHEE0R & 57{t3 %
i, BEMORRETE R HEEDRAE LT Tk
{, ThRHRENCHERET % & ADEWER b fte
TEHE LW EBRISAADZE L3 biswy. £
T, hhbh T ERERESHEC LS AVWbh?
gL (LDso/EDso, EDso: 50% #flZR %~ T & &
BER) khboT, ZBERTHIEELGALES
IS RHEER L LTHRRARYEHR Lie. CoBERER
FCRATCHIE LB T, CDDP BEAFhC
TONTHE | BEMEMER R Lic. Liehi-T, #1135
BRIGAC Hlc-» Tk, BRAENMEWL X 5 Bbhi.

¥, HEH\ 7 Williams? ¥ #21% Yagoda

b

=

(X)
10
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Control
{Mean £ S.D.)

VPM-CisCF ( | )
VPM-CisCF (1I)
CDDP alone
Cis-A-F

—w— Cis-CPM-A

15 22 day

Tumor growth curves of the BT-11 strain
bladder cancer, treated with various
modes of chemotherapies (VPM-CisCF
(1), VPM-CisCF (II), CDDP alone,
Cis-A-F (CDDP+ADM+5-FU), or Cis-
CPM-A (CDDP+CPM+ADM)).

Arrows indicate the administration
schedules.,

Table 3a. %T/C inhibitions of various modes of single-drug or combination
chemotherapies for the BT-8 strain bladder cancer, on day 7, day

15 and day 24 after initiation of medication. Unit %, Mean +

S.D. (n=3).

anti-tumor agent day 7 day 15 day 24
Vincristine 62.2 £ 1.2 38.8 + 12.8 32.4 = 14.8
Peplomycin 64.6 = 18.5 27.9 £ 35.4 -16.0 = 66.6
Methotrexate 73.5 = 13.0 13.4 £+ 44,5 9.6 £ 33.8
Cytosine Arabinoside 14.3 = 8.4 -10.0 = 19.0 11.1 £ 8.7
5-Fluorouracil 4.1 £ 4.9 26.7 £ 1.0 2.7 = 9.1
cbor 40.8 = 17.8 60.6 £ 10.1 66.3 £ 13.8
Adriamycin 62.7 £ 2.2 §7.0 £ 2.1 73.9 £ 4.1
Cyclophosphamide 38.0 £ 4.6 66.3 £ 5.7 75.1 £ 6.2
VPM-combination 72.9 £ 15.9 80.3 + 14.9 45.1 £ 23.3
CisCF-combination 63.2 £ 4.8 48.8 + 2.1 66.3 £ 2.9

Table 3b. % T/C inhibitions of various modes of chemotherapies for the BT-11 strain
bladder cancer, 7 days after completion of medication (*) and on day 24 after
initiation of medication. Unit: %, Mean#+S.D. (n=5).

day VP x 2 CisCF x 2

VPM-CisCF(I) VPM-CisCF(IT)

Cis-A-F Cis-CPM-A CoppP

¢ 42.0 x21.2 57.1 £ 10.6 60.1 £ 7.2 59.9 £ 7.3 45.7 + 11.7 49.8 + 6.3 54.0 £ 9.0
24 45.3 £ 20.1 58.4 £ 9.4 68.1 + 6.2 68.5 + 5.4 64.9 + 6.1 652 = 4.8 7T8.1 £ 8.0
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Therapeutic Index
R "0
VPM-CisCF(I) o
VPMX 2
CisCF X2
Cis-A-F
Cis-CPM-A
VPM-CisCF(1) ¥P<0.05
CDDP *xP<0.01
##xP<0.001

Evaluation on the 24th day

Therapeutic indices of various modes
of chemotherapies, on day 24 after in-
itiation of medication for the BT-1l
strain bladder cancer.

Statistically analysed against CDDP
single-drug chemotherapy by student
T-test.

Fig. 7.

Table 4. Histopathologic evaluations of various chemotherapeutic effects
for the BT-8 or BT-11 strain bladder cancer on day 8, day 15
and day 22 after initiation of medication.

strain chemotherapy

BT-8: Vincristine
Peplomycin
Methotrexate
Cytosine Arabinoside
5-Fluorouraci1{5-FU)
CoDP
Adriamycin(ADM)
Cyclophosphamide(CPM)
VPM-combination

CisCF-combination

BT-11:VPM x 2
CisCF x 2
YPH-CisCF(I )
VPM-CisCF(IT)
copp
Cis-A-F(CDDP+ADM+5-FU)

Cis~CPM-A(CDDP+CPM+ADM)

day 8 day 15 day 22
Ib Oa I
b j1£1 1
Ob Oa I
1 I I
oa I I
1 | Ib
Ob K ) §
oOb | ) §
) | os O
iy ) | | §
Oa IIv Ob
IOb | ) §
b b ) §
i8] ) § ) §
ig ) | | §
| oo b
 § | oo

BROEKIPRE L HRT S, HESROK TS
[ BIVCETEEIREL AL L DD, R
FRETOFERBECR TS, BIENBELEFRL T W
fo.

ChHORERE, HIHET] 2—-25%h 28
OEFEEZ X b, PEP, MTX oFH | BRSEIC
BOWTHULRTWABEE->Th, BUHEREOSEH
DRI X, S OBRVIBEREE COFAM
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Table 5a. Results of flow cytometric analyses for VPM-CisCF (I) or (II) chemotherapy,
on the 4th, 8th and 14th day after initiation of medication, using the BT-11
strain bladder cancer in athymic nude mice. Unit: %, Mean+S.D. (n=3).
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day Phase Control VPM-CisCF(I) VPM-CisCF(II)
4th  co-1 73.5 + 2.8 70.0 + 1.5 67.8 + 2.8
s 17.8 ¢ 1.3 15.2 + 0.6 14.3 ¢ 0.8
G2M 8.7 + 1.6 14.8 ¢ 2.1 17.8 £ 2.9
8th GO-1 70.1 £ 2.7 79.5 £ 1.5 80.4 ¢ 1,7
s 18.4 + 0.6 13.2 £ 0.5 12.1 2 1.0
G2M 11.5 + 2.6 7.3 ¢+ 1.2 7.6 + 1.4
14th GoO-1 73.3 # 1.8 80.6 + 0.7 86.4 + 1.2
s 16.3 + 1.4 10.3 & 0.6 9.2 ¢ 0.4
G2M 10.5 + 2.4 9.2 + 0.6 4.5 ¢+ 0.9

Table 5b, Statistical analysis (p value by student T-test) of the result of DNA-content
distribution obtained by FCM in the BT-1l strain.

day Phase Cont.-— (I) Cont. - (D - D
4th GoO-1 - 0. 01> -
S 0. 05> 0. 06> -
G2 M - 0. 01> -
8th GO-1 0. 05> 0. 06> -
S 0.01> 0. 06> -
G2 M - -
14th GO-1 0. 06> 0. 06> c. 06>
S 0. 06> 0. 06> 0. 06>
G2 M - 0. 05> 0. 002>
B LIt ELDNS. 3 FIBEOLRRIE .5 VPM-CisCF BEDOAEN %)

¥7z, 13— Hkbh D PEP, MTX DRENE
[BEEEIEREVWTL, BIEOHFTRILRTE
b, BWeAORTCI Y ERERFELLEDDEELD
has.

Wy, HIBERERTS 5L TOERL VPM 3
KRR L LD GM i~ DEFEDES LU b 58
EoRMAaGREL L, kT CisCF 3HRRS
X AFERAMEYaD, OB (G ks i)
DHRER O —RNBMRSREELRL W5 3DT
bof:.

¥, VPM 3 FIBEORHH 50 O REA 5 FEHUX
swboon, VPM 3HIEREC LY, ARSI
frEHBEIh W5, GM s E-
TWBKEAS EDELT, ¥i, BEOEMRO M
EEELNS 1 BRI E Eh5 L 250, 1BE
S0 tonBRE LI

VPM 3#B, CisCF 3 #IB% ftH C°RET 5
VPM-CisCF Bt © S8, Fig. 4 s X W
Table 3b GR LM LM LR T, 20K

B2, FRDRC IS D0MIELHREI LTV
V.

ZDREBAT Biobie, FCM %AW TERE(T
otRThHBHH, VPM-CisCF (I) 124 BHE Tk
BED GM H~NOREBADHREZRD 5 2, £ERY
BORBEHRTLHEE TIE/ALL (student T-test).
I AT, VPM-CisCF (I1) <1k G-M HiEHA
ZHE&Zbic (P<0.01). 8 HE Tk, VPM-CisCF
@) ERVLTRHEPAAIATE LT, UHOHR
L Thi-ERE K. 14HBETIE, Goe #
SHi, GM #o&EMs T, VPM-CisCF (I)
FIO A1) L ORI TREEEYZD, FCM TH
EERE LR L4 Th, VPM-CisCF (II) ©
BT X DN, X0ESEOHREZDL. h
1%, Go1 A0 #m, S, G:M HADMR OB X b
R REEE L ER RS A LA LT I h
5.
LAEX b, CisCF 3HIBEE &L VPM 3HMRS
Bt 4 HECTHMTH S LEL Hh, VPM-CisCF
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D) &, LVECARARRELEDEEE A0 0, [
REFIHRE LR L5 L% 5.

VPM-CisCF £HIptBfsE i, AR i fil
RARRCAEHT 5 5% HNz, CDDP %}k /-
T 5D, collateral sensitivitys & > 5 B
H5b0D, CDDP iERZHOEECRLTIE,
ZOHRCEINES.

D5, Williams?® ¥ foiX Yagoda 5220 CDDP
+ADM+5-FU, CDDP+CPM+ADM %, #ifEE
RO REREUIFO L ERCEADRETE D,
MZL2EDS D, BERIEBEDOIBLOLOTHREE |
HERREHELTELT IO, JEARZ T AN
Ao Tws.

HEHIO BRI 5\~ C, Devitad® % Krakoff
LPORRBME, A2 b T ADHKITERE
Th%. VPM-CisCF LHIGHRABEC S\ TL, T
M 6FIEZEHAL TS, CDDP 2K\ THZEH
R Th A iERSREER TR EOEIRFE
hTHLT, ¥, LOBHEDECREEFEIHL
BERTEAIN Y CHD LA, BREAXB IR
HBEE2ETS 30EMITHS. K, FFRER
CDDP DR MR ERIC LIcHEb RETLS.
772, Yagoda?, Williams 52 Ofigh e &E-
T, BWFADORTRIIBGSAET, ARBRERND
YEFIID IO, HHEKELDHNELRT
VPM 3HIDEALRBRHREF L LT BLELD
h, CEHRRTAEELRIBSTHoEnEE LY
ERbh5.

EROAEHLE T, FFRAOSEERZ»BDH
BHEBREOEATHS. 20K, 6FIHEHE LI VPM-
CisCF #E:ClL, BehitoTwbEELbRS.
Tiebb, VCOR OFE7-5 BifE R aEREER TR
HhizaeRd s, PEP IHifHEETE h¥ e BH
WAy, MTX 13, JF » BHsseiEcing <,
FEIME, = &wl/MRIBAER SEWER & T 558
ERETIEENDIn\ . CDDP 13 BHEERE R
BEThs.

Wi vz CDDP + ADM + 5-FU % X O
CDDP+CPM+ADM OftHE#RE T, CDDP o
BHERER LOFHIH I ik <, Eix ADM,
CPM 7g K D BRI OBGIEFNE» b 2 nx, %
7z, ADM OO#EEb IS, Shik, HihE
B DS REBMIEREC L -T2, HRYD da-
mage LEXbh, 2~8 2 —xBLXTHETLEY
BEIATELR D, Ll TTFRBEBLTo L
WOTIRRW L, HERIIW TR, FHEECBE LT

32%

125 19864

13, Ok SRR EITE R BB LR WT
3, MEh HIRMEAE, HUER S OBBEREYH
+5402%<, %0 CDDP n@#FEELZES
hBLERDD.

Fofl, SKIRRECESHRCI\WT, Mk
v LERSEOMAHhE LT85 X 5 Il S 0Nt
WHETHBHN, ZOETHREHROVDDTH-
tz. ke, BT-8 oA TCHRD I CisCF 3
¥IBtx, CDDP BF5Fc~T CDDP &4
BET, UERULATWAR bbb TREL L
DRFEEFEF T Lik, Ara-C, 5-FU Lofffic T
CDDP DOxRgmmaaes e h, %7, AraG, 5-
FU OBAB G HTEIEL R ERD b &%
Z25L, FHRULOHRTH 1.

CDDP & Ara-C, ¥ii3, 5-FU EOBtRTRE
WM H B L1, Schabel 53 L1210 Hifakssk
FRC, ¥i, Ara-C LDt TIX, Drewinko 5%
A% colon adenocarcinoma DFJIEIERTCOERT
FEHL T 5.

Drewinko 5%, Ara-C i< X 53#%E%, po-
tentially lethal damage repair (LA F PLD-repair)
DHFIFHRS~OCHB LT 5B, 5-FU RBWTHHE
iz PLD-repair OMIFZIREZ S DHENRD D, =
hit, bhbho CisCF 3FHORSEOHAHLYE
DRI E LI EZATHH 5.

¥4, Zhiiz T, Bhuyan 53 0 5-FU &
Ara-C L O E T, L1210 MUEERT, A
R 5 X v 4 5-FU 0% 7#H 5451 Ara-C 5
4% sequential combination & L7254, XD
PROTHS SHRABHELTRLTEY, Z0KD
ZREEO—REELBRS.

B, EERMREEOMITC XY, ME TR~
ml, X HAENAEEEL L TRASEXRb -1
HEDLRNEEN LI D O0HBSD, ZOKTIIL,
BADY) FLM MEESER T, KEHEFO F
FBSFREC s\ WCGER L, 1, bhbho
SEDEE TR LML, FCM i X 5 MREIEDO %
Mxd LR SRIGRREYER T LOGEENE
BTEBLZAHTHS.

MR ORI DV T, BHREER X - THH
MWEXERLL S ET50%, BEREOVEDTH
5%, KA GHARHM SRS R Y, BER -
EATHE L e BRTH B, SEOERTIE, 20
REDWTIIBEN X TR > T g v s,
B MRHWT 5% non-cross-resistant combina-
tions L ESEFENDTXES R HIY, VPM-CisCF

Livingston
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BRI DTCIRERIEA D LR, LT
5THBHILOIE, WK EZDBIERAO LT B
5, RBZRENTHEL /e, Fi, IO B
BRI LR ERET, FHROKUE, 0¥y, EGMNY
BTELLEEZDNRS.

W, BT R L T MTXMWISID o fE AaERE
EhaX5wrh b, & &K, Yagoda™, Soloway
LEERICADRTREME R LT 5. £, Bi
Tk MTX ®EH| & LR ™ 23 Thtbhs
X5RD, ROREDTHHEOHBELHS. Z0
&, bl hid Costanzi B OTERBRIIOEARE
EOBERICAKBRYBE R, VPM 35IBYE % R
THHN, &L D, MTX OBKIGHOEENE
BEhhud, Biez 0 3FRORSEOHRE bEKE
hhidlis by,

Fle, TOERBCTHED ML, ADM ks X 8
CPM 3, HHk XOHAREC B\ CHEBHE
DETIAEREEZ bh, BRIEASHHEL L T Cis
CF 3#I#ofire, zh bk CDDP %imkL 75k
TEASKIBRAAX S HEDBRF LTV LENH 5.

Vincristine (VCR), peplomycin (PEP), metho-
trexate (MTX), cis-diamminedichloroplatinum
(I1) (CDDP), cytosine arabinoside (Ara-G), 5-
fluorouracil (5-FU) o 6 FIft {3 M2 £ 1L,
BT-8 f#ds X0 BT-11 ko % — K~ v AfAB Il v
FEEBERE R VTR ORRERE L.

DEENEELIR Tk, BT-8 fkick\wT, CDDP
(2.5 mg/kg/dayx6), ADM (adriamycin: 3 mg/kg
/dayx6), CPM (cyclophosphamide : 10 mg/kg/
dayx10) DEXFERT, ThENCEL CRER
FHABERSR L RD .

VCR (0.06 mg/kg/dayx6), PEP (0.9 mg/kg/
dayx6), MTX (0.6 mg/kg/dayx6) Ti%, —ibi
DIHZIR & BD T,

Ara-C (3 mg/kg/dayx6), 5-FU (30 mg/kg/day
x6) 3 &R B LTRSS TH - 1.

2) VPM 3% (VCR+Ara-C+5-FU) X0
Cis CF 3 %%t (CDDP-+Ara—C+5—FU) #5 T
3, AIFC RS TREERFE O MR 2R, %%
Tk CDDP BHRSEE RS LOPRLRD L.

BT-11 ORI\ Tk, HESHIFAREC ¥
Bt Licht, VPM-CisCF.# [N AT, Hiks
LTHWWe . Williams »® CDDP 4+ ADM +5:FU
¥ XU Yagoda ©» CDDP 4 CPM + ADM & H~x

THEBHLILEBRVIDTH 1. T, GERLD
CHHl LRIt E R 2 0k LB B0 T, EI8
NEECER TV,

3) VPM-CisCF &HIBARKIC R\ T, £ %S
JOETED GM HRAFALE Y flow cytometry
THRE Lchd, VPM 3 KBRS Ciz 4 B HIC A%
BaBD, FIECE VT hIRWELAD L.

4) VPM-CisCF ZHIGHRSE T, 8B 1 EE0EK
BRDS5 2T, XoBERATHAS EELLRI.

AR OER L, —¥, MIEIEEMEELIC THREL:.
%72, flow cytometry %525 ICH7c»> T, ARIIERE
SHRBAWMRFOAMAR, MAZOME, sLUBHKRE
BRICHSKOWB 1%~ 720 &%, & CICBRLEH L
7.
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