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Responses to Radiation of Ehrlich Ascites Tumor Cells in the
Presence of YM-08310 (=WR-2721) and/or Ro-07-0582
(Im vivo, In vitro Assay)

Kazuyu Ebe

Department of Radiology, Yamaguchi University School of Medicine
(Director: Prof. Takashi Nakanishi)

Research Code No. : 402.3

Key Words : YM-08310 (=WR-2721), Ro-07-0582, In vivo
treatment, In vitro analysis

The responses to radiation of Ehrlich ascites tumor cells were studied by in vivo, in vitro assay. The
solid tumor was irradiated in air-breathing mice and dead mice. A soft agar colony assay was used to
determine the survival rate of tumor cells after irradiation. The dose response curve showed a terminal
slope. It was calculated that 12.7% of the tumor cells were the severely hypoxic cell variety. The
response was enhanced with the administration of hypoxic radiosensitizer Ro-07-0582 (1g/kg). The ER
was calculated to be 2.3. The radioprotector YM-08310 (=WR-2721) (250 mg/kg) showed a DMF of 1.2—
1.7 in air-breathing mice but no protection in dead mice. When both Ro-07-0582 and YM-08310 were

‘ present during irradiation, the dose response curves were shown to be intermediate to the curves of Ro-
07-0582 and YM-08310 in air-breathing mice and also close to the curves of Ro-07-0582 in dead mice.
‘We confirmed that YM-08310 is more efficient in aerobic conditions than hypoxic conditions.
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--7, Ro-07-0582i3, hypoxic cell &3 LT D&
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bha, HiE~ Y AL, invivo iZCEEHE Ol
FoMIBEFT e\ in vitro 12T, colony forma-
tion assay #1772 5 in vivo #L#, in vitro @7 %
RAvs ek h BHROBER T 50RYE
BEMaOEFERNLHFITE, Db THHRO
ZhER KT B WK D ERIE R %, in vivo T in
vitro DT hZhh bRF LD TLORERE O
S
2. HERUFE

1) EEREMR UIEHHHRER

MR YHEETs v — v L T in vivo RO
in vitro D% THE W] §E 7z, Ehrlich Ascites
Tumor Cells (EATC) #{H L7, invitro ®%
T, BEW L, Dulbecco’s modified Eagle
medium (DMEM) 1210% calf serum, penicillin
(100Unit/ml), streptomycin (100xg/ml) % i1z
TEHERL, 3~4 AR LA, ERBY,
ICRF&~v 2 (H, 68 A, EHRBILT
T, BEWEE - KEKEYBERIZE 2. EATC
D=7 ANDEFEY R XD 00, R
#¢» % cyclophosphamide (100mg/kg = ¥ A
FE) %, <~y AEBEACES L, 1 B,
in vitro TREUREE L C, exponentially iz grow-
ing LT\ % EATCI0ME/~ v A2 ERICBHE L
7o, BHE 3 ~ 4 BB Iem® BRI L o B 2
B U, BEETIE, V=aXbXcXz/6(a,
b, cit, EHEOMHE B B &L Tkoi,

2) WSHRERS

ERERAXRAEEEE (BREED A,
i 413, 200k Vp, 20mA, #8230.91Gy/min,
0.5mm Cu-+1.0mm Al filter, HV.L. 1.50mm
Cu T, FSD=50cm TH 5,

In vivo ZLEE, aerobic condition &3, =% &
DERZESHEET CERTERL TV 5 RET
» b, hypoxic condition &%, <= v A HTHE « I
BRTBRL TS SBOEREREYRT. ¢h
LORBET~ Y 2RI HRBEHEEITIR- 12,

In vitro #L¥, aerobic condition & 13, HERE
i EATC o #ifaigtE#2ml (2.0 % 105@/ml) % A
h, E¥ZER, BE FRTT, XEBHYT
TtoleGEoREThH B,

SEBREF~ONSEIER o IN VIVO 42 IN VITRO #2i7

Hypoxic condition & %, # 7 A BlE & IC
EATC offifaiZdz2ml (2.0 X 105 ,/ml) % Ah
T, 95%N,+ 5 %CO, DA » A% 1 Kefs] 1L/
min) H L CHLhIERZEREY X3,

7e#8, Ro-07-0582F U YM-08310D {# FH iz B L
T, A & BRE Y BT, hypoxic condition
ipoThb, ZhbOFHEMEEEZETL .

3) fEREH ‘

{EEASEMAEHEREA & LT, Ro-07-0582(Ro.) (H
Kea), {WEA, 1-(2mnitro-1-imida 3 olyl)-3-
methoxyl-2-propanol, —f#44, Misonidazole %
F\vie, In vivo AVE G AR AIE ISR, 1
g/kg (= v AEKE) RRHEFIC~ 7 2 EHEAE
5 Lic, k7, invitro MWEECIX, BEER CHEML
5mM ORECHEA L., SR cMic/ER X,
105 X BB T - e,

B R EER & L T, YM-08310& YIM-08310
SH-+2HCI i, YM-08310 (YM.) (LzH
BH) 1, {bH¥ 4, S-2-(3-aminopropyl-amino)
ethylphosphorothioic acid monohydrate, — ##

72, Amifostine TH 5, Z i, WR-2721iz7 1
SFHEE LD TH B, Invive AHETIE, &
BAEAKTHEML, 250mg/kg (=¥ AKE) %,
X@RBHATC ~ v 2 OB 5 L,

YM-08310SH - 2HCI (YM. SH « 2HCD (il
PEF, k%4, S-2-(3-aminopropyl-amino)
ethan thiol dihydrochloride ©& %, Z kX, WR-
1065+2HCI LR UTH B, 4ENL, invitro DE
BROZ TN L, iR CHRE, BTB &4
FL, 0.1IN NaOH iz, pH 7.0& L7, 5mM
OWET, TR TI0OZREMA L fEA S,
SRR s = e s,

4) In vitro fi##7

In vivo ALEE in vitro f##7 T, XERBHEE
=y AREE AT CBRL, By
5. MHOHLEE#T0% =% 7 — 12T 1 48
HEL, A 2 THH & X Zsingle cell suspension
1B, FEIWHEFE (1,000rpm 5min) * 1 EI{77x
W, 0.17% b ) v I — R TAFMEY R 2
TERERES D RJFciEz 5,

BRIERBEMT, X hich, FE, 0.5%%
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*x, 10% Calf serum. DMEM, 1ml & L, LB,
0.3%%X, 10% Calf serum. DMEM, 1ml G,
LB A EE L 2, EEE3.5cm @ dish (Fal-
con) 3WIHE % 7z, CO, 1 v & 2X—2%-(37C,
5 %C0,)T10 H fH15%3E L 7%, 50M@ Ll Lok X
hirhanr=—%H 2 CTEFERYRDI,

In vitro ZUE in vitro f#HT T, XEREHEE
BB B x CHIERIE O LB 2 7,
Teds, AR A L BE W, smiErEQ, 000rpm
5min) % 3 BIfT 7o\ BB & BEME L 7c 88, Bl
zfc, TORARICHEEL, ar=—-HKrHz
THEFREZ KD, In vivo L in vitro 1=
F1F % Plating Efficiency (P.E) (%, 0.23:+0.018
(M=*SE) (n=22), in vitro #L# in vitro f&#7 T
X PE.=0.39£0.024 (n=32) &ir-ie,

A—oXREE 3ELH LTy, BRER (y=
a+bxtse) ¥ kD, FEREOMEE OEORE
%, BENRRELD Student’s test #1T7x » 7o, o,
757 FIRTE&EA v 1, 3o dish DFy
Dar=—KIHELNIERFRTHS,

3, R

1) EFESHEA O hypoxic cell fraction

Fig. 11z, in vivo #L¥ in vitro f#HTic BT 5 X
HRIZX 3% dose response curve #7<3. Aerobic
condition T, BMIFE—HEHT, 10Gy L EoE
BEBCTIEROESAEN LS (BIED
tail), Hypoxic condition ic3si13%, = oifEo
EfR#H5 OfE £ &, aerobic condition T tail ®
EHE LOMICREEZ L\, #oT, Zohg
Dtail ik, BEE AN (kB #Hlcm®) o severely
hypoxic cell D HHBREZH LR T EELBA
5. % Z T, hypoxic cell fraction % ¥ 799,
MEHO y Y 02N 5185 i hypoxic cell
fraction 1%, 12.7%C# 5., I bIL, N WEE (E
FH90.1em®) OBMHREZHYRT. Z0Ba,
EREECOEZORMRERTLIL, Bobh
oo tedy, ERERTIE, 75 73—FKLik,

2) Oxygen Enhancement Ratio (OER)

Fig. 2 B R < HMEF oM X RRH
L7z3%58 @ dose response curve (in vitro #LE in
vitro fE#1) =T,

FEFI624F 2 A25H
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Fig. 1 Dose response curves for EATC solid
turnors (lem?®) in aerobic conditions (open sym-
bols) and in hypoxic conditions (closed symbols).
12.7% of tumor cells were the severely hypoxic
cell population. Dose response curve for small
tumor (0.1cm®) doesn’t have the terminal slope
in aerobic conditions.

777X hBbhiko(E, Do (hypoxic)=
2.56Gy, Do (aerobic)=0.99Gy # %I AT
%, OER=Do (hypoxic)/Do (aerobic) =2.6 & 75
B,

3) SEBRIEH TD Ro. DZHR (in  vivo 4L in
vitro fig#f)

1g/kg (body weight) %~ v A [P Ic 4 L
1 RFREE I X RS+ L7z, Fig. 3 e r 0 R %R
3. Aerobic condition ‘¢, Do=:1.34Gy, =+
r — 1O tail @ Do=3.12Gy & H# L T, Enhan-
cement Ratio (ER)=3.12/1.34=2.3%187:,
Hypoxic condition T, Do=1.33Gy, = v
7= @ Do=3.57Gy & ¥ L ¢, ER=3.57/
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Fig. 2
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Dose response curves for in vitro irradia-

tion of EAT cells in aerobic conditions (open
symbols), and hypoxic conditions (closed sym-

bols).
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Dose response curves for EATC solid
rs treated 1 hour before irradiation with 1g/

kg of Ro-07-0582. In aerobic (open symbols), in
hypoxic (closed symbols). ER=2.7
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Fig. 4 Dose response curves for in vitro irradia-
tion of EAT cells pretreated with 5mM of Ro-07-
0582. In aerobic (open symbols), in hypoxic
(closed symbols). ER=3.0

1.33=2.Tk 75,

¥ 72, Ro.##5-L, aerobic /2 U hypoxic con-
dition T8 & hic MR Iz — L 7,

4) $EEMMBATO Ro. DHHER (in vitro I in

vitro #g#)

5mM, 10min fFf SR HXBRFAET -
7z,

Fig. 4 e & o#E R % R~7. Aecrobic condition
T, D0=0.83Gy, = v t = — - Do=0.99Gy X
b, ER=0.99/0.83=1.2& 725, Hypoxic condi-
tion ¢, Do=0.86Gy, =¥ I = —-® Do=2.56
Gy kb, ER=2.56/0.86=3.0&715,

5) EBREHETO Y.M.OPHR (in vivo 4L in
vitro f247)

250mg/kg (body weight) %~ v 2 ic# 56,

1 R I X B A2 1778 - 7,

Fig. 5 ez 0#E R % /R4, Aerobic condition
T, EFERNT%E D BECILET B L,
LDy =4.62Gy, = b 2= — - LD,,;=3.95Gy &
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Fig. 5 Dose response curve for EATC solid
tumors treated 1 hour before irradiation with 250
mg/kg of YM-08310. In aerobic (open symbols)
DMF=1.2—1.7, in hypoxic (closed symbols).

7z, Dose Modifying Factor (DMF)=4.62/
3.95=1.2&70%, ET3T% LU Fo£FFZE T DMF
RDD EL.2—1.7ETe5B,

tk, ZOEROEE L=V Pr—ADtall D
EHEOMICERZEILIRL, ToEMS, EEND
severely hypoxic cell 1o LT, SEEE T,
BiESRETED LRIV e B H, BRI
IZDWTHEARETH S,

¥ 7, B % hypoxic condition Iz L 72354, =
Ve EHBILTC, BIESHREIALRIR,

Ll EX b YM.iX, severely hypoxic cell % B
Ly,

6) YM.0%5 & & BHEZhR DB (in vivo &
H in vitro AZ4T)

Fig. 6 kiR 5B LB HROBGRERT. <
A P50, 100, 250, 500mg/kg (body weight)
BEL, 1FRE#C10Gy BH L., 0250
mg/kg Ll b CEH#EMRE R R bR (p<0.1),
fo, YMBGBEMTE, EREBCRSTHEER

mEA624E 2 A25H
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0 50 100 250 500
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Fig. 6 The effect of dose of YM-08310. It was
injected to tumor-bearing mice 1 hour before 10
Gy of exposure in aerobic conditions. Data points
represent the mean:SE. (QO); without YM

-08310 (@) ; with YM-08310.
- S—f—5—3
5ol 0 Gy
<
: ¢
: A
z / 10‘0
E ¥y
=2
n S
g ¥
0.01 L] 1 L) I
1] 1 1 r
TIME between INJECTION of ¥YM. and IRRADIATION

Fig. 7 The effect of time of pretreatment with 250
mg/kg of YM-08310 in EATC tumors exposed to
10 Gy in aerobic conditions. Data points represent
the mean+SE. (O)); without YM-08310 (@) ;
with YM-08310

CEAR S, BERALREb T,

7) YM.#%5 & 835  TORR (in vivo L3
in vitro fi24F)

FER, 250mg/kg (body weight) =& 2 ®
IRRER IS L, &RHEREIXRE10Gy B
HU, TOFEHRL LB LI,

Fig. Tz 0@hREiRT. BAEOEMRE T
BREBAGRIA, LRREL B, B
ErZbhs (p<0.05), Fi#, YM.gH5EEgc
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Fig. 8 Combined effects of YM-08310 (250mg/kg)
and Ro-07-0582 (1g/kg) in EATC solid tumors.
YM-08310 and Ro-07-0582 were injected 2 hours
and 1 hour before irradiation respectively. In
aerobic (open symbols), in hypoxic (closed sym-
bols).

3, HERERFRIC ST 2 EERP B LR,
BHERs bR 5T,

8) Ro. (1g/kg) & YM. (250mg/kg) D4R
2R (in vivo LIE in vitro B24T)

YM.i3. 2 BERIATIZ, Ro.ix 1 BRI, FhFh
<V ADMEACHERE RS L, XEBH Lk,

Fig. 8 iz x o §5 5 % 7R ¥. Aerobic condition
T Do=2.38Gy &72%. Hypoxic condition T,
Do=2.07Gy &7t 5%,

YM.Z in vitro TiZ, invivo TAbh BBD%)
RTRE 7V, TR, A& TR
¥ZC, YM. SH (WR-1065) &icbh, By
%*&’H—%’g‘ & ghél 7)-101-

% T, YM.SH « 2HCl 2B LT, in vitro
AE in vitro BT 2T e - 7,

9) YM. SH : 2HC1 (5mM) ®%® (in vitro
S0TE in vitro fR4T)
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Fig. 9 Dose response curves for in vitro irradia-
tion of EAT cells pretreated with 5mM of YM-
08320 SH - 2HCI. In aerobic (open symbols), in
hypoxic (closed symbols).
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Fig. 10 Combined effects of YM-08310 SH « 2HCI
(5mM) and Ro-07-0582 (5mM) in vitro irradia-
tion. In aerobic (open symbols), in hypoxic
(closed symbols).

Fig. 9w ofER% =T, Aerobic condition
TDo=2.71MGy & 7th, 2w trw—nAdDDo=
0.99Gy &t L, DMF=2.70/0.99=2.7k /¢
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5,

Hypoxic condition ' Do=2.56Gy T#H %, =
v b e =0 Do=2.56Gy & i L T, DMF=
2.56/2.56=1.0& 7%, BiRERIRIT, H B high -
7o,

10) Ro. (5mM) & YM. SH - 2HCL (5mM)
OHFAZISE (in vitro 242 in vitro f2#7)

Fig. 10ic £ D& R%7~7. Aerobic condition
T, Do=2.62Gy & 725,

YM. SH+2HCI Bijl & RREE ORI ERI R A 6
h, Ro.OEEEHE X, LZbhisd 7z, Hypoxic
condition "C, Do=1.45Gy & 725, Ro.c X A HERE
FELFEZED BT,

4, =

BHBHERGRE BT 2ETFO—2o@MELD
5,

T, HOLEOEA YR ETHIEILL - TH,
GOy Lo WY R A Ry
TE5%, 2T, ERFMEREER L LT Ro
RO EH & LT, YM.RU'Z DFEHFDfree
SH form ©5 % YM. SH « 2HCI o =5 0 3EH|
whbl i,

YM.i3, in vivo #4510 T Us CEBR B
RBERTE Wb TE I invitro EBRTII,
YM. SH - 2HCI 68 L 7=,

IhboEFOHRY, BFEOHBELEDT,
EBLI,

YM.&, EREBRLEET S, BHEEHEL
e E w5, Wik 3 differential protection %
NSRRI CH Y, SHETESOWFER
IR TERD,

YM.ik, A& ClisER b X free SH form
k5o TR AR, E B EEF & LTiE,
Zop 5 —o)t, free SH form ML & h,
disulfide & 72 5 BRIz, BEFOMEXHEL,
hypoxiaZ d/cb T L5 E L, $ 5 —DlI, free
SH form 7%, HiSHRBEIC X - TER &5 2
ANERHLT, KREFEELHECLSTT
CHNEHEETBHENSIZETHE, TLT,
SHRPF R R B L AR BE P EE LR Y b
DEPWE ST B2,

FEFN624F 2 A25H

(7)
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Differential protection % % 7z B0\
T, ST, YM.IZ33 % barrier 235 5
DM LE 2 BT B D, —HCRESE L
HINBOLERTHHELH 5,

E#H3, EATC EMEE % F\T, YM.oO;#
R %5, aerobic condition 1T DMF=1.2
—1.7%%57, ¥z, hypoxic cell Iot-3 % B HEz)
RixLmbhithoiz, Zhid, Utley biz X 5
EMTS6 B & 28E ™9 LigiE—H L, Kz
free SH form ©#H % YM. SH « 2HCI T,
T O R R % in vitro TN, FOREE, aer-
obic condition ¢t DMF (Do (YM.)/Da (con-
trol) =2.7%#87=%3%, hypoxic condition TI3phzE
ERIEA BRI o7, DX b YMZBIL T in
vivo L in vitro #4T & in vitro M3 in vitro ##
Wo—FNnHZbhl, £2T, YMAL, O,FETF
TIEH B R R & RT3, hypoxic cell 1353E
LignweEzbhb, -1, BECT 55
BREE 2 554, T OREEMNIC aerobic cell ®
EERET IS LRV K ELI kB &
Zibhs,

YM.0 58z o\ T3, 50mg/kg Ll = ClhEE
NI BRI, 7o, Yuhas bz Xy, 250
mg/kg ¥ TIX, BRI EIHROBAN LS
T4,

#5 LT b XHRRH % TOREoWTIE,
—RRL BB T EBMER LS i,
Yuhas 51X, #EROEMABITIT HRE L RE
L, EF~0ERHBTIALOMKCLETD-
KHLTWAHZEEREL TS,

BAEE C, BEMREE MR L€ invitro ¢, YM.
DIEH W & EEMC s 1 2B R D ZE Y B
B LT 7eu 2, Yuhas Skl b H L
MR - 28T, ERNEM L ERABR~DE
Moxx, YMcwTsMiaEEomEDOZEE L
FoI8 g k- b FOF S5 74 — T YM.
DERDAHBEBINCT BT B2, Wih
bEEEASIC D E ) EREBD LTV, £
N, IR R BN E G EE 2 B DA, L
L, B, £EBE L2267,
PSRN &, D Lk, EREOLRT

-
—
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BE RS R DZER R T X I\,

T5LT, EHEMASEEEERE OB #LRED
#, RUZEERGHCOB#SREDEIT ST
DEAFRTERBA L A\,

EEOKERD L, YM.OB#EHRBIL T, %
A~ D 50 OREC BB L OB L B S A
DZEELT, EEYEDTHEMCEST 2BE
BREORIED BT A E BRLT 2 EE
zZbha,

Ro-07-05821%, {EEASEAIRG D 2% BT 3 3EH|
THHY, TOFAENIBESGRICIZIFEL W
Tcdh, BRFRLUMHE L% 2 bhTWw5, Adams b
1%, nitroimidazol RD\ A\ A i b &M E,
TR LDOILEHOERBRBHRE, FOBTFEMMEL
BIEL TRV, FhroBFHFMEZ one-

electron reduction potential & L CiR$ 2 &MT

EHTLEXBEL TV B,

E3E13, in vivo ML in vitro f##7T T, ER=2.7,
in vitro 4% in vitro f##7 ¢, ER=3.0%% 7,

& LAk, in vivo A in vitro T %
WCHRE T, =Y 2 Bl6 4%/ —=T, ER=
2.0%, = 2 EMT6[EE <, ER=2.2?", © }JjiE
JET,ER=1.8", £ } # 3/ — =T, ER=2.45%
BHD, WIFhd BEFREEGREAEEIhTL
5,

Invivo I T, =9 ROF Ve +OCHEAFHH
Abh, BENNTEARYAENDH, PR
BCOE O AThEIEFREZ b2 L 2RE X
nTw3,

Ro.i%, hypoxic condition ® #HfaFA C¢AH =
h, TOREWEIERSRER OB ESET 5
EEZLRTW3, 1T, MM D non-protein
thiols (NPSH) # i/ &% 2 HH MR ED —
EE 2 BT 53289,

BEX TR N 51 7 A8 Thhich, Bigs
EDIDNER TCOEHRIEENTH DM, &
DEFNOMBEE LR T 2303, F€ HFLw
BRAIOHEFEN B EE 2 bh B,

YM. SH+2HCI & Ro.%ftH L4 (in vitro
SUE in vitro ###7), aerobic condition T,
IZ YM. SH «2HCI D5 #5hR » % bh, hypoxic

(8)

SEREH~OAFEEA D IN VIVO 3 IN VITRO fiz#

condition T, F1Z, Ro. D BRI R 235 & h fe,
ZOFERE, Yuhas 5D cystein & Ro.o> 3t fA %
ROFERON L —F LI,

L& L, in vivo 4V in vitro #2#T (aerobic con-
dition) T2, BFELRHMBEIRD & S d—T
DERLE WD DTS, HREHREIC X B R
LA CEREORSZMLE Shi, Fig. 105,
#HHE & R hypoxic fraction 1212.7% T b, &
i, Kallman i X 538459 (severely hypoxic
cell 15—25%) &i3F—H L1, BEMEEHAOM
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