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External ATP caused remarkable changes in the membrane permeability and
the viability of mice tumor cells in culture. When Clone-M3 cells (mouse mela-
noma) were exposed to ATP in Tris-buffered saline, a great increase in the rate
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of efflux of radioactive acid-soluble materials was observed within several
minutes.

The increase in permeability was highly specific for ATP, and was not ob-
tained with its metabolites. The ATP-treatment of the tumor cells also induced
a morphological change, detachment of cells and a decrease in cell viability asso-
ciated with the permeability change. Similar results were also observed with
Ehrlich ascites cells, but none of these ATP-effects were noted in untransformed
NIH 3T3 cells or Balb/c mouse embryo fibroblasts.

The effects of external ATP on the cytotoxicity of several antitumor drugs
against Clone-M3 cells were studied. The cytotoxic effects of 5-fluorouracil (5-FU),
adriamycin (ADM), mitomycin-C (MMC) and nymastine hydrochloride (ACNU)
were potentiated additively by the ATP-treatment. Furthermore, it enhanced
synergistically the effect of vincristine (VCR).

These results suggest that it is possible to achieve selective toxicity for

tumor cells by means of ATP-treatment.
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(Adenosine triphosphate) # % R 1L T LISk,
ERC BT 5L D%  DREDB BT > T
&7, ATP xR, QSR &0
TER%EZETHZ &b, BEEE L TLEKR
HAubh, #EOEB CEDOMRIPHERINT
W52

—77, Mgt inzbhtc ATP GHAMK
ATP) i, Epiiiao MiaEab: 2 25k 3¢
BEVNH L OnDHRELABR DI EE,
Rozengurt 5%, fbiifaz fikasts o ATP
(adenosine 5-triphosphate) TALB3 % &l
MEOFE R A &L, 227 VvAFF,
) VIR EY, A4 Vi X CEREE T B3,
JEEbiifla il OFRERRR I b &
BRE L TR0 ool c, 3T12,
SV3T3, PY3T3, HeLa, B16 » 5 / — =, 1929,
CHO-K1 7 & fi 4 o @bl = > ATP fE
AR I h T 512710

4lal, FEFL< v ABEMREY A, SR%E
ATP ojEfifak L O EEMao ¥iE, BEH
P RIT TR, I DIAYE DML~
DI DT REHIC D\ TEBANC R L.

~y ADREGETH % Clone-M3 fifa'” &,
Ehrlich JEKfila, L csb s NIH
3T3 ifa,® IEE MM & L T Balb/c =w =
RA JRARAESF MR & 2B HI > 7o, Ehrlich g
KM, Balb/c — v = AR EKESE AT,
primary culture &7\, 2—10f8#kkD L D
ZEA L.

Clone-M3 #fi fix, Ham F10 (H A #l3
K. K.) ©15% Bimis (GIBCO, Grand Island
Biological Co., USA), 2.5% &R 415 (Flow
lab., Australia) % Jn 2 7c 553#¥% ©, Ehrlich
Mt X ORA e MESF fifav, Eagle MEM (H
KELFE K. K 1@ 102 4 i 2 hn 2 7o 55
¥, NIH 3T3 #ifai, Eagle MEM 12 10%
B A (GIBCO) % hnz 7ks#w < 37°C, 5%
CO, FOEREEMNRLTNBLDEHALT.

2. ¥ A

X7 VFAFF, BIXOX 7 LAYt Sigma
Chemical Co. St. Louis, MO X v EEA L 7=
adenosine 5’-triphosphate (ATP, disodium
salt, vanadium-free), adenosine 5-diphos-
phate (ADP, sodium salt, vanadium free),
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adenosine 5’-monophosphate (AMP, sodium
salt), adenosine (sulfate salt) % 1N NaOH
TPH % 74 fIEL, fFARKEC-20°CT
RS IRAE L TC.

YOREIE, AT H% 5-fluorouracil
(5-FU, Kyowa Hakko Co., Tokyo), ¥HiFEH
44 E T H % adriamycin (ADM, Kyowa
Hakko Co., Tokyo), mitomycin-C (MMC,
Kyowa Hakko Co., Tokyo), 7 s F A {LFl|
T $H % nimustine hydrochloride (ACNTU,
Sankyo Co., Tokyo), vinca alkaloid ¢# %
vincristine (VCR, Shionogi Co., Tokyo) ®
S5HIRER LA, Fof, HEESEELD
$EEAZ 1L, p-nitrophenyl phosphate (pNPP,
Sigma Chemical Co.), [3H]uridine (22.3Ci/
mmol, New England Nuclear, Boston, MA)
HEHL.

£ B F &

1. HRRESEAMED &

Al D EE M B3 % FBuL, Rozengurt,
Kitagawa & D HEIC $E4, [*H]uridine © 3
X LRI E O it~ D &, &
KIEF AN E T H B pPNPP Ofiffa~ O
A, KRG fEEIREEE L TT 5 7019

W, 1.5—2.0x10°f@, 35mm > 4 — L
(Falcon, Oxnard, Calif.) i ¥ %A%, 2—3H
BOMLIX10°ME/> v — v DRFED L D & LT
DEET T,

D BMWEEMEORE A IRELE L-ER

RBOW D MO BRI EE % 1.0 ml OFj
oY b, [*Hjuridine (0.5pxCi/ml, 1.0
pM) © 37°C, 95% air, 5% CO, F 3 BsfH] 5
N Lte. TAY b~ 7 kS ORI P
L, fifa% 2.0ml o 0.15M NaCl ¢ 2 |85
#, 1.0ml o pH 7.5% 721% 8.2 Buffer (0.1
M Tris/HCl, 50 uM CaCl,, 50 mM Na(Cl,
Dextran 500, 5 mg/ml) i, ATP % & EEEM
% 37°C T incubate L7-. MRS incubation
#%, KIG¥#% GF/C glass microfiber filter
(Whatman Ltd., England) % B\ CTWE[JEE

L, Hifazxiht L. EEK (eflux fluid) %
0.5ml $H L, Aquasol-2 &~ v F v — & —
(New England Nuclear) % 8.0ml, 50%
trichloroacetic acid(TCA)#% 50 ul hnx , Wik
YVFU—Y g vhy vz —(Aloka LSC-900)

- CHAHEER E L.

AAN2m T EEmE L, T4, 0.16M
NaCl c2E%E L, 1.0ml o 5% TCA THL
B (4°C, 304) BRI HE L.

ADP, AMP, adenosine, NaH,PO, iz T
‘l) ﬁ%yzﬁo 7o

2) DPNPP opnkirfiga et s Lic Rk

pNPP (%, ffaE st U CARIEEBETH
D08, A ma LiRPE A S L, Mian
o alkaline phosphatase 2 X b jnkKoyfEXh
T p-nitrophenol L7gh AT EE L, FO
e sl U CRlisbc it i35, o RIG%
ML, flllag s, didio Buffer 1.0 ml A,
FEED ATP & 5mM pNPP % fnx, 154
B, 37°C T incubate L7z, m{a4r#E (1000
rpm, 340 X h EFEEHRL, 1IN NaOH
0.1ml CRILZE LD, Bz 5¥EEH (410
nm, Hir £ 7 € — 4 100—607) CTHEIE L
7.

2. ATP MEB(C & B cell viability O Z{t

MikaA 2ed% %, pH 7.5 #7041k 8.2 Buffer
iR, ATP % ZFBEML CAET B Ltk D
M sE 23 JLAE L REB e L 7. s flifa o
viability % trypan blue % F\>7- viable
cell count ¥ X ©¥, regrowth assay iz X » #
A L7, RilaoigE i EEBEMEE C CBEL
fe.

1) Trypan blue iz X %#Ef

Clone-M3 fifiaa 1.0 ml o pH 8.2 ¥ =it
7.5® Buffer g1, ATP % jnz &Bfd incubate
Lic, €y 74 V7 THERLE. BEbi
0.5% trypan blue % jnz, IMERFHEMEAH
THika% % count L, £Mifaguc x4 5 trypan

blue BEPEMRaE GEMRED Obx % TaARL
7.

2) Regrowth assay iz J %kt
1) &k Clone-M3 g% pH 8.2 %7
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11 7.5 Buffer db, ATP ¢ 10 F 7213 20414
MBLER, 74 V27 EVERUCE, EO
sriE (1000 rpm, 3 43), kA 2[RV KL,
Ham F10 ic 15% KiiE, 2.5%MEFMEL
& PokrsEygh, T2RERS incubate 17z, NIH
3T3 fka, MEHMEFMI, ATP MEA 1T
> Th Mo EEEL Rchb®, ATP 4L
HhGEE Y 17\, & AHLRO B i T 48
HifH, incubate L7z, A:ffiflaf% count L,
ATP Fu3 o fiflag (control) w3 2 Ik
(surviving fraction) T/RL 7.

3. ATP LFERIOHADROKE

2-2) LE#w 1.0ml o pH 8.2 » Buffer
dr, 0.5 mM ATP ¢ 10/ f4LE U fifas B
L, 2E8E4E, PRz &1 2.0ml © Ham
F10+15% BIfE +2.5 % B4 © B5388%
1 x 10° & & = &, 72#R incubate L
7o, MR count L, ATP RME—PisE
Fl4gE s hnod Al B (control) k3% % % T
LT,

#* S
1. ATP [C& 3 EMEBOREREE(L
D BuEEEOW A REE Lok

a) Concentration of ATP and pH dependency

ek Total radioactivity

Efflux (cpm x 10/ dish)

1 1 1 1
o ol 02 05 1.0
ATP (mm)

O———0 pH75 @&———e pHB82

(GE12% %1% 1986)

[(*H]Juridine < #Z# L7z Clone-M3 flifa%
pH 8.2 #7213 7.5 ® Buffer th¢ ATP /L%
15 &, MFBEEEMEZE 2 ATP Rt
SRz b, pH 8.2 Tk, HHfaRDOREERT
WA E v 2 E MRS i L, Ea
ATP #psix, 0.5—1.0mM ©, FFhit
Buffer o pH ic{&kfE L, 0.5mM ATP T 154
pEes, pH8.2Ci1x98%, pH 7.5 ¢k 51%
OWEAHER I (Fig. 1-a). ik, G
R L BT EOWMHEE L ORI IEDH
Bz iR - (Fig. 1-b).

2) DPNPP Dk s e s Ui FEhk

ATP 1z X % Clone-M3 #ija ® BB 2L
i, MRSt b oz 7z pNPP oA, ks
RO L » T LR S hc (Fig. 2-a),
Clone-M3 izt 35 = D pNPP o k4>
ROBEINE, BB BB IRELE Lic
o REHER (Fig. 1-a) & X <HBEL, Fié
ATP BRIz 0.5—1.0mM -, pH 8.2
@ Buffer i B TEWRIEN A BRI
(Fig. 2-a). XLk ATP A7 o i fafk
ALy Ehrlich fifacd MR S hic
(Fig. 2-b). ZhboiEn»b, ATP kX %
SER OB E ST, WE O D A

b) Time course

E— Total radioactivity

Efflux (cpm x 1074/dish)

Time (min)

O———0 pH7.5'ATP(+) &———@ pH 8.2-ATP(+)
o Su— ¥ T (-) &==mmu 2] ” (=)

Fig. 1. Effect of ATP on the efflux of [3H Juridine labeled acid-soluble pools of Clone-
M3 cells: a) Concentration of ATP and pH dependency: Cells were incubated at
37°C for 15min in Buffer (pH 7.5 or 8.2) with or without ATP. b) Time course:
Cells were incubated at 37°C in Buffer (pH 7.5 or 8.2) containing 0.5 mM ATP.
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a. Clone-M3 cells

0.4 |
pH 8.2
—~ 03I
£
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e
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1 1 1 1 1 1
0 0.1 0.2
ATP (mM)

b. Ehrlich ascites cells

0.D. (410nm)

1 1 1 1

0] 0.2 0.5
ATP (mM)

Fig. 2. Effect of ATP on the influx and the hydrolysis of pNPP in a) Clone-M3 cells
and b) Ehrlich ascites cells: Cells were incubated at 37°C for 15 min with or
without ATP in Buffer (pH 7.5 or 8.2) containing 5 mM pNPP.

Tle{, MABBC L RRCEZ 22 E2HL
MEis ot

2. ATP (C k& 2 IEE{LMOESERAMEL

e ki e L NIH 3T3 fiffs, E% i
& UCRIRRREEE Mg VT, 1. &R SE
Ex#% pH 8.2 » Buffer & 0.5mM ATP % /§
WT fFote. 154 KIGHE:, Clone-M3 #HifgT
X ATP i 10.66%, HiRRN £ AIEEY
BD9I8Y DI AL e ek L, NIH 3T3
Tk 1.8, 36%, PAEMMAESMIE T 1,665,
19% & WFRDEMET, FEtAE i
EREBREYTH - (Fig. 3).

3. ATP ORBEHOILE AN (C R (ET

-2
IEE R L i35 ATP o R3EY O
HEY BRE T, Aer@Eo ADP,

AMP, adenosine, 3 f£x LD NaH,PO, %
A, =D SRR ERE T, MR ek
AR N5 Ml il L BRRETE
B OEGE % TR LI, TOME, UG
ATP CHERET, o W3 oIEFTR T
LZ Lotz (Table 1), L7255 T, ZDF
SBHEZ L ATP OBEBIEFHTH 5 2 LHVRE
Ihie.

4. ATP [C k3 cell viability ®Z{L

ATP B % 1T - 7= Ml viability o7k
%, trypan blue & H\T #{~X7k2y, [RFEAE

— 100 o -0
- Vil Clone -M3
o 7’
4 v/
80 [ /7
3 ,
3 7
8 /
= 60 | !
— /
9] //
SN
x 40 F _ .
£ i ~ NIH3T3
[}
w 1
20
! e Fibroblast
1 1 1 1
0 01 02 05 10
(mM ATP)

Fig. 3. Effect of ATP on the eflux of [*H]
uridine-labeled pools of Clone-M3 cells,
NIH 3T3 cells and Balb/c mouse embryo
fibroblasts. The total radioactivity of
labeled pools was 121,000, 102,900 and
151,900 cpm/dish, respectively. Cells
were incubated at 37°C for 15 min in
Buffer (pH 8.2) with or without ATP.

P JUHE L 7o fiffac ik, trypan blue % 447
RECTHWORATLIEDL THEEIRDD,
regrowth assay % 447> CTHE L 7.
Trypan blue [EEfifig X B8 M & RHRIC
ATP 2ERE, RICRE R 7 21hE WY
mlze. ¥iz, pH 8.2 @ &M @ Jins ikl
Jalt % < Bb R, ATP EHEID b O O
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Table 1. Effect of ATP and its metabolites
on the efflux of [®HJuridine-labeled
pools of Clone-M3 cells. The total
radioactivity of labeled pools was
112,100 cpm/dish. Cells were incubated
at 37°C for 15 min in Buffer (pH 8.2)
containing the indicated addition.

Additions Codish) | Taneio ool
- 10,500 9.4
ATP 109, 600 97.8
ADP 14, 200 12.7
AMP 15, 400 13.7

adenosine 12,100 10.8

NaH, PO, 17,200 15.3

ix, 6048, WFho pHizks\WTh 5 %L
TTHh-te (Fig. 4).

Regrowth assay iz L 2 #5584, trypan
blue % {7 & L AT, ATP TmBE L
M, TORERRE L, FABERRIE <
TR BT HEL, TS IE S he (Fig. 5).
CDRERI, BRABEWEOWHAZIRELE L
EFAE L DRBFER & b X AHBIL .

—7J5, NIH 3T3 iiifls, BaRMAMEZEMARTI,
ez k & Rk, ATP M X % HAEm
Hx & bDdThlieh 57 (Fig. 6).

pH 7.5

100 -

7% of trypan blue-stained cells

e
0 0 20 30 60
Treatment time ( min.)

(BB12% %1% 1986)

5. ATP (C& 3O ESHEL

37°C o 4&4+F, pH 8.2 o Buffer 1, 0.5
mM ATP Finto Clone-M3 HifanFags
WS CBET B L, BN 1 A LIl
FaDOREMEIEZ vk Ud, fkcon
FoHEfRZRE S B L, RO Bl oL
WIZERIR, IR &g 72, 1040ERT trypan
blue # Nz % &, L7 filgD —Ric Bt
sz shie (Fig. T-a, b, e, d). F7c,
NIH 3T3, fEffEsFmiaci, EiRoZkix
B cHlaoEEET b KEAEMIIE D bR
Tehs iz,

6. MESOHESHMRICKET ATP 0

2

ATP 2 X 5[50 D FiHE 7 b O # ik
B, HUERIO PUEE R BT A
=tL7-. 5-FU, ADM, MMC, ACNU {344
FEFID PSRRI\ T O FUEFIEE TR
Th, ATP CHUE 3% 2 L2 X b gy
mX i, Eiz, VCR CILMHBEIRAE 2380
Hi, VCR 2MEEEE IS 51T 56, FORE
IR LY. $7cb b, 0.1ng/ml o VCR
WV 96.2%, ATP MBI O TI1345.7% D4
FRTH -7, WEOHHC LD, EFEFT
33.4% L{ETF L7z (Table 2).

pH 8.2

o ® <}
3 3 3 3
1 T T T

7 of trypan blue-stained cells
8
T

1 1
(0] 10 20 30 60
Treatment time (min.)

&——8OATP (-) O——002mMATP &——A05MMATP O——010mMATP

Fig. 4. Viability of Clone-M3 cells treated with ATP using trypan blue. Cells were
treated with ATP in Buffer (pH 7.5 or 8.2) at 37°C.
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10min
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e
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4} o1 02 05 10
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20min

08

0.6
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0.2

-9

pH8.2
1 1 1 1
-0 o1 02 05 10
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Fig. 5. Regrowth of Clone-M3 cells treated with ATP. Cells were treated for 10 or 20
min with ATP in Buffer (pH 7.5 or 8.2) at 37°C.

10 min

T —
c
o
k]
] 08 |
bl
-
£ osr
2
>
B
3
N o4} O—————0 Fibroblast

———@ NIH 3T3
02 |
1 L 1 1
[¢} ol 02 05 10

ATP (mM)

20 min
c
k] -
= —e
Q
e o8l
b
-
£ oot
2
>
i)
3
N o4t O—————OFibroblast
&———@NIH 3T3
02}
I 1 1 1
0 01 02 05 10

ATP (mM)

Fig. 6. Regrowth of NIH 3T3 cells and mouse embryo fibroblasts treated with ATP.
Cells were treated for 10 or 20 min with ATP in Buffer (pH 8.2) at 37°C.

z 2®

Mgt ATP 23, BipMifao st s 2t
IRBI LT IREFTIRL WL ODOHEND
B0 Fi, RBmAcd ATP BEETS
ZEBAE, UHEMCINRTWLAY Lasl,
RIG&te, LEix ATP BER S ThEh
Bich, RIGEEOLEECEENERILEXR
PP IR T o,

23, B+ 5 ATP offHicouw
THDORGHHS, o3 s8R0E, &L
ERBEAD GOV TERCEE L.

1. ATP (C& 3 #MEaDE:EAM & viability
DE1t
ATP iz X % Clone-M3 #ifa o %@ EL
1X, ATP s bR s v, 10—154>
BT, X2 VAFF, 44 vicEOBTEEY
B 30E sea filast e i L (Fig. DD,
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a) untreated,

Fio, MRS S Izt ASRIEE BN O WE
(pNPP) ¢, R Mfapic A b 157 (Fig. 2).
Kisix, 0.1mM Pk ATP THEI R,
0.5—1.0mM 2 EHRETH - . T, Z
DFBUEZTLT, ATP (RN 5 F o)
BEYTITERZ Bisd o7t (Table 1), L
T ME— ATPyS N ERME(LE FET S
CEMRHER IR TVWAEY oz bz, ATP
D oy L) v EREDIKGM D, REIGICLE
THAHIEHRELT S,

o ATP fERE RUGBFRD pH EIREIC & 4K
17 L#. Clone-M3 fiifacix. 4AHEA pHIZ
KT GEARBRIA, 7AH VL b
RBREUENBE oo, ThODOERBILVTh
b, fliofEfilacRd bt ATP {EH & AR
THb, 46, Clone-M3 % X 8 Ehrlich J&
Mifad ATP BZtEant 2 &ML Zh

b) treated for 1 min,
10 min (staining with trypan blue).

d.
Fig. 7. Change in the morphology of Clone-M3 cells treated with ATP. x200

c) treated for 5 min, d) treated for

et

Rozengurt 5%, ATP i X % fifapd @k
BOUBEDO O LD ELTZO G Y B (T
T30 bt ATP iz X b 3T6 (&L
3T3) Ml % Tt s o, ATP %
Bz U ALEE MR % o 5 55 % ¥ b T incubate
B7°C) T5&, THOHCEDBENIEID,
AT IEF AT 2 L& LTV 5.

%213, Clone-M3 iifa% f\ THEZEBMED
JokE & cell viability oB§fk%, trypan blue
2T R BT regrowth assay 12 X
bt L7z, pH 8.2 7212 7.5® Buffer dn,
0.5mM ATP M LI HEDHBAEEYE
DWW HIE, MEAIlG O trypan blue BEMEER,
T FEIEIR O #5524 Table 3 1% Lo 7o,
trypan blue % H\ 72k & regrowth assay
12 X % cell viability fRBEDHERIL, TEHIC
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Table 2. Effect of ATP-treatment on anti-
tumor activity of various antitumor

drugs in Clone-M3 cells.

Cells were

treated for 10 min with 0.5 mM ATP
in Buffer (pH 8.2) at 37°C. Then they
were washed and incubated for 72 hr
in medium (Ham F10+15% HS+2.5%
FBS) containing the indicated concen-
trations of antitumor drugs.

Dose Survival rate (%)
Drugs (ng/ml)  "ATP(—) ATP(+)

(-) 100.0 51.0
100 93.4 50.4
5-FU 1,000 69.7 34.7
10,000 25.1 13.7
100, 000 24.9 12.1
(=) 100.0 48.1
1 70.9 35.9
ADM 10 32.6 16.0
100 27.0 11.6
500 2.5 0.5
(-) 100.0 52.1
MMC 10 66.4 35.8
100 24.7 13.5
1,000 19.7 10.6
=) 100.0 47.5
10 94.6 46.3
ACNU 100 89.0 40.8
1,000 20.7 10.2
10,000 16.9 8.8
(-) 100.0 45.7

0.1 96.2 33. 4%

VCR 1 77.2 26.9%
5 25.6 9.8
10 18.0 7.8

* Synergistic effect

4 X <HBIL, trypan blue ¥, Mifanie
TERRET AT i X b trypan blue %
B0 AARER TR L, ManxETL O
LEZBR.

Figs. 1,6 Wil Ld5C, R2VvAF Fig
EDEF B TTHE & cell viability o Tk
X QAHBE L7228, Table 3=k <, WwFho
ST CLMAEEE ORI, s
DOOEBFER I 0 b EVCEEA R L, AR
PEWEBIOERES Lo, DT LM
%, Rozengurt & 238 L7c ATP 1T X 5%
WA O LY & 5 Blguk, Clone-M3 ff
faze FC IR BRI WL T L, AR D
Bad s BEOMATRD bR HH, ABEFH
DELIL D - T, FEEAED JTTE L via-
bility DE TG [ER L T340 EEbR
7z, F7o, WPEEERIA X b BIIUE, e
BEN R A ATEEE L RE SR, FE, ER
fE e X 5 ATP o "Mk, CHO i
fachb R IR TV 5,20

=D & 5 /g viability DT OBEEAFEEL,
LA B NCIL T & fah » 7243, Chahwala &
1%, i, Friend FRAMA M B W T,
ATP A MR F@vE 4 JUE L, Afadsms
HT 2z ba2ADTEDY, FORERZE, HEA
K* offifast~ o g it X % b o LHEH)
LTL‘ ZJ 16)

Table 3. Correlation between permeability and viability induced by ATP
in Clone-M3 cells.

. L Efflux of acid Trypan blue Regrowth
Experimental conditions | ¢i1,h1e pool (%) | —stained cells (%) | inhibition (%)
pH 8.2 10 min 70.9 54.4 45.3
ATP | pH 8.2 20min 98.4 92.1 84.1
() 1 L 7.5 10min 29.6 10.3 12.8
pH 7.5 20min 55.5 20.4 34.0
pH 8.2 10 min 9.2 8.6 —
ATP | pH 8.2 20min 9.8 9.7 -
(= pH 7.5 10 min 8.1 4.8 —
pH 7.5 20min 8.3 5.1 —
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2. ATP (kiR &MBORE, SIUiEsl
DEAE

ATP A BHEEH 175 &, MiloiES
BEEDTUHE, LY viability o {ETFEE 5
CEERBIED, chbiiinz, XHIZHED
A L L BE S iz (Fig. 7). ZoZt
13357, Fiako cell viability o€ Tz X b
ZHLDEHER LA, ZOE(LAEEEED
JiiE, viability D{ETORE LY L FHICE
o TWBHERENS, 2L ATP L 3, X
DVEENERATH B EELZ DRI,

Ixit, Weisman 5% ik L 7= 3T6 Jja 3
A, ATPIR L9227 vAF P et L
BYE & I B4R C, Nat-K* Z@iZ b s 3
Niz kT AH, =7 VvFF FOMBasR ST
b, FL W Nat oA & K oo in,
BIOEBRGCOKTAEBIEZEEZADT
5% %o, Kitagawa B3, Mifaffes fk
BRI L T 2 HifaB ko BRERIC X b,
ATP R X 2 BB NI Wb 2 &2
HLTW5.20 Zoffl, ATP ik 5 EEAME:
DITHEC - Milay ATP 2MET L, Tk
R, MEEBCESEY 5252 LR LCH
EHELHH. D T HHDEEM D, BLAZ
DFRERZELDS, % 7 VA F Fig EOFEBHE
{k, O\Tik cell viability KT A#FFHE L
WBEEZIEINIELHTHS.

Fio, BEMENY » — VIS T ARSI
h, Ca?, Mg BLETHAHZ Lk <amb
hTWw3, o ATP {EAix, Ca?t, Mg 1
IOHEIhS Z LW I B o fifaofE

(F12% F15 1986)

BV, R I OEEMEMBADORBENS S
D Lo,

3. ATP ocB#F

ATP & X pfgfifan ik, £0 X 5 s G
BECIVASIR T30, BfEDLZ A
B ST, Bl S & S FRE RmEd
DEENG O HE IR TS, Th b DB
WA EEOMRL 4% Figure 8 ic 3 L w7,

4. ATP kROEMIEEY

ATP {EH OBk D 5 F D O Lo, JEM
et 2 RRER ST BN A, SRR
FW 7oA, Clone-M3 #ifacix, ATP
X b EW e EEbE O JUgE & viability O KT
2D B2 (Figs. 1, 4, 5), 3p@bailacd
% NIH 3T3 fifa, EWMachs~v 2ERE
BMEFME TR T OB LR BM T H - o (Figs.
3, 6).

NIH 3T3 #ifax, 19694F Jainchill Hic k
D, NIH 2 1 2 =7 2 fi VR RRHEEF e ST
IhicHT,® EFEMaoMEcdHh b contact
inhibition (X ff7- T\ %A%, aging 1 k& g
BT 52 L, KAMMK D ATEE 7z Miflnc B
5. Thdzic, T CERMAREIT
IR L, Balb/c < 2RI
MESEAIN & KB L 7e.

NIH 3T3 Ml & M RsMEE M0, 8
MEZE(L 38 L OF viability # il 5L, NIH
3T3 DM, BETIED 5,1 ATP T LEW
AR LIy, ZOENEBLOEEC L 5
L, OMEINTI ST (Figs. 3, 6).
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Permeability of nucleotides and phosphate esters( 1)

¥
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Fig. 8. Possible relationship among various phenomena induced by external ATP in

tumor cells.
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B, 3T6(3T3 » spontaneous transforma-
tion), SV3T3 (3T3 o simian virus 40iC X %
transformation), PV3T3 (3T3 o polyoma
virus | X % transformation), L929, BI16
melanoma, Friend erythroleukemia, 7¢ &
D=y A HRD EMlaA L o, CHO-KIL %
Hela ffifla‘s &, L OER, Eipfire & O Rig
L4 OFEMilac ATP OEHZRED b T
X5z 4o £ ¢, Clone-M3,
Ehrlich flifgic k\Cd ATP fERER I 1
7.2 Lo T, ATP i X A i s mik
e, b EBIE LcH LW EEAEE LT
HDATREMEA TR L TV 5.

AR R b K& I BEL, SHET0 B DR
% 0 CHIROBERE R0 1 FE & R AT 9 % BRI R B
NHB I LT, TDIDITERF CERHTH
AT, Mo MR RET 57 8D BET
BEh AT, SHFL D ORMOZA LIEET,
FLLTHMESY ALTITbhsDT, Ml
A ks % BEE &b FEIC il ST
Wb EEZDBRS. FELICHE S MfaEOZEL &
LT, MlaRmEOERSIUROMNE, Bk
HOVFERED B, HoEMORKBERCHT S
Bk DTUAE, RAHE, MIEEORER ESK
WEINT 3207 FRCER &L, M
NofEst RE OMEEATH D 7 4 7R K7 F VD
FEAS, MRS TR FLTW5Z L TH
5. 74 7 mEx s FALMIAORE, oMk
IO HIREHEREHEFERAL, ZhoEEL
fofEf i CU I B R R ORLFIZAAHAI & 7 5
CENR b STW5.E I RBOREN, B
W U7 X5 e filaAR R b M EY RITT L E
zZbhTwa, ATP (FRHO M kaf: 2k LB
HLTWBDOE Ly, i, Efillks
D ATP-ase, 7 r5 4 v ¥ F—+¥ 7 EORL
LI T 528, ATP fERH&ELE D
B 722702 D IC DWW T, BIEH B2
I Thigu,

5. ATP z AUk a0kt

FHLEBRPIC B\ T, PUEFIO MR
THENNBLEY S B2 L0, BIfFAOEND
L—oDEELFETHS. FllTHL LD

Z) 12)~16)

SERI IR R 2 15 5 fedic, PUEFIOFI
DTHRR, ARVIA—=YEF F—, 7T V/FF
svvvI, £/ 78 —FPikEBuicby
ik, BEWEE o LuRAASR eI h T
Z) A 31)~36)

EFx, ATP pOEiiac ERWCIERT %
BIZER L, REEREA~DILH O R & i
L7z, 4lal, Clone-M3 fiflaz T 1T-
fo in vitro © EE©, ATP 3L
FERPNC SR A TIE 8, I bIRMIEE)
BaRLI. UL, BERobuERE O L
BEwil, BRI o, —if
DFFEFITRD LB E L A » 7o (Table
2), ZOFRRELT, D BEHEAE O (i X
D, EHOWADLIL BT, RS ITHET D
DT, MEANO FEFIO RE L EF Ui,
2) Buffer » HLEZERKICH LB, $7obb,
ATP DRRFEC XY TOIEARER LI L
EmELBRD. L L, ATP &L b DHiE
Floo O HAZhEE, AR Sicuw ECb M
BT Dd b, ATP M IEF Mo LR Mz
b LU, A BEOHERITCRED HIE
P BhB Y, Lt TRERH
JEE WO ETERALEL bR, B, VCR T
THER R SRA B DR, FOFEIE VCR
PMEEBIC 7o 5T e BB L 7= (Table 2).
VCR OIEFIBERF L W E RO T L LY,
KD VCR ik, MEHRD F 2 7Y Vit
AELTEOEAXHET LI LAHMBAT Y
5.3 fih L X 51 ATP fERC I M E#
ROBENFEINTEY, FHELZ OHER
whiE, ATP X 2MilaEko FE L b
VCR 23D iR EEX TV 5.

B, ATP L »r =2 . ) vIIERITH S
trifluoperazine & % §fH 4% &, EHEAEMEZE
LR HER R I hsZ Eb@EIhTE
D, Z iR BT E, I BIREVERA
JhBE N EL B0 E I RS, ¥,
Kitagawa 5%, ATP = & % [EEBHEDOZE L
 FIHL, ARRIFEEEME © 3#H (ara-CTP ;
1-B-D-arabinofuranosylcytosine 5-triphos-

phate) Z B ST I AR B Z &
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R, FEHIfED DNA A5 0 ERIHEIC R
WL TN B & & BBREE.
CHECEHM L ATP @ X 3 5B 0%
1bix, MlEREFCHETS Z &R TEi\ w3k
Ay 7e Buffer rcBlZEI T\ 5%2%, fifla

DIER WA T % LS ATRE T B R &M T T

L, oo ATP AL EL 5%, +4
T EBEOZELNE LR, FEMC RO
Bl bRd T\ %, BifE/n ks, o ATP
DIERAPT R TOEMINT 2 b 5 0 EDEA
HTh s, BEiRTfiickv T, #

X
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FTTHT 5.
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BS80S, ¥ AR BN PR A RZERT, b
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WL TS HE BRI O LD BILHL B &
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