Enhancement of the Effect of Anticancer Agents
by Combined Use of Caffeine
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clonogenic assay (HTCA) (Z X 2FBRTI, #7 =4 > i3 4EEDO DNA SEEEFTHL, YA TFT
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D, ROENTH o0, HBEEREAVRVYRAZSF 2 D7 2 4 Y ORBHROBN T, v 2
TIF BRI N7 2 4 v R GRS € 7SS BB SRR £ 258 U 2 B A o R
59 2 BRI RHE IR L, MIAEE EORE X LT SR Y G/M O SR RE S iz, %
2, SPRBGRSFW LB E I, MIEOMA L (nuclear fragmentation) 2SERRICZED ST, & 5T,
BREEOCHEEAE T2 L EZ 0N A BINERUR - Fo Y ABICB VT H, EELEBERECEEDT
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CEFECHEE SN2 BB T A Z N, Ll ED—ETHREENTED, ZhizTELTHT 21
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Abbreviations: ANOVA, analysis of variance ; EDTA, ethylendiamine tetraacetic acid ;
FBS, fetal bovine serum; HTCA, human tumor clonogenic assay; OST, osteosarcoma
Takase ; RPMI-1640, Roswell Park Memorial Institute Media-1640; SPF, specific pathogen
free,
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X 2RNRME
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Fig.1. Methods for human tumor clonogenic assay of fresh tumor specimens.

Fresh tumor material and malignant fluid were obtained from biopsy, surgery or needle
aspiration. A single cell suspension was prepared by mechanical and enzymatic
disruption of the tumor. If the number of the tumor cells was not enough, the tumor cells
were cultured in RPMI-1640 medium with 15% fetal bovine serum until cell seat was
formed in the bottle. The tumor cells were harvested as refined single cell suspension by
trypsin and EDTA. The tumor cells were incubated in test tubes with drugs or control
medium for 1 hour at 37°C. The tumor cells were washed and plated in soft agar in 35 mm
Petri dishes. Caffeine (2mM or 0.2 mM) was contained in the top layer of double soft
agar. The dishes were incubated at 37°C in 7-7.5% CO. -humidified air for 2-3 weeks.
The number of colonies in each dish was counted under a microscope or with an automatic
particle counter and the percent colony inhibition was calculated.
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dishlED v =—EROFED oD 2T
fge L CTHTEMER oo =—h 7 v 95—
(Handex CP-2000) TZOEEEEL /2.

EEL BRI, ¥ A 75 F > (cisplatin), = 4
Fw4 > C (mitomycinC), 912707 + A7 7=
4 K (cyclophosphamide), 7 F ) 7 = 4 ¥
(adriamycin), £~ 7 Y 2 F > (vincristine), 2 ¥V b
L&+t — b (methotrexate) TH Y, masked com-
pound THE2HA 7974+ X7 774 Fig, EHET
# % 4-hydroperoxy cyclophosphamide % V> 72, 4l
BHOBEX, Von Hoff D FERICfEVE MzigEs &
NEBEORBEMAEBED 10301 L2, H 74
SOWEIR, 2mM ¥ 0.2mM &7, SIEHORE
il 37°C, 1BEREERRE L, 77 24 v i3EIEKI LR
HIC 1 RS X ¥ 2 CEEMEOA) L ElEE
B 1RRFEMR L D “EREREMO LB 7 2 A
YEBALIOH»S JEMBSREMI T2 HES L%
HZEL .

50% LA LD 3 0 = — RO IIHIHEEDH & LIS
BEMBRE L U, MEREDRRUHEINROEEI I,
Valeriote 5DEHEP R SE L L, BFOHERT-
REED 1 — (3 0= —HIHIEK) & IEAIBRLE I &
nEaonel —(2o=—HEFR) DB I D /NS VE
HERERZIEDH S &L, ®UCEORHIFEMSIR & Lz,
2, HEILHFABOBEEERTEICE, an=—%K%
AV THEEGHT (analysis of variance, ANOVA) @
% Scheffe DL %\, p<0.05 FHEL L
7.

2. 7o—%4 b2 MY —i2 X 2MRAROEED
&7

OST #R R U HT-1080 #k & vy, 1 X105 fE O ER
filg %= RPMI-1640 85 i # /& L, 37°C, 7—7.5%
CO,, RABTEIFIODIRRE T 48 LR OB, YA /5
FrE1TREBME gL o275 F v OBER,
OST #T 0.2 ug/ml & 2.0 ug/ml, HT-1080 #: T3,
20pg/ml 5.0 pug/mlZA Vi, 724 20d 2
mM OBEEFERAL, v 2755 1 EEMEEH
DUaid 24 BRI & 0 ReliEmh s ¢ 0, B MIaKOE
Bl Y A7 F o 5k S 24 BT 5 X1 BBk
MESR (hemocytometer) 12 TFTvy, BERERER %K
L R, I SE EOZ LA 7 o — 4 b A R ) —
2D DNA & R b 27T L% ROMBIFL 7o, Bethidkiz,
BEE#MIE 4°CH70%7 L a—1 T 304530 EESE
L, 1000 rpm 5 S3ELEEE D%, 500 ml DFEZKIZ 7 0
EXA 22 A 10mg & MgCl, « 6H,01.5g R¥5fE L
Ti% 2 — 3 ml AL 30 SR 4°C DW%EE A I %iE
TahgERG, £, BERHLLTIE=7 MY

FRIMERE AV, L —¥ i 457.9nm (Argon laser)
RV, LA THER, propidium iodide
Iml 22 3 58H 50388 a0 —REIc kD
FMET RS OMEENEE LT, Mo
HER, FYAYTL—rAuiGRERRERC LD
To7z.

3. IR (embryonated chick assay) = & 3%}
Rz

FiK1E, 1912 4 Murphy 2 & 0 BIS 3 120, 4K
DIz & D HIERIRZ AR, HEESIOR 7 ) —=y
7, BRREORBLEADGELWI L3 ERELT
ERALREL

F208 11 HE DI % candling L TER) L, #
REEOMEDNBEED TREROY I ) 2 HNT
lem ORE SICIIREMBLL., BETEDH 28R
BB EOT R & IR E O, KEhR
DI ANFLER, 2ONLE D KREOER2H
WAL CORE LSRR L 258 7218, TIRE L
FELTAIRERER LY. COBHLULEFRE D
MEDFEEL I L A1, BHEAEORR - MaDk
BEVGLET2EN CEESMMOT 7oy ) v 7%
BWTOSTHTIX 4 X10°{8, HT-1080 B Cix 5 X
WCEOMBEBELL. EEEEIAECE Y
candling ZfTLWIEDME 2 EHIRELZELL, 7
BT 74 v BB LY, 22230 F— VDD
ERBCTYRA77F v 5pg (REO0.1ml) 2510
2. ZOBRA» S, FEEMEBERL A7 214> 2.5
mg INERNIC 3 EMERRS L, BETHEH I
RELICEE L EBOBEE2HIEL, NEE LA
THMEEEELBEHUFML 2, k8, —DOBREI
WHUTHAE LT 10 HOBRBMEFEHEL, FHE:
HHLUCFHAi L, 7, SHEOEERSHRE I,
DRI D Scheffe DHE LB E X, p<0.05
PHEL LR,

4. =N VAR LIHRHE

EERICH W/ X — F v 7 X3, specific pathogen
free (SPF) D&M T THE & 7z BALB/C nu/nu
ThHY, 74V Vv —9—HNORE 25°C, B 55%12F
LT, BE Lk 252, AEH20gD
7T—8BASOHER—F~7 2125 xX10°/8 (0.3cc D
AEAEKEED) O OST > FLE T EEL,

1/2 X (RfF) x (ER)?

TR HEEBEEY 200 mmd figIC -7 L &
ATYATTF U 5H5B0id 10mg/kg #HEENES
Ufe, R CARMBI XD, #7 x4 > 1mg &R
THEBEENSRSH20widH 7 24 v 4mg OEA 3
HEEEA RS 21T > 2, mEELA 2 8% Battelle
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Bt b 1707, EHMOBEERECESBITOR
Scheffé DHE BB E M, p<0.05 #HE L L7,
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1. HTCA it & » ZBHBH c H 7 = 1 D HH
R

1. & bREESEdRc T 2 SRR A 7 =
1 v OHFRZIR

BREENERI L 7 7 = 4 > 2R 1 BRI 7248
B, WTFNOHRE T L HEMERRD R 1o,
Wiz, HiEFE 1 REEEAG Y 7 4 R RS
BRBEORRIOVLTH~NE, EXSHEEET S
ey ) RF L EBRRBREARTHE AV ¥
L= NTRA 724 REI2PBEBEIITZF OO G

Motz YAZIF BB T, o= —iMEx
25 OST ¥k T 11.8%, HT-1080 ¥k T 0 % TH 2 Dzt
LT, 0.2mM# 7x4 > DB TRL6L.2%:
13.9% 2 o = —iMEFEA LA L OST HTIIRSH
Bt 2 2HBEHRERDL. 2mM &y 7 2 1 >0 ff
AT, 5 0STHRIZKEWVT82.6% 2 u=—i
HIESFHIC FE L, B, HT-1080 % Tt 2mM
BT 24 rOEETI o = —iEIZE 100% & 2 0
RYUEBSTRETH o7z, 74 b4y CLAhT 24
Y OB T, HT-1080 #RoERHR 2RO 0, T4
bbH, 4 b4y CEBMTIE 2o =—{IHSEnn
50.4% % DIz L0.2mMA 74 O HET
80.4% Lotz 14707 xR T 74 NEMBLE
T, Io=—iFZEH» OST #T 14.2%, HT-1080
BHT8.5%THA2DIZIHLT, 0.2mMA 72420
BRATER27.8% L 56.2% 2 20 =— RN LR
L HT-1080 BT BE BT & 2 2 HRUR 2R
72.2mM A 7 =4 OFFATIE, OST#HTao=—
MBIZE 57.1% & BEMBMEL ko7, TPV T =4y
VAT 24 OHETIE, HT-1080 #RSREZ Rt

Table 1. The combined effect of anticancer agents and caffeine on cultured sarcoma
cells by human tumor clonogenic assay

Colony inhibition rate (%)

Drugs OST HT-1080
Caffeine, 0.2mM 9.2 12.5
Caffeine, 2.0mM 15.0 100.0
Adriamycin, 0.04 gg/ml 2.6 6.2

+Caffeine, 0.2mM 3.9 50.6** %

+ Caffeine, 2.0mM 14.2 100.0
Cisplatin, 0.2 ug/ml 11.8 0

+Caffeine, 0.2mM 61.2% % 13.9%* x

+Caffeine, 2.0mM 82.6™x 100.0
Cyclophosphamide, 3.0 xg/ml 14.2 8.5

+ Caffeine, 0.2mM 27.8%% 56.2%" x

+Caffeine, 2.0mM 57.17% 100.0
Mitomycin C, 0.1 xg/ml 7.2 50.4

+Caffeine, 0.2mM 8.2 80.4*" %

+ Caffeine, 2.0mM 8.8 100.0
Vincristine, 0.01 xzg/ml 2.8 92.9

+Caffeine, 0.2mM 6.4 95.6

+Caffeine, 2.0mM 12.1 100.0
Methotrexate, 30 ug/ml 9.3 18.3

+Caffeine, 0.2mM 9.1 20.4

+ Caffeine, 2.0mM 17.9 100.0

¥ synergistic effect

*, p<0.05; * p<0.01 vs without caffeine by ANOVA followed by Scheffé’s multiple

comparison
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poBEIC L AMEEMRERD . $hbE, TR
Fod vy BT a0 = —EIE 6.2%% DIz
L0.2mM A 7 =4 > OBBATH0.6%E R0 &
f2, 0.2mM A 7 x4 O BRMMNE TIEOSTHT
9.2%, HT-1080 # T 12.5% M 7 u = —|i#| & % 23
», 2mM # 7 =4 > O EIME TIE, OSTHT
15.0%, HT-1080 #T 100% D 2 v = —#N&|= %
72 (F1).

2. b bABEIZT 2 BHEHER L 2 7 2 A L O
RS

b N ARESREMEOSS g, FHEEER
TESATE FABICETLEY 2 YR F Ay
P FE—bOBREA T A vICEDEEREsAL
ot Y AT T F o BIHLE T 18 ik 5 ddiks
BRUEBMETH 728, 2mM & 7 x4 > ORI &
b 18 Wikp 14 MK (77.8%) ICHIRMR 2D, S
b I3 MESBEEBE L 2 00 —EERERL
2 E272,0.2mM A 7 = A COFFFEIC & D HERSE S
41 L HEIRIR £ 3 MRICERs e ([2-A), =4 b
<4 ¥ COBMALE TIT 18 AR 4 RENBRS M
BHTH-M2, 2mM A7 =4 Y OHEBEIZ LD 184
ik 8 Mt (44.4%) ITHEFERDE, 1 Bk iCHEIIRIE
20, O b 8MEIEBHBIEE 2 % 0 0= — i
BxmL7 0.2mM A 7 x4 > O Tk 3 ki
HRZE, 2R 2RO (®2-B). ¥4
70747 7%A FOBEMMLE TIE 18 A 4 4%
BHRBEUBETH o728, 2mM A 7 =1 > O
kD 18 Hafkrh 8 Mtk (44.4%) IHERBIE, 1k
CHRIMRIR 2D, 55 TRENBZMBIEE 25 2
oo—iHEE R LA, 0.2mM A7 =4 > OBET
B AREPHEEDR, 1 RESHNIR 20 (K
0. 7RI T Ay OEBUILE T3 18 ik 58
BHBEZMEMETH 7288, 2mM & 7 =1 > DHFE
&0 18 4k 6 Mtk (33.3%) »SHEERMRE T,
P QRSB HERBME L 5 20 = — %I %5
L7z, 0.2mM A 7 = 4 > OHF T AERSE » 43
R E 2B DT - (K 2-D),

L. YRTS5Feh7z4A - DHBIZ L 2 MBA

HAnZE) & 1ERE R

OSTHRIE, > A7 FF L RUN 7 = A v EHUEBT
ZIBIEINGEH R 2 Fed 2 v o 723, FIE OB TX8H
L AR R K OB RGNS % 30eb 7. SHBHE s
KB 5 OST HIRE D MBS M40 30 BFRE T 5
B, Y AT T F & | BB R S 200 24 BERE
& DA T x4 IR S € BT, 48 BIE
D BETEITAIRI R 2 EB T 2 0, AR & SEER L T 96 B
B#HIZI202ug/MOYATFSF> 2mMA 7«

1Y DHATE3%, 2.0ug/mM DI RAFSF o bh
7 x4 X OHFRATIARDOMEIZIRERD, &5i122D
HE 1 EME I total cell kill ASER S 7. RS
BRMDOLEENL, 77 =4 Y EBLBTRIELR L,
AT F L EMPE T 0.2 ug/ml OIS 24 FEE
%, 2.0 ug/ml DIBE b 24 BEEZIE SHEE» S G,/M

A)
2mM caf non- 0.2mM caf non-
CODP senSitive | (o civive total COOP SENSILVE| (o ciive 1otal
0000 000
sansitive [e] 5 sansitive (¢] 5
2000|6000 900 [0AAa
non-sensitive |0 @O @ 13 non-sensitive Q000 13
L e]e]
total 14 4 18 wtal 8 10 18
B)
2mM caf . non- 0.2mM caf - non-
MMC sensitive| .o civive otal MMC sansitive| oo civive total
[ ] lele} A000
sensitive 4 sensitiva 4
00980|0A00 e ®A00
non-sensitive | @@ OOCOO| 14 non-sensitive 0000| 4
Q000
total 10 8 18 10181 6 12 18
(&)
2mM caf .| non- 0.2mM caf non-
cPM SONSILVe [ (oo ciive total cPM SANSILIVE | (o cicive total
[ L 1 Jo] 8900
sensitive 4 sensitive 4
[ 121 I FNelel [ ] 9A00
non-sensitive |OO 0000} 14 non-sensitivs 8888 14
(6]
total 10 8 18 total 5 13 18
D)
2mM caf non- 0.2mM caf . non-
ADR sensitive | oo ivel 008! TE’N sensitive| oo vive] 08!
[ 1 X ]e] A000
sensitive [e] 5 sensitive (o] 5
e ©000 [ ] 0400
non-sensitive QQOOQ| 13 non-sensitive 000Q| 13
Q00 [e]e]e]e]
total 7 11 18 total 6 12 18

Fig. 2. The combined effect of anticancer agents
with caffeine by human tumor clonogenic assay.
A), effect of cisplatin with caffeine ; B), effect
of mitomycin C with caffeine; C), effect of
cyclophosphamide with caffeine; D), effect of
adriamycin with caffeine. With the addition of
2mM caffeine, cisplatin (0.2x4g/ml) showed
marked synergistic effect in 14 out of 18 speci-
mens (78%), mitomycin C (0.1xg/ml) in 8 out of 18
specimens (44%), cyclophosphamide (3.0xg/ml) in
8 out of 18 specimens (44%), and adriamycin (0.
04ug/ml) in 6 out of 18 specimens (33%).
Individual effects are illustrated by different
symbols: ®, synergistic effect; A, additive
effect.
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e h T TOERSTZO o, YA 75 F > 1M
BMERLID A7 o 4 v e REEME LG8, 2
DSH» S G/MBEr T TOEENBR I
(E3). B0 4w 96 Bl OB A AEZBEME I & 24
LR R LI, YAFSFeh7 24> OHB
THEAARSIR B R IEIZIR (388 & 2T h D BIFEH
fab EHRTRERD .

HT-1080 5k Tid, # 7 =4 YRV 2.0 ug/ml ¥ 27
ZF 0 BIHMAE CHBEIMRZREEEDT, 5.0ug
/ml ¥ A7 Z F O BEIMIE T 96 BRItk 51% D41
HIZNEERDT. HT-1080 % T OST #kRIKEI & X
FIFreHn 7 A4 v OMATERLBERMRERV
WM& RhR 2 R, HT-1080 M O SR (27
W) RELZ - 48 BERIR & D HAISHR A HITE LIRS,
TR L HEE L T 96 BEREICIZ 2.0 ug/ml Y R TS5 F
YeHT A Y OWHRAT61%, 5.0 ug/ml VR TFSF
YT A YO T 88BDMFINTD St
HAROEENZ, 2.0 ug/ml DY A 7S5 F » TRERSD
MG, 7oy 2, 50ug/mlDYRATF5F>Ti3SH
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ZD & D WA RN R B U EREIN AR 238 & H iz
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I, BIKICE AL RTIF AT oA OHA

BUES

OST#Tld, ¥ A7 55 BIMRET22.9%, #
7 x4 YRS T 2.6% 0 EEEIEINEIIE 2 R
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Fig.3. The combined effect of cisplatin and caffeine on OST strain.Caffeine enhanced the
effect of cisplatin when S and G,/M accumulation was reduced on DNA histogram.
A, caffeine (2 mM) ; B, cisplatin (0.2ug/ml); C, cisplatin (2.0zg/ml); D, cisplatin (0.2ug/
mi)+caffeine (2 mM) ; E, cisplatin (2.0xg/ml)+caffeine (2 mM); F, cisplatin (0.2xg/ml)+
caffeine (2 mM) after 24 hr; G, cisplatin (2.0ug/ml)+caffeine (2 mM) after 24 hr.
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0. BELCEE~BEBEICHIRIE LR L (p<0.01),
HT- 1080k TH v A 75 F > B 5 T 4.2% D 1
BIBER, # 7 = 4 v BB ES T 27 A%0IMEIRE %R
Wiz, WHE OIS L D IEIRIE 58.4% & %%
DEBICIHIES EE L (p<0.0D)(EE2). &5,
EREAPBIRROBEESIIE LAY R, BT
BlLBb D07z,

V. I=F3I9RFILLBRTISFLehT7xA

Y ORMR

Battelle Columbus Laboratories Protocol 129 -
e EBEERL OB TR, YA 79+~ 5mg/kg
DHEBEES CERYIEENENED SR hoizh, ¥
AT7F 5% I V724 4mg % 3 HEER
BEARE 2T B SHENEREEL A 42.9% &
Bl g, VAT IF Y 10 mg/kg DEMBETY
P EEERLIL 25 8% Chokds, #7242 1Img
7 HMEBEERRESOHAT12.0%, #7 x4 > 4

[

)

Fig.4. The combined effect of cisplatin with
caffeine on OST strain 96 hours after treatment.
a, 2.0ug/ml cisplatin; b, 2mM caffeine; c, 2.
0ug/ml cisplatin+2mM caffeine-There were
degenerative changes in tumor cells by combined
use of cisplatin with caffeine. (X400 by phase
contrast microscope)
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mg 3 AMEEBEMENEEOMHETT.6% k-1 %
HliER E R & CEEA MO LK T L RBEOBRT
HD, VAT7F 5mg/kg DEETIE A7 24 >4
mg % 3 BEERBEEARS LBEL, YATI7F
>~ 10mg/kg DBRETRH 724 > 1mg % 7 HEE
AN BRESERUY 724 > 4mg % 3 BEEDEE
NS LBECERCREERSEEE L
<0.05). #7, IITCHBELEZDEBEETHEN

2EBOBERUVEBREEOEENIIZEREHTIE L
AYEEESEOoNEL o (R3). LerL, #
7 xAd vERE, REFEROLHOX—F2YADE
Bt BE L 0 —15%, 9 11.8% DIKERD »FE D
¥ (A

& %=

UHETIREZED H 5 ERORER RS L BIER
OEFAEZEAE LT Hamburger & Salmon 2 & - T
FFE & iz in vitro BIEFIRZMHEBETH 2 HTCA
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*EUBRMERFCHLCCA LR 2ELR T
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Fig.5. The combined effect of cisplatin and caffeine on H'T-1080 strain.
Caffeine enhanced the effect of cisplatin when G, accumulation or S and G, accumulation

was reduced on DNA histogram.

A, caffeine (2 mM); B, cisplatin (2.0ug/ml); C, cisplatin (5.02g/ml); D, cisplatin (2.0ug/
ml)+caffeine (2mM); E, cisplatin (5.0ug/ml)-+caffeine Fi 2mM); F, cisplatin (2.0ug/
ml)+caffeine (2mM) after 24 hr; G, cisplatin (5.0ug/ml)+ caffeine (2 mM) after 24 hr.
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Fig. 6. Nuclear fragmentation of tumor cells (OST strain)

2 b D THE, 2780 DNA SRBEEFER2TT
FIEF EEENR 2T b OIR 4 RE, 1EE
DNA &rfHEMER 2R3 HIEH L BEME 2Dk
LDTHRIETH 7. DT emd, A7 x4 VizHEL
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AREMED H B Z LT E R, BiL, YRS F Y
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Eiz, BEBEZUNEUETH- VDRV RATLSF
v 5RIE, A MR Ay CARE, A 70T xR
774 P ARE, TRITRL Y5 RBETHH7
B, EDIBImM A7 A OHBCELD Y ATSS

a, chromomycin A;-+propidium iodide (X600); b, Papanicolaou
stain (X 1000)-Nuclear fragmentations of tumor cells were frequently
observed when caffeine produced synergistic effect with cisplatin.
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Table 2. Antitumor effect by combination with cisplatin and caffeine using Chick Embryo!

Human osteosarcoma (OST) Human fibrosarcoma (HT-1080)

Tumor weight Inhibition Tumor weight Inhibition
(mg, MeanxSD) rate (%) (mg, Mean=SD) rate (%)
Control 49.8+24.9 77.7%£40.4
Cisplatin? 38.4£26.5 22.9 74.41£25.2 4.2
Caffeine?® 48.5%38.4 2.6 56.41+26.3 27.4
Combination 21.6%11.9 56.6™" 32.3%13.3 58.4**

1) Tumor cells {OST, 4x 106 cells/egg ; HT-1080, 5x 10° cells/egg) were transplanted onto chorioal-
lantoic membrane of 11 day-old chicken.

2) Cisplatin (5ug/egg) was injected to blood vessel on chorioallantoic membrane 3 days after tumor
transplantation.

3) Caffeine (2.5mg/egg) was injected to yolk sac once a day for 3 continuous days after cisplatin
injection.
** p<0.01 vs. without caffeine by ANOVA followed by Scheffé’s multiple comparison.

Table 3. Antitumor effect by combination of cisplatin and caffeine using Athymic Mice!)

Tumor doubling time  Tumor, weight

Spleen weight
(day, mean£SD)  (mg, mean+SD)

Body weight  Relative tumor
(mg, mean*SD)

(g, meantSD) weight ratio(%)®

Control 2.74%0.029 1980400 191+3.12 22.840.35 100.0
Caffeine, 1mg? 2.75%0.046 1850100 173%£7.62 24.2%1.04 95.9
Caffeine, 4mg?® 2.8410.035 1800230 192+6.52 23.520.92 83.9
Cisplatin, 5mg® 2.64+0.038 1980+380 188+8.25 23.7+1.31 105.4
+Caffeine, 1mg?® 2.90£0.041 1468+ 292 180 4.62 23.6£0.49 91.8
+Caffeine, 4mg® 3.10+0.062*  1320£365™* 194+5.07 21.8%1.67 42.9
Cisplatin, 10mg? 6.65+0.041 55040 183£3.02 22.6£0.60 25.8
+Caffeine, Img? - 285135 192£6.10 21.9+0.83 12.0
+Caffeine, 4mg® - 153449** 189+5.72 21.2%0.98 7.6

1) Tumor cells (OST strain, 5X10°¢ cells/mouse) were transplanted into the back subcutie of 7~8
week-old athymic mouse.

2) Caffeine (lmg/mouse) was injected into the peritoneal cavity once a day for 7 continuous days
(after the cisplatin injection).

3) Caffeine (Img/mouse) was injected into the peritoneal cavity once a day for 3 continuous days
(after the cisplatin injection).

4) Cisplatin (5mg/kg or 10mg/kg) was injected into the peritoneal cavity.

5) According to Battelle Columbus Laboratories Protocol.
* p<0.05: ** p<0.01 vs without caffeine by ANOVA followed by Scheffé’s multiple comparison.
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Abstract

The therapeutic results of treatment for malignant bone and soft tissue tumors have been
remarkably improved in recent years. But the overall therapeutic results in treating
sarcomas are still not satisfactory. The role of chemotherapy is important in treating both
micrometastasis and primary tumor. Therefore, it is necessary to increase the effects of
anticancer agents. There have been several reports that caffeine has a DNA repair-inhibit-
ing effect and that it increases the effect of DNA-damaging agents. In this study the
combined effect of anticancer agents and caffeine on human sarcomas was examined with
various assay techniques. In human tumor clonogenic assay, the combined use of caffeine
produced synergistic effects with four DNA-damaging anticancer agents (cisplatin,
mitomycin C, cyclophosphamide and adriamycin). Particularly by the combination of
cisplatin with caffeine, marked synergistic effects were observed in 14 out of 18 cases
(78%) of fresh human tumor specimens. Caffeine markedly increased the cytocidal effect
of cisplatin following mitosis. At thah time, the accumulation of S and G./M phase was
reduced on the DNA histogram. Moreover, nuclear fragmentations of tumor cells were
frequently observed. In assay using embryonated chicks or athymic mice, the combination
of caffeine and cisplatin showed prominent antitumor effect without significant toxicity.
These findings suggest the possibility that caffeine could be a useful drug capable of
overcoming the limitation in chemotherapy of sarcoma, as caffeine enhanced the effect of
DNA-damaging anticancer agents.




