A Fundamental Study on Cytotoxic Effects of the
Combined Therapy of Hyperthermia and
Chemotherapy on Sarcoma Cells
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Fig.1. Methods of thermochemosensitivity test for bone and soft tissue
sarcomas.
1. Established cell lines were kept in RPMI-1640 medium with 15% fetal
calf serum (FCS).
2.  Fresh tumor specimens were obtained from biopsy or surgery.
3. A single cell suspension was prepared by mechanical and enzymatic
disruption of the tumor.
4. The tumor cells were cultured in RPMI-1640 medium with 15% fetal calf
serum (FCS) until a cell sheet formed in the bottle.
5. The cells were harvested as a refined single cell suspension by trypsin
and EDTA.
6. The tumor cells were incubated in test tubes with or without drugs and
heated by immersion in precision thermostatically controlled water bath.
7. The thermochemosensitivity of the tumor cells was evaluated by human
tumor clonogenic assay.
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Fig.2. Survival as a function of duration of

heating at 37~45°C for sarcoma cells heated
in vitro without drugs. (a),0ST; (b), HT-
1080 ; (c), S-180 cell line.
The percent survival rates at each tempera-
ture represent the means (+SD) for five
individual experiments and are illustrated by
different symbols: O, 37°C; @, 38°C; A,
39°C; A, 40°C; O, 41°C; B, 42°C; X, 43C
O, 44°C; @, 45°C
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Fig.3. Arrhenius plots of OST, HT-1080 and

S-180 cell lines from the survival curves
shown in Fig. 2.

The t, value is the exposure time for 37% of
cells were killed.

O, OST; %, HT-1080; &, S-180.
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Fig. 4. Survival as a function of duration of

heating at 37~43°C for sarcoma cells heated
in vitro with ADM. (a),0ST; (b), HT-1080;
(c), S-180 cell line.
The percent survival rates at each tempera-
ture represent the means (£SD) for five
individual experiments and are illustrated by
different symbols: O, 37°C; @, 38°C, &,
30°C; A, 40°C; [0, 41°C; B, 42°C; %, 43°C.
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Fig.5. Survival as a function of duration of

heating at 37~43°C for sarcoma cells heated
in vitro with CDDP. (a),0ST ; (b), HT-1080;
(c), S-180 cell line.
The percent survival rates at each tempera-
ture represent the means (+SD) for five
individual experiments and are illustrated by
different symbols: O, 37°C; @, 38°C; A,
39°C; A, 40°C; (O, 41°C; M, 42°C; X, 43°C.
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Fig. 6. Survival as a function of duration of

heating at 37~43°C for sarcoma cells heated
in vitro with CPA. (a),0ST; (b), HT-1080;
(c), S-180 cell line.
The percent survival rates at each tempera-
ture represent the means (+SD) for five
individual experiments and are illustrated by
different symbols: O, 37°C; @, 38°C; &4,
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Fig.7. Survival as a function of duration of

heating at 37~43°C for sarcoma cells heated
in vitro with VCR. (a),0ST; (b), HT-1080;
(c), 5-180 cell line.
The percent survival rates at each tempera-
ture represent the means (+SD) for five
individual experiments and are illustrated by
different symbols: O, 37°C; @, 38°C; A,
39°C; 4, 40°C; [0, 41°C; &, 42°C; X, 43°C.
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Table 2. Percent colony inhibition rates of clinical specimens in each drug and
heat (mean=SD).

Control(37C) 42°C 43C
None 0 26.7+15.8" 43.7+23.37 "
ADM 34.54+20.7 53.0+22.1° 66.9£23.4"
CDDP 36.6+22.1 62.1+14.5" 74.3+15.9""
CPA 38.3+23.8 61.6+15.9" 76.0£11.7""
VCR 26.5+18.4 45.6+14.7" 60.0+£19.8" "

* p < 0.05 vs control; +, p < 0.05 vs 42C by ANOVA followed by Duncan'’s
multiple comparison.
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Fig.8. Correlation between the percent colony inhibition rates of clinical

specimens in each drug at 42°C and 43°C and those in each drug at 37°C.
(a), ADM; (b), CDDP; (c), CPA ; (d), VCR. O,42°C; @, 43°C.
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The combined effect of drug and hyperthermea.

The percent colony inhibition rates observed in each drug at 42°C or are
compared with the rates expected for the independent action of each drug and

hyperthermia alone.

(a), ADM; (b), CDDP; (c), CPA; (d), VCR. 0,42°C; @, 43°C.



984 #

93.8%, 26.5+18.4% TH b, 0% U EDOE 2 T
M= T L0k ADM 1 (3.7%).
CDDP 2 #fk (7.4%), CPA 4#{k (14.8%),
VCR 1HiE (3.7%) TH 7. ERAEHRCIL
S ERE L SIER S L U O ARETIE CPA 2
BLBZUESE».
—HEREMTORENE»5 b, 42°CINE, 43°C
MmMBwsdsao - —HRIOFHREIEL26.7TL
15.8%, 43.7+23.3%TH D, 42°Clz~4FCizB L
TEBCESESED o7 (p<0.05). £7270%LL
Oous—HEIEEE R0, 42°CIIERT 0
% (0%), ACINET 3Rtk (11.1%) ThoT:.
B EBRIGRORSMH A B £, 42°CINRL
ADM, CDDP, CPA, VCR DRz k520 =—
TR &I, &4 53.0122.1%, 62.1+£14.5%,
61.6+15.9%, 45.6+14.7%TH D HHIEH L b IR
HEMOEE L EAERE W 7 0 = - RS E
%57 (p<0.05). 70%LLED 3 1= —FRINEIE %
FL7-0ik ADM 8 #ik (29.6%), CDDP 11 #ik
(40.7%), CPA 12 #fk (44.4%), VCR 1 itk
(3.7%) TH-iz. £1z43FCHNE & HHER L OHAT
1z, ADM 66.9+23.4%, CDDP 74.3%+15.9%,
CPA 76.0+11.7%, VCR 60.0+19.6% TH h &BHlE
# L b EBEIEMOBE L, 72 ADM £ER< 3
HITIXACCINE c SRR OBE L rELZETNE
Fir oo = —TRIMEELE £ -7 (p<0.05). 70%
BlEna o =—FRiNEEE R L 20k ADM 16 &
k (59.3%), CDDP 18 #fk (66.7%), CPA 22 #itF
(81.5%), VCR 12 #ifk (44.4%) TH -7z, HIHEH
BB L, 42°C, 4F¥COREA - HEHI 2 HtH L
&0 3 0= —HRINEE 2 EREECHBRL O
e Thsd. HHBEAE L VIELAYOBRECBVTE
%Kibﬁﬁﬁﬁgiofwt.~ﬁwm%%mom
TIE 9 DL, 42°C, 4FCORB L HIBAIE AL
FESEBWT, ZTOMREISERER I < IR
BO&TH 5 LRELBEO 2 o= —FRIIH=RE
LR OE L BARREICHEE L 7. # ORER, 42°CINE
rEBROMBACE O THRESR2EL L0
ADM 9 itk (33.3%), CDDP 15 #ff (55.6%),
CPA 13 #fk (48.1%). VCR 3 #fk (11.1%) TH
D, AZCHMER & IR L OFRIZ B THEMR 25
®7:bOlE ADM 18 #fk (66.7%), CDDP 20 #fk
(74.1%), CPA 21 #itk (77.8%), VCR 8 #{f
(29.6%) TH-o%. 2 HEEHRIE CDDP,
CPA 2B WT, £7:42°CX 043°Clc BV THRET
Hoil.

i

% =

SEEE, oS Ic X DBAOHMIR RT3

MR SERMICTEN D L IR D, iz
CCdd*C ko 7o AMRIER AT AR 2 BT, B
MESTEMEL D LRABRZTEIG LV IH
g gse x . % 72 Woodhall 52 Crile® iz &
0, BFTINR & LFEE H 5 R BEHRRE & OHA
THEBMES ARBRANREI L. DT
Cavaliere 5™ iz % 0 OB HER T 2 MRM
WERC X IERRSEM L a0, Stehlin® 2 & b
melphalan & MBI # O AL CELERAE
T B BN EERESERE s . T TREE
BREED—D b L TRARESER s, ERNE
FREFESBEAIThbN S &I K> TER. £LT
B, EEsR, wREREROCHRETAkEND
255, L LERARMERTR, HROBHRNAR
WL TR IR L WiERE L LTHERYA
nefTnky, ZOKRKERERELTRO IEASE
Fonz., OEEOEEETCIEHNEDELREALE
Wiz, BRI & 2 B ERERER & THAMCR
Earwnor, OFBEARTRMELSIFE LRREZD
20BN ELL—ELBHMRECHERTELVL L
r, QUEEOBHREAE REMAEHDV L, £ ORE
BENE L CERBMEERZERC OLWTOERT -1
R O BBV OO B R 2 5 CICHRIRIRE D
BHTIL—EEEA TV INBE Y, BEFEDA
DRI Ch o Z A EThHD. — I BREA
BORERE L, BEOBRNLFEREOEACLY
RECHEBELDDOHD LRV Z, BEERENATVS
sEH S F ORSRTIE AR BITRIE L EE TS
CEAVEFIZEZ V. £ I THREOREROMR
roEMmE e s FEOHEEMNTEINT RS, TD--
ik e U THRAHEREH &1 o 15 p BB IA g i
EHEARHFIIED b DA F WO O THAE L L THEH E
DT E L. 7 0T, BEEE, BRobERRk
HR L BB EEE S BHAMICEAT A0 6
HEThH»9 .

3 DU O BRI T 2 IR ML R
%m%féﬁ&%ttf,%@mﬁmmuﬁféﬁﬂ
re 5 T IR B & B EIGEE O PUEB BB IC D THEE
%m%%ﬁot.ifmﬁﬁﬁwﬁﬁ%%%%mﬁT
%tww.ﬁﬁwﬁﬁwaﬁﬁﬁSEwNLTMMﬂ
|E TV 2 OHRETEERDL. AL DR EE,
ﬁﬁtﬂ@i#%@@%%ﬁfﬁét,sﬁﬁMt&
m&ﬁﬁwiﬁ,MEﬁﬁwﬁﬁtt%mmm$ﬁ$




PRI R 0 B B - (LA A 985

AEFLZ. £722 38D Arrhenius 7o v b 20T
BHOBRMABEMEHE L CAH L L, OST f &
HT-1080 #¥RIZE~ S-180 ¥R RS M I (B v 45 51 &
otz DFEDMMERICL DRI T 5 EESENR
#-7:. Raaphorst »"™ (3 7 @IEMBAtk Iz T, & 7-
Miyakoshi™® 12 4 FEREMIREM - T/ 2 BBV » T
HLUHBESEEICB D TENH L I EERELTVLS
», NEO SHOMTOLRAIL(ENDZ L RS
7. F-MOREEMEY%ED Arrhenius 7o w ¥
HELTA 2 ERELRELOERITZD SN -
1z,

BREREOREBELEBEDHREC>VL TR,
Muckle 5, Overgaard®, Hofer & *|3{B5E8#2
BOWTEREC L 2RI X v 22N biEEHs »R
O, MEBBEDOA 5N 5 REHEE L T41~43°CH i
HL T3 . £/ Miyakoshi 528 F+ f ==X - 1
LAY — V-9 MO EFRIIAFCEBZ 5 £ B3I
TRETEELTW5. EEORBMIIOEET LIRS
BZMHIZAI~43CTERTH - 7. R BBEEDS
PHREREHIC DOV TR, FHY 344 CIIR~ Y 2D E
B CIMEFRFELC Y 3 = v 2 o B O FR s 7 v
EREE I L 2858, HEOLH Y AZBRARE S
LIS ol b MELTLD LT, EFICEGH
TELEBEEL L TIRCUERTEYTHS. L
fedt o T, WMBEVEERIE MR IR~ D BB Y T Y
ThHhos—FRETMENTITONIRETHS. IDk
JkEn s, REORMEEL L TOEREERIEL
H~AFCHEHREEZ S,

HREA OB EBRIC L > THEBS W T
MEWVD ZERKRERKODH S, - BELMETH
5. BEIEBUHAHETHA L TV 2REN» DR
HOHL 2 HEH 4 F 2RO TRET L. D% 0 PiE
HEmED ADM, H&b&%o CDDP, 7o %1
{k&D CPA, #8171 % o 4 FHFIO VCR »it
KB 2 b S SO REMIIC BV TS E &
DI e LHASRART A OLTHRE L. &
A, BUHII C & BRE (37°C~43°C) TN
(B053~2405%) i ERE R LB L Chl. 7
DRERIT 3, A/ &, GHFRRIBEIRS 2 3R
Muzkbox, W% £ ORI U 25 aaE LS A o o
B e b ol ERnE T L., ShiETK
Hahn 5% a2 ¥ —fifg1z 55 5 ADM o) %5
%, Nakajima »* $ b b BEMEME N T 2
CDDP %1%, Urano &3 < w7 A S AN 1 0 +
5 CPA OB EBRBPEL T 20, EZEORBRT
bIAME 3 HRIC T 4 FIO B EVL Rk O BRI AR AR

ENTz. E72 2 OFRZIR AR & D HE R
ZODEHET S0, FABONKREEEL 202
NEBOBEOMIBETER LB L 2. 208,
ADM, CDDP, CPAD 3HITRMEFEHENED S A
7z. VCR TIZMEEZIRZED sz s o - h4EMm%
RERDI. ZOHEMROBFE L LTI, DNA I8
BT o HIER BB OMHEERSTET 3 2
&, BB XD MR OERME AR & b MR P
BESRE2IL, bBLIEEENIZ L% DNA 847
W OBERENRBC L VEESRE I b o nE 2
SNBPR. —F | HIEH L DEBEDROHIEE
WOWTHRE >R E -7, £9 ADM Tit,
OST #&, HT-1080 #kiZ T40°C6043 LARE, S-180 #kiz T
39°CO05> LABARERNR 2580 Tidv 2 4%, MBEEER
0% AT DEBHZAHRINB oM T 2 Dix, OST #
TI343°C6043 LA, HT-1080 £ T2 41°C6043 LI
S-180 #RTIHAZCO0TLETH Y , ik > TH D D
BERHD2BOTN H41I~4TCTHEOHEDESHEEL
7z. CDDP Tix, 3#k& b39°CT60~1805r & 0 fHE
BIRERDOEWHLFMEMNR OST #ETI40°C1204>
EgTHBELTB Y, ADM it L TEER (39~40
°C) THHRWHEFEIRMSHIL Tz, CPA DBE,
OST #, HT-10804k T2 39°C3043 LA, S-180 #:T ik
39°CO0 ARE CHEIAIR 20, ERHREERIRIE 3
BREBH40°CL803 BB I HBI L T iz, Bl CPA T3
CDDP L[E#RIZ, 40°CT b WHERSIRESHB L.
L7 L VCR TH 3#kE b i fBIZhER % v 2 23, 43
CETIMRLCLVMEBEHREZ R T E TRV,
ofs. TORRICESTOTERETO 4800058
Tx3.

OHifgE oI L RE ERNEREL R b0
Ol HEME I, BELERIC L L WERKCHENL
BUNRHLMERELEZ S L ENTZ L0

@F#E 370 TRMREEE SV, BETEE
HEHEERTHO

@I~ 45" COM TR B & TS 20 0
RSOz k2 L, ADM 2@, CDDP &
CPA 3@z, VCR @B T 28D £z 501,
DE DR L EBER S R T EIER I S HERE X
NTWaEN, TORBRCLELBREISZ RS -5
ZHNE. Lo THBHOBEC L IMREEORE
EEZDLENDDBEVLLD.
MR L Y, H—IROEE, F—mEM
BGEERTEETH-TY, FORBAHRSHENEY
LLENTHWE, £, REABRZHIC2VLTHWL AL
LR 2HERLORD SN MEFEEMBOR



986 B

B, BEOT->HEMRTOERRERLD, Ml
LICELLCRE->TWA I bbbl o TEM
BB LAY ERLERE 1T, EHD
iz Y OEIERE FOBETRVWES VO E 5
CRHETALENSD. FOEKT, HerBREA
BoHBRBRSHESREBRICE W T3 cultivated
HTCA REBCFRZBELENAETH S I L
5, zofkERY TREMEERERZELFMEL T
Bt TOEER, WRFEMET O REMIEO RS
SHIEESIRSERRE OEFICL D KRECR
odr. S5 BREEEHOMEIT LD ERE
MAEBEBa D ZENRINL. T L THIEBEE
MTIRBSEDEVEFOS S, BEAOHFAI LY
BMOREMERT I L OEREAL. JORKRE, &
BBz 5 TEEC AV s TEMHTH - EEET
b, EEERERCHAS NS LREFNRSHES R
BEENHBE I L ETRTARERKLZ LD TH
7z,
BabEEE RO BHRBRECKRFICEAT S
WCHl->TiEBELORESREATHS. BRD
MESRBORBEINT 2MROEESTHS. &
DBEIIMEERNENARZOERE L D OIMRT
BHAREBEE TLRERRBIENTERNIETH
3. EBOESERNE VD, BB X 2R
ORIZIXEHAN L AL TORESTE—FHRL 22w
Trbds. BEETOEZS, BEERBELES
LAl S OAGRATEEBbh sy, BHAK
X E o TV BEBICNT 2 MR EIERBR L
2%, UL UEROREAE 2w L Tk, EE
B, BREEIE, SRAMAEOVLW T LERTETDH
3. REBOHEEHERT A LORERE b LB
MRS THD. 35CIMRC L > CTHREERTH
BEBERSDL, R X225 EBLI RV
Zzoh, DLAHERBEFR 220D LEbN
v S, ERIERSAAOAMICHELZHLED
JewEeEZTW3,
#* E

BEEERE L BEENEOH L wikRk e L TE
RIGHA T 22 o OEWMMIE L LT, RAEKHER A&
rRIBE R R B 38 R{EE v T, cultivated
HTCA iz TEBREZMES L CRE & GlEH % 6t B
LTz EDRBEZEEMILUTOREREEL.

1. AEKERIECRABRZHEREL > 2.
Arrhenius 7o v b 23 < & OST #k& HT-1080 #
W S-180 R BERZITES 7.

i

2. HIEH L BROEWELERIHRIE, ADM Ti
41~43°CT, CDDP & CPA TI339~40°CTHHEL
VCR Ti4*CE TTRERL a7z, B 5 HEH
TEEHBRBEIILERRESCSCEART LD,
Bbnir.

3. PIERRHEEM S CRESEHETETH 12
DTG (T1.1%) THo7:. HFEH (ADM,
CDDP, CPA, VCR) LB (42,43°C) #HFAL 745
&, BHER L b SRE I CHBRIEBOBE A
ERCESMESEE 5% (p<0.05). & HIEHHHE
TIRBEREMED > LEFIOZ B L OHATH
WREEERLL.

4. MEOEHMAEICHT 2 BEYLFREGBREN
THEKCHATE L EL 6L, BORECRT IR
LSRRI BT IR A EOMBE Y £ 7R
THEULENDS.

E:l i

FEAEA DA, BHEE cERE %8B £ L 7 RERSR
EEIZCEEL AHEERLZT. LKA ERAEEEE
gL EEBERBEEZ IO LD S BEBE L £ 7. & 51,
FENETE & & L - SIRKEMNAFIRIR L BRI 2 KEE
BRI ESBHBLET.

BB, KRAXOAED —HE BB CHTS
(19864F) , % 1 EIRABEARZSERFEMES (19865F)
WBWTHRLT:.

X ik
1) Tomita, K., Yokogawa, A. & Nomura, S.:
Human tumor clonogenic assay in osteosarcoma
for evaluation of clinical efficacy of anti-cancer
drugs. Cancer Chemother. Pharmacol., 18, 133-136
(1986).
2) Hamburger, A. W. & Salmon, S. E.:
Primary bioassay of human tumor stem cells.
Science, 197, 461-463 (1977).
3) WISRE . b M BREMRGROBI L% OBE
HEHEE. +eESEE, 71, 113 1975).
4) Rasheed, S., Nelson-Ress, W. A., Toth, E.
M., Arnstein, P. & Gardner, M. B.: Characteri-
zation of a newly derived human sarcoma cell line
(HT-1080). Cancer, 33, 1027-1033 (1974).
5) Foley, G. E., Drolet, B. P., McCarthy, R.
E., Goulet, K. A., Dokos, J. M. & Filler, D. A.:
Isolation and serial propagation of malignant and
normal cells in semi-defined media origin of CCRF
cell lines. Cancer Res.,20, 930-939 (1960).




RBERINE 5 5 5 B8 - (LR AR 987

6) Von Hoff, D. D., Casper, J., Bradley, E.,
Sandback, J., Jones, D. & Makuch, R.: Associa-
tion between human tumor colony-forming assay
result and reponse of an individual patient’s tumor
to chemotherapy. Am. J. Med.,, 70, 1027-1032
(1981).

7) Alberts, D. S., Chen, H. S. G. & Salmon, S.
E.: In vitro drug assay: Pharmacologic consid-
erations. In S. E. Salmon (ed.), Cloning of Human
Tumor Stem Cells, 1lst ed.,, pl97~207. Alan R.
Liss, Inc, New York, 1980.

8) Valeriote, F. & Lin, H.: Synergistic interac-
tion of anticancer agents.: A cellular perspective.
Cancer Chemther. Rep., 59, 859-900 (1975).

9) Johnson, H. A.: On the thermodynamics of
cell injury. Am. J. Pathol.,75, 13-26 (1974).

10) Levine, E. M. & Robhins, E. B.: Different-
ial temperature sensitivity of normal and cancer
cells in culture. J. Cell. Physiol.,76, 373-380 (1970).
11) Love, R., Soviano, R. Z. & Walsk, R. J.:
Effect of hyperthermia on normal and neoplastic
cells in vitro. Cancer Res., 30, 1525-1533 (1970).
12) Woodhall, B., Pickrell, K. L., Georglade, N.
G., Mahaley. M. S. & Dukes, H. T.: Effect of
hyperthermia upon cancer chemotherapy: Appli-
cation to external canceis of head and face
structures. Ann. Surg., 151, 750-759 (1960).

13) Crile, G.: Selective destruction of cancer
after exposure to heat. Ann. Surg., 156, 404-407
(1962).

14) Cavaliere, R., Ciocatto, E. C., Giovanella,
B. C., Heidelberger, C., Johnson, R. 0., Margott-
ini, M., Mondovi, B., Moricca, G. & Rossi-Fanelli,
A.: Selective heat sensitivity of cancer cells.
Biochemical and clinical studies. Cancer, 20,
1351-1381 (1967).

15) Stehlin, J. S. & Giovanella, B. C.: Result of
hyperthermic perfusion for melanoma of the
extremities. Surg. Gynec. Obstet., 140, 339-349
(1975).

16) Gilbert, H. A., Kagan. A. R. & Winkley,
J.: Soft tissue sarcomas of the extremities.:
Their natural history, treatment and radiation
sensitivity. J. Surgical Oncology, 7, 303-317 (1975).
17) Raaphorst, G. P., Romano, S. L., Miteell,
J. B., Benbord, J. S. & Dewey, W. C.: Intrinsic

difference in heat and/on X-ray sensitivity of
seven mammalian cell lines cultured and treated
under identical conditions. Cancer Res., 39, 396-401
(1979).

18) Miyakoshi, J.:
(42, 44°C) and/ or radiation in four mammalian
cells in vitro. J. Radiat. Res., 22, 352-366 (1981).
19) Flentje, M., Flentje, D. & Sapareto, S. A.:
Differential effect of hyperthermia on murine bone

Responses to hyperthermia

marrow normal colony-forming units and AKR
and L1210 leukemia stem cells. Cancer Res., 44,
1761-1766 (1984).

20) Muckle, D. S. & Dickson, J. A.: The selec-
tive inhibitory effect of hyperthermia on the
metabolism and growth of malignant cells, Brit.
J. Cancer, 25, 771-778 (1971).

21) Overgaard, J.: Effect of hyperthermia on
malignant cells in vivo. Cancer Res., 36, 3077-3081
(1976).

22) Hofer, K. G., Choppin, D. A. & Hofer, M.
G.: Effect of hyperthermia on the radiosensitivity
of normal and malignant cells in mice. Cancer,
38, 279-287 (1976).

23) Miyakoshi, J., Kano, E. & Heki, S.:
Cellular responses to hyperthermia and radiation
in Chinese hamster cells. In T. Sugahara (ed.),
Modification of Radiosensitivity in Cancer Treat-
ment, lst ed. p335-350, Academic Press, Tokyo,
1984,

24) FHEH . ENESCNT 2 EEML S UIES
{LFBREIC B T 2 KBRIGRFZE. K FES, 30, 504-518
(1979).

25) Hahn, G. M., Braun, J. & Har-Kedar, L :
Thermochemotherapy Synergism between
hyperthermia (42-43°C} and adriamycin (or bleo-
mycin) in mammalian cell inactivation. Proc. Nat.
Acad. Sci. USA, 72, 937-940 (1975).

26) Nakajima, K., Hisazumi, H., Kumaki, 0. &
Ueki, O.: Inhibitiln of cell growth by irradiation
in combination with hyperthermia or anticancer
drugs. Acta Radiol. Onc., 22, 487-492 (1983).

27) Urano, M., Kim, M. S., Kahn, J., Kenton,
A. & Li, M. L.: Effect of thermochemotherapy
(combined cyclophosphamide and hyperthermia)
given at various temperatures with or without

glucose administration on a murine fibrosarcoma.



988 = T

Cancer Res., 45, 4162-4166 (1985). 29) Li, G. C. & Hahn, G. M.: Ethanol-induced
28) Johnson, H. A. & Pavelec, M.: Thermal tolerance to heat and adriamycin. Nature, 247,
enhancement of thio-TEPA cytotoxicity. J. Nat. 699-700 (1978).

Cancer Inst., 50, 903-908 (1973).

A Fundamental Study on Cytotoxic Effects of the Combined Therapy of
Hyperthermia and Chemotherapy on Sarcoma Cells Yasuo Aotake, Department of

Orthopedic Surgery, School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen
Med. Soc., 97, 974-988 (1988)

Key words : bone and soft tissue sarcoma, human tumor clonogenic assay, hyper-
thermia, thermosensitivity, thermochemosensitivity

Abstract

Hyperthermia is often used for cancer therapy solely or with other types of treatments.
However, it has not yet been a standard treatment for bone and soft tissue sarcomas. The
present study examined the cytotoxic effect of hyperthermia alone or the combined therapy
of hyperthermia and chemotherapy on sarcoma cells. Three cell lines of sarcomas (OST
strain, HT-1080 strain, S~180 strain) and thirty-eight specimens freshly obtained from
patients were used. Cell suspension was heated and incubated with anticancer drugs in a
temperature-controlled water bath. Modified cultivated human tumor clonogenic assay
(HTCA) method was used to evaluate sensitivity to drugs and heating. By increasing the
temperature (37~45C) and prolonging the exposure time (30~240min), the number of
surviving cells was decreased. Arrhenius plots for three cultured sarcomas revealed that the
thermosensitivity of S-180 was lower than that of OST and HT-1080. The combined effect
of drug and hyperthermia was synergistic in ADM, CDDP and CPA, while it was merely
additive in VCR. The effective temperature for hyperthermia was different in each cultured
sarcoma and in each anticancer drug. In clinical specimens from twenty-seven patients, the
percent colony inhibition rates were used for evaluation of thermochemosensitivity. When
the anticancer drug was treated at 42°C, the percent colony inhibition rates were
significantly higher (p<(0.05) than the drug treated alone. Colony formation was even

"more inhibited at 43°C than at 42T treatment with anticancer drugs. From these results,
it is concluded that hyperthermia, especially when combined with chemotherapy, is highly
effective in killing the sarcoma cells and it should be considered for application in clinical
use.




