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ABSTRACT

Cytotoxic effects of hyperthermia on cancer cells in vitro
and in vivo system, indepsndently and in conjunction with other
modalities have not been c¢learly defined. The main purpose of
this research was to study the cytotoxic effects of hyperthermic

condition and its modulation either in vitro or in vivo modei.

Qualitative and gquantitative assessment of the cytotoxicity of
hyperthermia plus or minus 5~fluorcuracil (5-FU) against human

carcinoma cell line (KB cells) in vitro were performed. The

result revealed that the percentage of cell survival and cellular
proliferation were decltined gradually after hyperthermia treat-
ment at various thermal doses (40°C to 45°C, 1 to 3 h) in compa-
rison with normothermia controlled celis. However, the cell
line could develop thermotoierance state at priming heat dose of
429C, 1 h, maximally at 1 to 2 h and began to decline after

that. The KB cells synthesized M, 200,000 heat-shock protein
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" within 2 h after the 40°C, 1 h heat-shocked tréatment. Biochemi~
cal analysis indicated that hyperthermia (40°C, 1 h}, 5-FU (10.0
Pg/m?), and hyperthermia plus 5-FU treatments could inhibit DNA
and protein synthesis in KB cells. The percentage of inhibition
of DNA synthesis by hyperthermia, 5-FU, and hyperthermia plus
5-FU were 81.2 + 6.9, 45.6 + 7.5, and 87.0 + 2.6 respectively.
‘The percentage of inhibition of protein synthesis by hyperther-
mia, 5-FU, and hyperthermia p]ﬁs 5-FU were 72.2 + 4.3, 53.3
7.3, and 87.6 + 7.7 respectively. The results showed that the
combination of hyperthermia and 5-FU increased the inhibitory
effect on protein synthesis {(p<0.05),but howéver, did not signi-
ficantly change DNA synthesis. The potentiating effect of hyﬁer—
“thermia on cytotoxicity by 5-FU may be clinically applied to
reduce the dose of 5-FU and.its side effect. Furthermore, these
studies suggest that human carcinoma cells may be extremely

sensitive o the cytotoxic'effect of heat.

The studies onh cytotoxicity of hyperthermia were also

performed in vivo system in order to know how hyperthermia

affects a chemically-induced tumourigenesis and carcinogenesis.
Based on tumour initiation and tumouf promotion, the two—stage
carc{nogenesis experiment on mouse skin was therefore performed
by a single application of 100 I.Ig 7,12—dimethylbenz{a)anthracene
(DMBA) and followed by twice weekly application of 2.5,ug‘of
{2~-0~-tetra—decanoylphorbol-i3-acetate (TPA) through the expe~
riment. The experimental mice were divided into eight grouhs

(N=10 per group): chemical control, temperature control, DMBA




and TPA treatment under room temperature, DMBA and TPA treatment
under hyperthermic condition (whole-body hyperthermia at 40°¢C,
20 min/day, 3 days/week) at the initiation stage, treatment at
the promotion stage, treatment at the both stages, DMBA and TPA
treatment after 1 week hyperthermia treatment, and localized
hyperthermia treatment (43°C, 1 h/day, 3 days/week) at week 30 of
tumour promotion. Tumour developmeni on mouse skin in each group
was determined as the percentage of tumour-bearing, the average
number of tumour per mouse, and the average voiume of tumour per
mouse. The results demonstrated strong inhibitory effects of
hyperthermia eithef onh the tumour initiation or tumour prbmotion;
as welil as‘oﬁ the both stages. Therefore, chemical carcinogenesis
could be prevented by hyperthermia. The molecular explanation of
anti-tumour activity of hyperthermia on mouse skin carcinogenesis
could be related with host-defense mechanism(s), for example,
immunologically increases endogenous anti-cancer activities, and

heat-shocked proteins synthesis.

In conclusion, in vitro hyperthermia exerts cytotoxic

effects on KB cells, significantly potentiates the cytotoxic
effect of 5-FU by inhibitinhg protein synthesis and in yvivo
hyperthermic conditions shows significant preventive effects on
both the initiation and the promotion in chemical carcinogenesis

on mouse skin.
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