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ABSTRACT

frans-Diamminedichloroplatinum(ll), a paradigm of an inactive
platinum compound, exhibited cytotoxic effect against HEP-2

human tumor cells, TA3Ha murine tumor cells, and freshly col
lected human ovarian carcinoma cells when combined with hy-
perthermia (43Â°,30 min). The heat treatment reduced the D0 of
frans-platinum from 56 to 16.5 ng/m\ in the HEP-2 system and
from an undeterminable value at 37Â°to 8.2 jig/ml in the TASHa

system. Heat treatment before frans-platinum was more cyto
toxic than that after frans-platinum in the TASHa system (P <
0.001). TASHa cells treated in vitro with 40 ng/m\ TDDP at 43Â°

failed to form tumors in mice upon subcutaneous implantation
into the tails of mice. In contrast, these agents given singly did
not alter the tumor-forming ability of TASHa cells. In vivo admin
istration of frans-platinum after hyperthermia (43Â°for 30 min)

retarded the growth of TASHa tumors compared to either treat
ment alone.

frans-Platinum did not form detectable DNA-interstrand cross
links in the HEP-2 cells treated at 37Â°or 43Â°. However, the

DNA-protein cross-links were detectable under these conditions.
The frequencies of DNA-protein cross-links were higher in the
cells treated at 43Â°than in those treated at 37Â°,both immediately

after and 12 h after the treatment with frans-platinum. Heat alone
did not induce the formation of either DNA-interstrand or DNA-
protein cross-links. Heat treatment did not appear to enhance
the entry of frans-platinum into the cells.

INTRODUCTION

frans-Diamminedichloroplatinum(ll) is a stereo-isomer of the
potent antineoplastic agent cfs-diamminedichloroplatinum(ll).
TDDP,3 in contrast to its c/s-isomer, is relatively nontoxic under
normal physiological conditions (1-6). TDDP has its two reactive
groups in the frans-configuration, which is considered to hinder
the formation of DNA intrastrand cross-link formation between
adjacent nucleotides (2). In common with its c/s-isomer, TDDP
forms monoadducts with DNA at N-7 of guanine (6). TDDP also
forms DNA interstrand cross-links (7-9), DNA-protein cross-links
(7), and histone-histone cross-links (2). TDDP has been shown

to inhibit DNA synthesis (5), to bind to DNA in vivo (5, 6), to
cause single-strand breaks (10), to be mutagenic, although to a

Received 11/16/84; revised 7/24/85; accepted 8/16/85.
1Supported by the Peter Garard Memorial Fund, the Dee and Moody Fund, and

the American Cancer Society Illinois Division, grant 84-5.
2To whom requests for reprints should be addressed, at Cell Biology Laboratory,

Depts. of Surgery and Medicine, Evanston Hospital, 2650 Ridge Avenue, Evanston,
IL 60201.

3The abbreviations used are: TDDP, (rans-diamminedichloroplatinum(ll); CDDP,
c/s-diamminedichloroplatinum(ll); HT, hyperthermia; HBSS, Hanks' balanced salt

solution; RLN, renal lymph node; LLN, Lumbar lymph node; GMD, geometric mean
diameter.

lesser degree than that of its c/s-isomer (10-12), and to be a

radiation sensitizer, a property it shares with CDDP (13).
Since the frans-isomers of active platinum compounds are

non-cytotoxic, it is generally believed that the c/s-configuration

of the reactive groups is a prerequisite for exhibiting a significant
cytotoxicity (4). A recent finding that both c/s- and frans-ascor-

bate diaminocyclohexane platinum(ll) compounds are antineo
plastic (14) complicates this paradigm.

CDDP has been shown by several investigators to exert a
synergistic cytotoxic effect when combined with hyperthermia
(15-19). Little information exists on the cytotoxicity of TDDP

when it is combined with hyperthermia. We report here the effect
of TDDP and hyperthermia on the colony-forming abilities of
human and murine tumor cells in vitro, on the tumor-forming

ability of the murine cells, and on the in vivo growth of the murine
tumor. We have also examined the effect of heat on TDDP-
induced DNA inter-strand and DNA-protein cross-link formation

by the alkaline elution assay (9, 20).

MATERIALS AND METHODS

Reagents. Nutrient medium F-10, CMRL 1066, McCoy's 5A medium,

HBSS, trypsin, and horse serum were purchased from the Grand Island
Biological Company, Grand Island, NY. Fetal bovine serum and porcine
serum were obtained from the Hyclone Laboratories, Sterile Systems,
Inc., Logan, UT. Ficoll-paque was purchased from Pharmacia Chemicals,

Piscataway, NJ.
TDDP used for the cytotoxicity studies was a gift from the Bristol

Laboratories, Syracuse, NY, and that used for cross-link studies was

purchased from Sigma Chemical Co., St. Louis, MO. TDDP was >99%
pure. TDDP was dissolved in a small amount of dimethyl sulfoxide
(Sigma) and diluted in HBSS. Dimethyl sulfoxide was not cytotoxic at
either 37Â°or 43Â°.

Mice. Strain A female mice (6 to 8 weeks old) obtained from the
Jackson Laboratory, Bar Harbor, ME, were used for the studies on
TASHa tumor cells as has been described (21).

Tumor Cells. Transplantable mouse mammary tumor line TA3Ha
syngeneic to Strain A mice (22), established human epidermoid carci
noma HEP-2 variants (23), and freshly harvested ascites cells from a
patient (R. E.) with primary ovarian carcinoma were used. The HEP-2

variants were derived from spontaneous mÃ©tastases in the lung, LLN,
and subcutaneous rump areas of a BALB/nu/nu mouse implanted with
HEP-2 cells s.c. in the tail. These variants were maintained as parallel in

vitro monolayer cultues.
Preparation of Cells. This has been described earlier for TA3Ha cells

(21). HEP-2 cells in monolayer were harvested using 0.25% trypsin in

HBSS and were processed immediately for the colony formation assay
in soft agar (23-25) or seeded into 25-cm2 flasks at a density of 1000

cells/flask for the colony formation assay on plastic surface. Freshly
collected R. E. ascites cells were separated from the contaminating RBC
by Ficoll-paque gradient centrifugation, washed twice in HBSS, and

resuspended in it for the colony formation assay in soft agar.
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EFFECT OF TDDP AND HT ON TUMOR CELLS

In Vitro Assay Procedure. A clonogenic assay in soft agar (24, 25)
was performed on freshly collected TA3Ha cells and R. E. cells and on
48-h-old cultures of HEP-2 variant cells. The cell suspensions in HBSS
were treated with varying doses of TDDP at 37Â°or 43Â° for 30 min.

Following the treatments, the cells were sedimented and resuspended
in enriched CMRL 1066 medium containing 0.3% agar and layered on a
feeder gel in 35-mm Petri dishes. HEP-2 cells were plated at a density
of 0.2 x 106 cells/plate; TA3Ha cells were plated at 0.5 x 106 cells/plate,
and R. E. cells were plated at 0.4 x 106 cells/plate. The plates were
incubated at 37Â°in a humidified 7.5% CO2 atmosphere for 10-12 days.

The colonies were counted under a microscope at 100x magnification.
The colony formation assay on plastic surface in tissue culture flasks

was performed on 24-h-old HEP-2 Lung cells. These cells were exposed
to various concentrations of TDDP at 37Â° or 43Â°. Controls were: (a)
untreated cells; and (b) cells treated at 43Â°without TDDP.

In the sequential treatment studies, the cells were exposed to either
TDDP or HT for 30 min, rinsed with HBSS, and exposed to the other
agent for 30 min. Cells exposed simultaneously to TDDP and HT served
as the standards. Untreated cells, cells treated with only TDDP, and
those treated with only HT were the controls. After the treatments, HBSS
was replaced by growth medium, and the cells were incubated at 37Â°

for 10 to 12 days before counting of the colonies (closely packed groups
of 50 or more cells).

Transplantation Assay. In this study, TA3Ha cells in suspension were
treated with TDDP and/or HT and resuspended in nutrient medium at a
density of 2 x 106 cells/ml. Groups of 10 mice were given injections of

0.05 ml of the cell suspension subcutaneously into the tail. Mice were
examined daily for up to 60 days to determine the latent period of tumor
formation. The number of mice developing tumors in that period was
recorded.

In Vivo Effect of TDDP and HT on TA3Ha Tumors. Freshly harvested
TA3Ha ascites tumor cells were inoculated subcutaneously into the tails
of Strain A mice. Approximately 3 days after the tumor appearance, the
mice were randomized into various groups. Each mouse received an i.p.
injection of 1 ml HBSS with or without TDDP (10 mg/kg). Either preceding
or following the TDDP administration, tumors were subjected to localized
HT treatments (43Â°for 30 min) as has been described (21). The tumors

were measured (in cm) daily at 3 orthogonal diameters from which the
GMDs were calculated (21). TDDP was not toxic to Strain A mice, at
least at doses up to 100 mg/kg, as evidenced by mortality or body
weight loss.

Alkaline Elution Assay. The alkaline elution technique of Kohn ef al.
(20) was used to measure the DNA-protein and DNA interstrand cross-
linking in HEP-2 cells exposed to TDDP and HT.

Atomic Absorption Assay. TASHa cells (5 x 106 in 2 ml)were exposed
to TDDP (2,5, and 10 /ig/ml) at 37Â°or 43Â°for 30 min, and the intracellular

platinum was determined by the flameless atomic absorption method. A
Hitachi 180-80 polarized Zeeman AA spectrophotometer linked to a
Hitachi 180-0205 data processing unit was used. Cells were solubilized

as described by Johnson ef al. (11) in 0.1% sodium dodecyl sulfate in
0.1 M Tris (pH 8) containing 1 rnw EDTA at 50Â°overnight. The solubilized
samples (10 //I) were atomized at 2900Â° in a graphite atomizer for 7 s,

and the absorbante was measured at 259 nm. Standards were cell
lysates with known amount of platinum. Results are expressed in ppm.

Evaluation of Treatment Effect. Cell survival (percentage of colonies)
was plotted against TDDP dose on a semilogarthmic scale, and from the
straight portion of the curve, D0 values were determined as defined by
Hall (26). Effect of TDDP and HT on the tumor-forming ability of TASHa

cells was determined based on the number of mice developing tumors
in 60 days.

The effect of TDDP and HT on in vivo tumors was evaluated based
on the growth rate of the tumors, as has been described earlier (21).
Survival periods of mice and the frequency of mÃ©tastases in various
organs were used as additional parameters. Statistical analyses were
performed by appropriate tests using an IBM personal computer and
Microstat Release 2.09 program (Ecosoft. Inc., Indianapolis, IN).

RESULTS

Colony Formation in Soft Agar. Table 1 shows the effect of
TDDP at 37Â°and 43Â°on the colony formation by TA3Ha cells,

HEP-2 variant cells, and R. E. cells. A combined treatment with

TDDP and HT was more cytotoxic than either agent alone and
also more than what could be expected by an additive cytotoxic
effect (i.e., the colony formation by drug-treated cells normalized
to HT controls). Statistical analysis by Student's f-test showed

that the difference between the additive and the observed effects
ranged from P < 0.05 to P < 0.001. Thus, combination of TDDP
with HT produced a synergistic cytotoxic effect against all three
tumor types tested. TDDP (0.1 to 10 ng/m\) treatment at 37Â°

had little cytotoxic effect on the TA3Ha cells, precluding the
determination of D0. However, the D0 for the TA3Ha cells treated
with TDDP at 43Â°was 8.2 Â¿jg/ml(data not shown).

Colony Formation Assay on a Plastic Surface. Because of
the low plating efficiency of cells in soft agar (0.12%), we used
the colony formation assay on a plastic surface using HEP-2
Lung cells (colony-forming efficiency, 20-30%). Twenty-four-h
old cultures of HEP-2 Lung cells were exposed to TDDP at 10,
20, 40, and 80 ng/m\ at 37Â°and 43Â°for 30 min. Following this

treatment, the drug was removed, and the cells were incubated
in nutrient medium F-10 supplemented with 15% fetal bovine

serum for a period of 10 days. The D0 for the cells treated with
TDDP at 37Â°was 56 ^g TDDP/ml, whereas that for the cells
treated at 43Â°was 16.5 ng/m\ (Chart 1).

Sequential Treatments. The effect of TDDP and HT given
sequentially to TASHa tumor cells was determined using TDDP
and HT (4 and 10 ^g/ml) at 43Â°for 30 min by the colony formation

assay in soft agar (Table 2). At both of these concentrations
tested, heat treatment during or before TDDP was more cyto
toxic than heat treatment after TDDP. The difference in the
colony formation between heat before TDDP and heat after
TDDP was statistically significant (P < 0.001). TASHa cells
treated with heat before TDDP (4 and 10 ^g/ml) formed 24 Â±2
(SD) and 10 Â±2% colonies, respectively. The colony formation
expected on the basis of additive effect was 52 Â±1 and 39 Â±1,
respectively, at 4 and 10 ng TDDP/ml. Thus, TDDP before and
after HT resulted in a significantly (P < 0.001) lower colony
formation compared to the expected additive effect, which sug
gested a synergistic cytotoxic effect when TDDP is combined
with HT. A similar synergism was also evident in the HEP-2

tumor system (Table 2).
Effect of TDDP and HT on the Tumor-forming Ability of

TASHa Cells. The effect of TDDP at 0, 10, 20, and 40 ng/m\ at
37Â°and 43Â°for 30 min on the tumor-forming ability of TASHa

cells was determined. The results showed that a treatment with
up to 40 ng TDDP/ml at 37Â°or heat treatment alone did not

affect the tumor takes but only prolonged the latent period of
tumor formation in a dose-dependent manner (data not shown).
In contrast, the cells treated at 43Â° with 10, 20, and 40 ^9

TDDP/ml formed tumors in 90, 80, and 0% of the mice, respec
tively.

In Vivo Effect of TDDP and HT on TASHa Tumors. Groups
of 9-10 mice with TASHa tumors in their tails were used. Group

1 was untreated, group 2 received only HT, group 3 received
only TDDP (10 mg/kg), group 4 received TDDP (10 mg/kg) 1 h
before HT, and group 5 received TDDP 1 h after HT. Chart 2
shows the relative tumor size (GMD on day X/GMD on day 0) of
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EFFECT OF TDDP AND HT ON TUMOR CELLS

Table 1
Effect of trans-diamminedichtoroplatinum(ll)and hypenhermia (43Â°,30 min) on the cotony-forrmngabilities ot murine and human tumor cells

Rump, LLN, and Lung are the variants of the HEP-2tumor une.Statistical evaluationwas done by Student's f-test.

Colony formation (% ofcontrol)CeteTA3Ha(0.02-0.04fRump

(1.0)LLN
(0.84)Lung

(0.12)R.
E. (0.02)TDDP(jig/mf)41044105HT54Â±4C54Â±461

Â±345Â±238Â±293Â±8TDDP87

Â±571
Â±480Â±842Â±822Â±189

Â±6TDDP

+HTexpected*47

Â±338Â±349

Â±519Â±49

Â±0.283Â±5TDDP

+HTobserved30Â±217Â±332Â±55Â±32Â±141

Â±6P

value ofdifferencebetween
expectedand

observed<0.001<0.001<0.05<0.001<0.001<0.001

* Expected meanscolony formation if TDDP and HT produced an additive cytotoxic effect.
6 Numbers in parentheses, percentageof colony formation by the untreated cells.
cMeanÂ±SD.

OO-i

O IO 20 40 80
TDDP CONCENTRATION (pg/irt)

Chartl. Effect of TDDPand HTon thecotony formation by HEP-2cete. Twenty-
four-h-ok) HEP-2 cultures were exposed to varyingconcentrations of TDDP at 37Â°
(â€¢)and 43Â°(A) for 30 min and were allowed to form colonies for 10-12 days.
Colony formation, expressed as a percentage of controls, is plotted against the
dose of TDDP.Bars, SD.

tumors in the treated and the control mice. Tumor growth
retardation was seen in the group that received heat before
TDDP, in agreement with the in vitro results. At the time of host
death, mice in all of these groups had extensive lung metastasis

with serosanguineous fluid in the chest cavity. There was no
difference in the frequency or the extent of lumbar lymph node
metastasis among these groups of mice (Table 3). However,
heat before TDDP reduced the frequency of RLN metastasis to
35% compared to 67% in the controls (P < 0.01 by x2 test with

continuity correction). Thus, TDDP and HT in combination ap
peared to exhibit an antimetastatic effect at least to the RLN.
Similar results were obtained when the TASHa RLN tumors were
treated with TDDP and HT (data not shown).

DMA Interstrand and DNA-Protein Cross-Links. We exam
ined the DNA interstrand and DNA-protein cross-link formation
by an alkaline elution assay (20) in the HEP-2 cells treated with
TDDP at 37Â°and 43Â°. Alkaline elution assays performed 6 h

after the drug removal revealed no detectable DNA interstrand
cross-linking at either temperature (data not shown). However,
DNA-protein cross-link formation was greater in the cells ex
posed to TDDP at 43Â°(Chart 3) than in the cells exposed to
TDDP at 37Â°.The DNA-protein cross-links 12 h after the treat

ment, expressed as rad equivalents, were 255 Â±30 and 75 Â±7
in the cells treated at 43Â°and 37Â°,respectively, with TDDP (20

ug/ml). This difference is significant at a level of P < 0.001 by
the f-test. Heat treatment alone did not induce the formation of
DNA-protein cross-links.

DISCUSSION

TDDP, in contrast to CDDP, is insignificantly cytotoxic under
normal physiological conditions (1, 3, 4, 8). Both CDDP and
TDDP are potent radiosensitizers (13). CDDP produces a syn-
ergistic cytotoxic effect with heat (15-19). Little information

exists on the cytotoxicity of TDDP in combination with heat. This
contribution, together with our preliminary report (23), constitutes
the first demonstration of the acquisition of cytotoxicity by an
inactive platinum coordination compound when combined with
heat.

TDDP in combination with heat was found to be more cytotoxic
than either treatment alone against the established murine mam
mary tumor cells, established human epidermoid carcinoma cell
cultures, and the freshly biopsied human ovarian carcinoma cells.
Thus, this combination treatment seems to be cytotoxic against
a wide spectrum of tumor types. The enhanced cytotoxicity was
demonstrable by in vitro colony formation assays in agar and on
plastic surfaces, by the in vitro-in vivo procedure of transplanta

tion, and also by the in vivo tumor growth retardation procedure.
Thus, it appears that the enhanced cytotoxicity of TDDP in
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EFFECT OF TDDP AND HT ON TUMOR CELLS

Table2
Effect of trans-diamminedichloroplatinum(ll)given during, before, and after hyperthermia (43Â°,30 min) on the colony formation by TA3Haand HEP-2cells

Colony formations were determined by the soft agar assay for TA3Ha cells and by the colony formation assay on plastic surface for HEP-2 cells. Statistical analysis
was performed by Student's Mest.

a
bCensTA3Ha

TA3Ha
HEP-2Mean

Â±SD.
NS, not significant.TDDP

dose4

10
10Colony

formation (% ofcontrol)TDDP

+ HT
expected52

Â±1"

39 Â±1
62 Â±7TDDP

+ HT
observed28

Â±3
9Â±1

28 Â±6TDDP

-.HT34Â±2

23 Â±1
31 Â±6HT

â€”TDDP24

Â±2
10Â±2
35Â±9P

value of difference
between HT -Â»

TDDP and TDDP-.
HT<0.001

<0.001
NS6

TDDP
TDDP-HT
CONTROL
HT

HT'TDDP

I.O

Days After Treatment

Chart 2. Effect of TDDP and HT on TA3Ha tumors in vivo. Groups of 9/10 mice
with 3-day-o!d TA3Ha tumors in their tails were given injections of HBSS alone or
HBSS with TDDP. The TDDP dose was 10 mg/kg. One h after (TDDP + HT) or 1
h before (HT + TDDP) the administration of TDDP, the tumors were subjected to
localized hyperthermia at 43Â°for 30 min. Group TDDP received no hyperthermia;

Group HT received no TDDP; and the control group received no treatment. 8ars,
SD.

Table3
Effect of TDDP and HT on TA3Ha tumors in vivo

No. of Survival Tail tumor
Frequencyof metastasis

GroupControl

HT only
TDDP
TDDP + HT
HT + TDDPmice9

9
9

1010(days)"36

Â±56

35Â±5
34 Â±4
35 Â±6
35 Â±3size1.2

Â±0.1
1.1 Â±0.3
1.2 Â±0.3
1.2 Â±0.3
1.0 Â±0.3Lung9/9

9/9
9/9

10/10
10/10LLN9/9

9/9
9/9

10/10
10/10GMD1.2

Â±0.5
1.5 Â±0.4
1.1 Â±0.4
1.4 Â±0.2
1.5 Â±0.4RLN12/18

14/18
10/18
12/20
7/20

a Mean survival from the day of tumor inoculation.
* Mean Â±SD.

combination with HI observed in this study is not an artifact
associated with the assay procedures used. The mechanism(s)
by which the platinum compounds exert their cytotoxicity is not
well understood, but some possibilities have been proposed.

CDDP has been shown to interact with the cellular DNA (2-
12, 27, 28) and to form DNA-interstrand and DNA-intrastrand
cross-links (2, 7-10, 29-31), as well as DNA-protein cross-links

(8,9). TDDP has also been shown to interact with the DNA and
to form interstrand cross-links but not intrastrand cross-links
between adjacent nucleotides (2, 10, 30). It also forms DNA-

HOURS AFTER TREATMENT

Chart 3. Effect of heat treatment on the TDDP-inducedDNA-proteincross-link
formation in the HEP-2lung cells.The cells were treated with TDDP at 5 /jg/ml (â€¢),
10 pg/ml (Â»).and 20 i-g/ml (â€¢)for 30 min at 37Â°or at 43Â°.Bars, SD.

protein cross-links and histone-histone cross-links (2, 32-34).
The TDDP-induced cross-links have been shown to be repaired

faster than those induced by CDDP (10). It is further suggested
that the residual persistent DNA-interstrand as well as DNA-
protein cross-links are of importance in the cytotoxicity (10).

HT has been shown to alter the transport properties of mam
malian cell membranes (35-37), thereby increasing the intracel-

lular drug concentration in a combination treatment procedure.
This mechanism does not appear to be significant in the HT-

induced enhancement of TDDP cytotoxicity. The amounts of
platinum in TA3Ha cells treated with 2, 5, and 10 U.QTDDP/ml
at 37Â°were 15 Â±0.9, 37 Â±1.0, and 67 Â±3 ppm, respectively,
and those in the cells treated at 43Â°were 15 Â±0.2, 43 Â±1.0,

and 70 Â±2.0 ppm, respectively. Thus, HT did not increase the
entry of TDDP into the TASHa cells. Secondly, in the sequential
treatment studies (with both TA3Ha and HEP-2 cells), one of the

groups received HT 1 h after the removal of TDDP from the
extracellular medium so that no increase in the entry of TDDP
due to heat could be expected. However, this treatment schedule
was cytotoxic, indicating further that the increased cytotoxicity
of TDDP at 43Â°is not likely to be due to an increased entry of

the drug by heat.
Increased cytotoxicity of TDDP at 43Â° may be due to an

increased rate of reaction between TDDP and the biological
macromolecules. It has been shown that HT increases both the
DNA interstrand and DNA-protein cross-link formation by CDDP

(19, 29). Our results with the alkaline elution assay 6 h after the
drug removal revealed no detectable DNA-interstrand cross-links
by TDDP. However, TDDP treatment at 43Â°was cytotoxic. It
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EFFECT OF TDDP AND HT ON TUMOR CELLS

may be seen from the data presented by Zwelling er al. (9) that
the DNA cross-linking by 200 Â¿Â¿MTDDP is similar to that produced

by 50 Â¡IMCDDP in L1210 leukemia cells. However, at these
concentrations, the cell survivals were 0.09% and <0.001%.
Thus, it appears that the DNA interstrand cross-links may not
be significant for the TDDP + HT-induced cell kill.

It has been proposed that the CDDP-induced DNA intrastrand
cross-links between adjacent guanines (2, 30) are more impor
tant than the interstrand cross-links in inducing cell death (2).
Formation of such cross-links has been shown to be stereo-

chemically feasible with CDDP but not with TDDP (2). Since the
chromatin structure is altered by HT (37), it is possible that HT
treatment induces the formation of intrastrand DNA cross-links
by TDDP. An analysis of the intrastrand cross-links in cells
exposed to TDDP at 43Â°may help to establish the role of such

cross-links in the cytotoxicity.
The cytotoxicity induced by the c/s-platinum compounds also

appears to be related to the rate at which the various cross-links
are removed (10). In the present study, the frequency of TDDP-
induced DNA-protein cross-links was higher in the cells treated
at 43Â°compared to that in the cells treated at 37Â°at least for

up to 12 h after the drug removal. It is possible that HT affects
the systems involved in the repair of cross-links induced by
TDDP and renders them cytotoxic. 0-Polymerase, which is con

sidered to be involved in the repair of DNA lesions, has been
shown to be inactivated by HT (37). Xeroderma pigmentosum
cells which are deficient in UV repair mechanism have been
shown to be more sensitive than the normal cells to TDDP (33).
Furthermore, in these cells, the TDDP-induced DNA-protein
cross-links (32-34) persist longer than in the normal cells.

While in general the interaction of c/s-platinum compounds

with the cellular DNA is correlated with the cytotoxicity, other
mechanisms such as an alteration of the cell membrane proper
ties (38,39) may be contributory. HT has been shown by several
investigators to alter the cell membrane properties (35-37) and
to produce a synergistic cytotoxicity when combined with agents
that affect the cell membrane properties (17, 40, 41). We do not
know if TDDP and HT may act at the cell membrane level to
result in a synergistic cytotoxic effect. Another possibility is the
base-catalyzed isomerization of TDDP. However, this mecha

nism seems unlikely because of the thermodynamic stability of
TDDP and also because TDDP + HT failed to enhance the
formation of DNA interstrand cross-linking. Another potential
explanation for the synergism would be that HT depletes intra-

cellular thiols which ordinarily protect against chemical attack by
platinum compounds.

The results so far seem to indicate that TDDP, which is a
paradigm of the inactive group of platinum compounds, becomes
significantly cytotoxic when combined with heat. The mechanism
by which this is effected is yet unclear, but further studies may
greatly aid in an understanding of the mechanisms of action of
platinum compounds in the presence of heat and of heat. It
raises the possibility however that the non-toxic platinum com
pounds may be useful as anti-neoplastic agents when combined

with hyperthermia.
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