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Abstract. Combined therapy consisting of either exogenous interferon or interferon in- 
ducers (polyinosinic-polycytidylic acid or Newcastle disease virus) together with local 
hyperthermia exerted a greater antitumor effect in C57BY6 mice bearing the transplantable 
Lewis lung carcinoma than either treatment alone. 

Interferon and interferon inducers exhibit 
an antitumor activity in a number of ex- 
perimental tumor systems in mice (re- 
viewed in (1, 2)). It has been observed that 
a combination of different antitumor agents 
often provides a greater antitumor effect 
than either agent alone, i.e., a combination 
of interferon with chemotherapy (3, 4), or 
chemotherapy or X irradiation with hyper- 
thermia (5-9). There is also one report sug- 
gesting that combined therapy of interferon 
or polyriboinosinic - polyribocytidylic acid 
(poly(1) - poly(C)) with microwaves was 
more effective than microwave therapy 
alone (10). It was therefore of interest to 
determine the antitumor effect of exoge- 
nous interferon and inducers of endogenous 
interferon in combination with local hy- 
perthermia. The results of experiments 
reported herein show that such combined 
therapy exerted a greater antitumor effect 
than either treatment alone in C57BV6 mice 
bearing the transplantable Lewis lung car- 
cinoma (3LL). 

Materials and Methods. Mice. Male and 
female C57BV6J mice were obtained from a 
colony at the Weizmann Institute and were 
3-6 months old at time of experimentation. 

Tumor cells. The Lewis lung carcinoma 
(1 1) was maintained by serial transplanta- 
tion of tumor cells in C57B1/6J mice. 
Tumor cells (2 x 105) in 0.2 ml were injected 
intramuscularly in the left hind leg. 

Interferon and control preparat ions.  
Mouse interferon was prepared from C-243 
cells induced with Newcastle disease virus. 
The methods of production, concentration, 
and assay of the interferon preparations 
have been described previously (12). The 

control preparation was prepared in a man- 
ner identical to that for interferon with the 
exception that  the viral inducer was 
omitted. 

Interferon inducers. Newcastle disease 
virus (NDV), Herts strain, was propagated 
in 10-day-old embryonated chicken eggs. 
Multiplicity of infection was calculated on 
the basis of NDV infectivity in TCID,dml in 
primary chick embryo fibroblast cultures. 
Poly(1) - poly(C) was prepared by mixing 
equimolar concentrations of poly(1) and 
poly(C) (purchased from Boehringer GmbH, 
Mannheim, West Germany) at room tem- 
perature in phosphate-buffered saline. Poly- 
merization was checked by the develop- 
ment of hypochromicity using a Beckman 
spec tro pho tome te r. 

Heating system and temperature mea- 
surements. The heating system consisted of 
(a) a hot air blower; (b) a heat-insulated 
cylinder (diameter 10.5 cm, length 24 cm); 
and (c) a temperature control unit as previ- 
ously described (5). For local heating the 
tumor-carrying limbs of four mice were in- 
serted into the four holes drilled in the 
upper part of the cylinder. Hot air was 
blown in through an insulated pipe con- 
necting the blower with the cylinder (5). 
The hot air atmosphere was achieved by 
passing the hot air through an attenuator to 
reduce turbulence. Homogeneity was 
achieved and confirmed by a system of 
valves and thermocouples installed for 
temperature stability and control. Simulta- 
neous temperature measurements were 
made in the cylinder, in the tumor (to 
specify intratumor temperature), and in the 
rectum of the mouse with a PT-6 ther- 
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TABLE I. EFFECT OF PoLY(I).PoLY(C) OR NDV WITH LOCAL HYPERTHERMIA (LH) ON SURVIVAL OF 
C57BV6 MICE BEARING THE 3LL TUMOR 

Mean survival -t SE Treatment 
Expt. No. Poly(I)*poly(C) NDV LH No. of mice (days) 

1 "  

+ 
+ 

2b + - 
- t- 

+ + 

9 
10 
1 1  
1 1  
1 1  
1 1  

1 1  
10 
1 1  
1 1  

15.1 * 0.3 
16.2 * 0.6 

17.4 * 0.5 
15.2 * 0.4 * 

14.0 * 0.6 ** 
17.3 0.6 

' I  In experiment 1 ,  0.2 ml of poly(I).poly(C), 500 pg/ml, and NDV (108 TCID,dml) was injected ip on Days 7 
and 14 after implantation of tumor. Six hours after each treatment the tumor-bearing leg was heated to 42.7" (in- 
tratumor temperature) for 1 hr. 

In experiment 2, 0.2 ml of NDV (lon TCID,dml) was injected 7 days after tumor inoculation, and 6 hr there- 
after the tumor-bearing leg was heated to 42.7" (intratumor temperature) for 1 hr. 

* P s 0.01. 
** P S 0.001; NS, not significant. 

mocouple (Bailey). Intratumor temperature 
was determined with fine-gauge Teflon- 
coated copper-constantan thermocouples 
(Type IT-1, Bailey). The leads from the in- 
stalled thermocouples were connected to an 
electronic control unit which included a 
continuous digital temperature readout and 
an XY recorder. 

Results. Local hyperthermia of the 3LL 
tumor-bearing limb of C57B1/6 mice ap- 
plied after tumor implantation did not 

modify survival time (Tables I and 11). 
Treatment of tumor-bearing mice with the 
interferon inducers poly(1). (C) and NDV 
afforded a slight but significant increase in 
survival (Expt. 1, Table I). This effect was 
increased by combined local hyperthermia 
for poly(I).(C) in experiment 1 (Table I) 
and for NDV in experiment 2 (Table I). 

As can be seen in Table 11, daily injection 
of mouse interferon (but not a control prep- 
aration) resulted in a clearcut increase in 

TABLE 11. EFFECT OF INTERFERON A N D  LOCAL HYPERTHERMIA (LH) ON SURVIVAL OF C57BU6J MICE 
BEARING THE 3LL TUMOR 

Treatment (l 
Mean survival * SE 

Interferon Control preparation LH No. of mice (days) 

- 

+ 
+ 

+ 
+ 

~~ 

- 10 19.4 2 0.5 

10 17.7 2 1.3 
+ 10 18.3 -t 0.9 - 
- 9 25.2 * 0.5 
+ 10 27.0 2 0.5 

15, *** 
+ 9 18.7 -t 0.5 
- 

I* 
Partially purified interferon (titer 3.2 x lop6 /ml) and control preparation (titer 2 x 10-l) injected daily (0.25 

ml ip) from - 1 day to 8 days after tumor inoculation. Local hyperthermia (42.7" for 1 hr) was applied to tumor- 
bearing leg 2, 5,  and 7 days after tumor implantation. 

* P < 0.05. 
*** P < lop9; NS, not significant. 
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survival time (in accord with previous re- 
sults (13)), and this effect was increased by 
local hyperthermia treatment. 

Discussion. Local hyperthermia alone 
did not exert any beneficial effect on mice 
bearing the 3LL tumor in these or in our 
previous experiments (8). However, when 
this treatment was associated with either 
exogenous or endogenous interferon ther- 
apy an increase in mouse survival time was 
observed, relative to either treatment 
alone. Although the mechanism of this ef- 
fect is unknown, some experimental data 
suggest that the inhibitory effect of inter- 
feron on viral multiplication and cell divi- 
sion (determined in vitro) is enhanced at 
elevated temperatures (14- 16). 

Although the differences between the 
different groups in our experiments were 
small, we believe that these results are of 
interest since they may provide an insight 
into the mechanism of action of antitumor 
drugs or biologic substances such as inter- 
feron as well as suggesting possible ap- 
proaches to antitumor therapy in man. 
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