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Hyperthermia is becoming a new promising therapeutic
tool for oncology. As a rule, it is integrated as adjunct in
multimodal anti-cancer strategy, predominantly in com-
bination with radiotherapy, chemotherapy or both. Nu-
merous effects of hyperthermia upon target tumor cells
and host immunity may cause tumor growth delay, re-
duction of tumor volume, enhanced response to tumor
therapy and, as the result, improved rate of patient’s sur-
vival [1-3]. Hyperthermia was reported to possess direct
effect upon tumor cells by inducing their apoptosis and
necrosis, and by affecting tumor-induced neoangioge-
nesis [4, 5]. Nevertheless, it is likely to be superior that
hyperthermia has an indirect effect on host antitumor de-
fense, preferentially by augmentation of tumor cell im-
munogenicity [3]. It should be important, because the
growing tumor generates multiple deviations to escape
host immune control [6]. Therefore attempts to combine
several immunoenhancing mechanisms have been un-
dertaken [7, 8]. The purpose of our study was to deter-
mine if combination of hyperthermia and administration
of widely used cytokine interleukin-2 (IL-2) will potenti-
ate antitumor defense in tumor-bearing rats. Our results
demonstrated that combination of single application of
WBH and single injection of IL-2 resulted in enhanced
antitumor defense against growing sarcoma in rats.

MATERIALS AND METHODS
In experiments, female white nonbred 2-3 months

old rats weighting 140-160 g obtained from N.N. Ale-
xandrov Research Institute of Oncology & Medical Ra-
diology (Minsk district, Belarus) were used. Animal ex-
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periments were performed according to the Rules of
Ethic Committee of N.N. Alexandrov Research Insti-
tute of Oncology and Medical Radiology.

IL-2 (RoncoleukinO) was obtained from Biotech
(St-Petersburg, Russia).

Sarcoma strain 45 (Sa 45) tumor cells were obtained
from Blokhin’ Cancer Research Center, Russian Aca-
demy of Medical Sciences (Moscow, Russia). Tumor
transplantation was performed by subcutaneous injec-
tion of 0.5 ml of tumor cell suspension (1 · 106 cells) into
lower part of left femoral region. 5 days later, the rats
with proven subcutaneous tumor growth underwent the
next treatment: a) negative control group, without treat-
ment, b) the group treated with hyperthermia in tempe-
rature-controlled water bath, +42.5 °C for 1 h (WBH),
c) the group treated with single regional subcutaneous
injection of IL-2 (10 000 U/kg of body weight), d) the
group treated with single regional subcutaneous injec-
tion of IL-2 (10 000 U/kg of body weight) 1 h prior to
WBH application, e) the group treated with single re-
gional subcutaneous injection of IL-2 (10 000 U/kg of
body weight) 1 h post WBH application, f) positive con-
trol group treated with single intraperitoneal injection of
cyclophosphamide (Cy, 60 mg/kg of body weight). There
were 5-10 rats in each group as indicated.

Prior to each manipulation animals were anesthe-
tized with droperidol and fentanil (respectively 5 mg/kg
and 0,05 mg/kg of body weight intramuscularly).

In vivo antitumor activity was evaluated as described
[9, 10] and the next parameters were evaluated: 1) tu-
mor size was determined with calipers by measuring
three orthogonal diameters (a, b, c) of the tumor no-
dule twice per week till day 33 after tumor inoculation;
the tumor volume in cm3 was calculated according to
the formula: V = (a × b × c) π/6; 2) antitumor effect of
the treatment was determined as inhibition of tumor
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growth rate in comparison with untreated control; tu-
mor growth inhibition ratio (TGIR, in %) was calculated
as TGIR = [(Kc – Ke)/Kc] × 100%, where Kc and Ke  are
the sizes of tumor in the control and the experimental
group of animals respectively; 3) mean survival time of
tumor-bearing rats died up to day 100 of observation
(in days) was registered; 4) percentage of cured rats –
proportion of rats without detectable tumor at day 100
of observation after tumor cells inoculation as com-
pared to total number of animals in group; 5) mean
survival time of tumor-bearing rats, died to day 100 of
observation (in days); 6) percentage of cured rats –
proportion of rats without detectable tumor at day 100
of observation after tumor cells inoculation as com-
pared to total number of animals in group.

Statistical analysis. All experiments were repeated
triply. The tumor size meanings were analyzed by de-
scriptive statistics such as mean + SE values. Unpaired
Student’s t-tests were used for all calculations. The limit
of significance for all analyses was defined as p = 0.05.

RESULTS
Preliminary experiments were undertaken to define

the optimal heating regimen of animals in temperature-
controlled water bath. We determined that the time re-
quired to reach rectal temperature of +42 °C should be
at least 45 min (data not shown). Both heating at
+42.5 °C and procedures for drugs inoculation did not
influence rat survival or behavior.

As shown in Fig. 1, an application of single procedure
of WBH at +42.5 °C at day 5 post tumor transplantation
resulted in a significant delay of tumor growth in rats com-
pared to negative control (p < 0.05) starting from day 22
to day 33 after tumor transplantation. Single injection of
IL-2 (10 000 U/kg) had the similar result. The combined
use of WBH and IL-2 possessed a summarized effect,
resulting in significant (P < 0.05) augmented tumor growth
inhibition recorded at day 19 post tumor transplantation.
Moreover, this summarized antitumor effect of WBH and
IL-2 was analogous to effect of cyclophosphamide treat-
ment. Comparison of the regimens for WBH application
(prior or after IL-2 injection) did not reveal significant dif-
ference in two of three experiments.

We have shown that separate application of WBH
or IL-2 augmented the TGIR meaning at early stages

of tumor growth (up to day 16) (Fig. 2). During period
of observation from day 16 to day 33 this value was
constant (slightly higher for IL-2). In contrast, summa-
rized effect of WBH and IL-2 increased the rate of tu-
mor growth inhibition both at early and late stages of
tumor growth. It resulted in gradual increase the TGIR
meanings from 40-50% at day 9 to 80-90% at day 33
of observation. This kinetic  differs also from positive
control group (cyclophosphamide administration) where
evident increase the TGIR meaning was observed dur-
ing days 9-16 after tumor transplantation, and was
constantly high later (80-85% of inhibition).

Further we have analyzed the therapeutic efficacy
of WBH and IL-2 application upon mean survival rate
and percentage of cured tumor-bearing rats at day 100
after tumor transplantation. As it is shown in Table, che-
motherapy with cyclophosphamide significantly en-
hanced mean survival time of tumor-bearing animal in
2 of 3 experiments in comparison with control group.
Combined (but not separate) application of WBH and
IL-2 also resulted in substantial increase of mean sur-
vival time, that was significantly higher in the majority
of experimental groups versus control. Combination of
WBH and IL-2  had nearly the same therapeutic effi-
cacy as chemotherapy with cyclophosphamide, and the
order of WBH application prior or after IL-2 injection
didn’t influence antitumor therapeutic effect.
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Fig. 2. Tumor growth inhibition ratio (TGIR) at days 9, 16, 23 and
33 after tumor transplantation in control group and experimental
groups after treatment with whole-body hyperthermia, IL-2, com-
bined application of WBH and IL-2, cyclophosphamide. The data
from one typical experiment are shown (5-7 animals/group).

Table. Survival rate of tumor-bearing rats upon applied treatment regimen 

Mean time of rat survival (days) Groups 
Experiment 1 Experiment 2 Experiment 3 

C 34.4 + 1.62 47.3 + 2.79 46.43 + 3.1 
WBH 37.3 + 2.74 52.0 + 5.98 54.4 + 6.14 
IL-2 36.6 + 1.8 53.6 + 5.61 60.6 + 5.05* 
IL-2+WBH 40.6 + 2.49* 60.0 + 6.0* 60.8 + 6.77* 
WBH + IL-2 41.3 + 3.53 57.2 + 7.47 68.6 + 10.84* 
Cy 42.0 + 2.04 * 58.0 + 9.28 68.67 + 7.69* 
Footnotes: Each animal group in experiment 1 included 6-10 rats and in 
experiment 2 and 3 – 5-7 rats. The rats survived > 100 days were excluded 
from calculation. *p < 0.05 in comparison with control (C) animal group 
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Fig. 1. Tumor growth curves in control group and experimental groups
after treatment with whole-body hyperthermia, IL-2, combined ap-
plication of WBH and IL-2, cyclophosphamide. The data from one
typical experiment are shown (5-7 animals/group).
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Finally, we have analyzed if WBH and IL-2 applica-
tion may influence the rate of cured animals. As shown
in Fig. 3, cured rats were found only in the groups treat-
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ed simultaneously with WBH and IL-2, or cyclophos-
mamide. Nevertheless, curative effect was constant for
chemotherapy with cyclophosphamide and inconsistent
for different regiments of WBH and IL-2 application.

DISCUSSION
Sarcoma 45 is a commonly used model in rats that

is sensitive to chemotherapy with cyclophospamide [9].
The experiments presented herein demonstrated that
this sarcoma strain is also susceptible to biotherapy by
WBH and IL-2. Among mechanisms, utilized by WBH
and IL-2 in antitumor defense there are both common
and separate ones. It is well known, that WBH induces
an overexpression of heat shock proteins (hsp 70) [11]
and MHC class I antigens [12], that markedly increas-
es an immunogenicity of tumor cells and elicit antigen-
specific T cell response [10, 13]. Hyperthermia pro-
motes antitumor CD8+ T killer cell generation via MHC
class I–independent hsp-dependent pathway [14]. It is
essential, that tumor cells themselves (but not tumor
antigens) are the inducers of effective antitumor re-
sponse [15]. It is known, that tumor cells usually are
weakly immunogenic, but acquire immunogenic phe-
notype after becoming apoptotic as the result of action
of the drugs or physical agents including hyperthermia
[4, 8, 16]. Hyperthermia-induced tumor cell apoptosis
and necrosis contribute to induction a protective anti-
tumor Th1-type, but not Th2-type immune response
[4, 5]. The list of costimulatory molecules, required for
effective T cell-specific immune response usually in-
cludes Il-2 as second signal [17]. It is known that ap-
plication of only IL-2 elicits early antitumor response,
mediated by nonspecific γδ T cells [18]. In contrast,
long-lasting effective antitumor defense against grow-
ing tumor cells in vivo depends on antigen-specific
CD4+ T helper and CD8+ T killer cells [15, 19, 20]. Not
only IL-2 but other IL-2 –inducing cytokines contribute
to generation of long-lasting antitumor T cell response.
Interestingly, hyperthermia may induce lymphocyte
mitogenic factors that are required for immune response
[21]. Nevertheless, currently IL-2 is considered as the
most effective inducer of antitumor immune response
in experiments and clinical practice [8, 20, 22] and has
been shown to have higher efficacy if administered in
combination with other immunotherapeutic agents

[7, 18, 22]. In this regard our study was the first one to
demonstrate the improved survival and tumor growth
inhibition in vivo upon combined application of hyper-
thermia and IL-2 administration.
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Fig. 3. Survival rate in control and experimental groups after treat-
ment with whole-body hyperthermia, IL-2, combined application
of WBH and IL-2, cyclophosphamide counted at day 100 of ob-
servation. Mean data of three independent experiments are pre-
sented. *** p < 0.001 in comparison with control group.
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ÏÐÈÌÅÍÅÍÈÅ ÊÎÌÁÈÍÀÖÈÈ ÃÈÏÅÐÒÅÐÌÈÈ È ÈÍÒÅÐËÅÉÊÈÍÀ-2
ÄËß ÓÑÈËÅÍÈß  ÏÐÎÒÈÂÎÎÏÓÕÎËÅÂÎÉ ÇÀÙÈÒÛ ÊÐÛÑ

Èçâåñòíî, ÷òî ãèïåðòåðìèÿ îêàçûâàåò ïðîòèâîîïóõîëåâîå äåéñòâèå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëå-
äîâàíèÿ âëèÿíèÿ îáùåé ãèïåðòåðìèè (ÎÃ, +42,5 îÑ, 1 ÷) â êîìáèíàöèè ñ ðåãèîíàðíûì ââåäåíèåì èíòåðëåéêè-
íà-2 (ÈË-2/Ðîíêîëåéêèí, 10000 ÅÄ/êã ìàññû òåëà) íà ðîñò ïîäêîæíîé ñàðêîìû 45 ó áåëûõ áåñïîðîäíûõ
êðûñ. Îòìå÷åíî, ÷òî êîìáèíèðîâàííîå ïðèìåíåíèå ÎÃ è ââåäåíèÿ ÈË-2 ÷åðåç 5 äíåé ïîñëå èíîêóëÿöèè îïó-
õîëè ïðèâîäèëî ê çàäåðæêå îïóõîëåâîãî ðîñòà, óâåëè÷åíèþ ïðîäîëæèòåëüíîñòè æèçíè è ïîâûøåíèþ ÷àñòîòû
èçëå÷åíèÿ æèâîòíûõ ïî ñðàâíåíèþ ñ òàêîâûìè ñðåäè íå ïîëó÷àâøèõ òåðàïèþ èëè ïîëó÷àâøèõ òîëüêî ÎÃ èëè
ÈË-2. Òåðàïåâòè÷åñêàÿ ýôôåêòèâíîñòü êîìáèíàöèè ÎÃ + ÈË-2 áûëà ñðàâíèìà ñ òàêîâîé îò ââåäåíèÿ öèêëî-
ôîñôàìèäà, ê êîòîðîìó îïóõîëü ÷óâñòâèòåëüíà. Ñäåëàíî çàêëþ÷åíèå î òîì, ÷òî ñîâìåñòíîå ïðèìåíåíèå ÎÃ è
ÈË-2 ÿâëÿåòñÿ ýôôåêòèâíûì äëÿ èììóíîòåðàïèè îïóõîëåé.
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