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Aim: To study in vivo efficacy of combined administration of cancer vaccine (CV), interferon (IFN) and inducer of endogenous IFN — amixin.
‘Materials and Methods: Sarcoma-37 cells were transplanted to female Balb/c mice. For the treatment, CV prepared from sarcoma-37 cells
with the use of cytotoxic lectines from B. subtilis B-7025, murine IFN and amixin or their combinations were used. IFN production,
content of circulating immune complexes and level of specific IgG antibodies in blood serum were determined by standard immunologic
methods. Results: Using solid form of sarcoma-37 it has been shown that introduction of IFN and amixin significantly elevated efficacy
of vaccine therapy, in particular index of tumor growth inhibition reach 89.2% and 81.7%. Upon combined use of CV and IFN or CV and
amixin (25 mg/kg) respectively. Significant prolongation of average life span of the animals treated with CV and IFN or CV and amixin
(25 mg/kg) has been registered (up to 92.7 + 10.4 and 95.0 + 6.2 days respectively, vs 46.8 + 1.5 days for control animals). Conclusion:
Obtained results have shown expediency of the development of schemes for combined introduction of CV with exogenous IFN, and with
inducer of endogenous IFN (amixin) for elevation of efficacy of vaccine therapy.
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Unsatisfactory results of traditional methods of cancer
therapy determine the need for search of new means ele-
vating anticancer resistance of organism. Activation of the
mechanisms of immune surveillance is an important way
to solve the task. Presently the development of immuno-
therapeutical approaches, in particular, cancer vaccines
(CV) is considered as the most promising approach.
Analysis of modern data evidence on high prophylactic
and therapeutic efficacy of combined use of specific CV
with adjuvants of different origin [1, 2], including various
cytokines able to stimulate immune response [3, 4].

Interferon (IFN) was among the first cytokines success-
fully applied in clinical practice for activation of unspecific
resistance upon viral infections and immunodeficiency
state [5]. IFN as natural factor of antitumor defense isone
of key modulators of immune response, and influences
the processes of antigen recognition, differentiation,
recruitment and functional activity of immunocompetent
cells. Also IFN has direct influence on tumor growth and
differentiation and act as apoptosis inducer [6, 7].

Effects of IFN related to elevation of tumor immu-
nogenecity and its altered sensitivity to cytotoxic and
differentiation-stimulating action of T-lymphocytes are
of particular interest [7], as well as the role of IFN at
combination with other biological agents. The special
attention is focused on the study of effects of IFN com-
bined with active specific immunization [8-10].

That’s why the search for compounds able to activate
synthesis of endogeneous IFN — so called IFN inducers,
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is of great importance [11, 12]. Amixin (tyrolon, 2,7-bis
[2-(diethyamino) etoxy] fluorenon-9 dihydrochloride) is
a peroral low molecular weight inducer of endogenous
IFN that may be used for prophylaxis and therapy of
anumber of diseases. Activity of this preparation is related
to its immunomodulating properties, ability to normalize
impaired immune reaction of organism, renew a balance of
important elements of immune system [13—15]. The data
on significant antitumor activity of amixin were obtainedin
experimental studies using model tumors, and in clinical
trials for melanoma, breast cancer, renal-cell cancer [13].
Moreover, it has been shown that combined use of amixin
and anticancer drugs promoted growth inhibition of ex-
perimental tumors and decreased metastasis rate [16].
In our earlier studies it has been shown that intro-
duction of IFN to CV significantly elevated efficacy of
vaccine therapy of Lewis lung carcinoma [17]. The aim
of present research was to evaluate possible benefits
of the use of amixin for elevation of CV efficacy, and to
compare the obtained results with these for IFN.

MATERIALS AND METHODS

In the work, female Balb/c mice weighting 18-20 g,
2.0-2.5 months old bred in the vivarium of IEPOR
NASU (Kyiv, Ukraine) were used. As tumor model, solid
form of sarcoma-37 was used.

Experimental animals (n =8 per group) were routinely
transplanted intramuscularly with 5.0 x 10° tumor cells,
and received the treatment according to the scheme
of experiment (Table 1). CV was prepared from sar-
coma-37 cells and cytotoxic lectine (CL) from B. subtilis
B-7025 according to the method [18, 19]. CVwas admini-
stered 5 times at equal doses (0.3 ml) subcutaneously
on days 1, 4, 8, 12 and 15 after tumor transplantation.
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Experimental protocols and procedures were aproved
by the Ethical Committee of IEPOR.

Table 1. Therapeutic experiment scheme for a study of efficacy of
combined use of CV and IFN or CV and amixin in sarcoma-37-bearing mice
Scheme of administration

Group _ Treatment o IFN or amixin
1 CV By 0.3 ml; s/c; 5-times; -
atdays 1,4, 8, 12and 15
2 IFN - By 1000 U., 5-times; i/p;
atdays 1,3,7, 11 and 14
3 CV+IFN By 0.3 ml; s/c; 5-times; By 1000 U, 5- times; i/p;
atdays1,4,8,12and 15 atdays1,3,7, 11 and 14
4 Amixin - By 10 mg/kg in 0.5 ml PS;
(10 mg/kg) per 0s, 2 h prior to CV
5 CV+amixin  By0.3ml s/c; 5-times; By 10 mg/kg in 0.5 mI PS;
(10 mg/kg) atdays 1,4, 8, 12and 15 per os, 2 h prior to CV
6  Amixin - By 10 mg/kg in 0.5 ml PS;
(25 mg/kg) per 0s, 2 h prior to CV
7 CV+amixin  By0.3ml, s/c; 5-times; By 25 mg/kg in 0.5 ml PS;
(25 mg/kg)  atdays1,4,8,12and 15 peros, 2 h prior to CV
8  Control of - -
transplantation

Preparation of murine IFN kindly gifted by Dr. Kudrya-
vets was administered 5 times intraperitoneally by
1000 U in 0.5 ml physiologic solution (PS) 24 h prior to
CV introduction. Substance of amixin was supplied by
0SS “Interkhim”, preparation was administered p.o.
5 times at the doses of 0 mg/kg or 25 mg/kg in 0.5 ml,
2 h prior to CV administration. The animals from control
group received PS in equal manner and time points.

Efficacy of treatment was evaluated by common
tumor growth characteristics, survival and average life
span (ALS) of control and experimental animals.

Immunological studies were performed at days 14,
30 and 40 after tumor transplantation, and include deter-
mination of the content of circulating immune complexes
(CIC)isolated by precipitation with PEG-6000, and analysis
of the level of specific IgG antibodies in blood serum by
immunoenzyme reaction [20]. Production of IFN was
evaluated by titration of blood serum for its ability to inhibit
cytopathogenic action of vesicular stomatitis virus [21].

Significance of the differences between the para-
meters was evaluated by Student’s t-criterium [22]. Cal-
culations were done using Microsoft Excel program.

RESULTS AND DISCUSSION

Analysis of growth dynamics of sarcoma-37 in the
groups of animals treated with studied preparation has
demonstrated its significantinhibition (Fig. 1). For exam-
ple, in animals that received IFN or amixin at monoregi-
men, tumor growth inhibition (TGI) index was in a range
65-75%, but the difference between experimental
groups was insignificant (o > 0.05) (Fig.1, a). Respective
index in mice treated with CV was 81.2% (Fig. 1, b).

Upon application of combined scheme of introduction
of studied preparations, the best results were observedin
mice that received CV and IFN: TGl was equal to 89.2%.
Combined introduction of CV with amixin was also effec-
tive, if amixin was introduced at the dose of 25 mg/kg:
TGl was 81.7%. The results of combined use of CV with
10 mg/kg amixin were more worse thenin the case of sep-
arate administration of CV or amixin (TGl = 53.8%, 81.2%
and 66.5%, respectively; p < 0.05). It seems thatlow-dose
amixin caused even antagonistic effectin its combination
with CV. The mechanisms of such effect should be clarified.
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Fig. 1. Dynamics of tumor growth in sarcoma-37-bearing mice treated
with IFN or amixin at monoregimen (a) or in combination with CV (b)

The studied preparations possess different effect

on efficacy of sarcoma-37 transplantation (Fig. 2, a).
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Fig. 2. Efficacy of sarcoma-37 cells transplantation into animals treated
with IFN or amixin at monoregimen (a) or in combination with CV (b)

At day 12, all animals from control group develop
tumors, but introduction of IFN or amixin at the doses
of 25 and 10 mg/kg caused retardation of this process
(at the day 12 indexes of transplantation were 57.1;
50.0 and 37.5%, respectively), however later the tumors
developed in all animals. In particular, in mice treated
with amixin at both doses, the tumors developed at the
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day 41. Introduction of CV resulted in decreased transp-
lantation efficacy in all experimental groups (Fig. 2, b).
In CV-treated mice this index decreased to 62.5%, and
in animals treated with combination of CV with IFN or
amixin transplantation efficacy was 75%.

Animal survival rate (Fig. 3) was elevated in all experi-
mental groups: while in control group all animals die be-
fore day 54, in IFN-treated mice thisindexwas 71 days,
and only 62.5% animals died at day 84, if both doses
of amixin were used. The highest survival has been
recorded in mice treated with combination of CV with
IFN or amixin (25 mg/kg) — at day 84, only 25% animals
dies in each group, and such index was significantly
higher compared to the use of CV at monoregimen or
with amixin at low dose (62.5% in each case).

100 -

schemes of IFN or amixin administration (Table 3).
Compared to the control group, in all experimental
groups there was observed elevation of IFN titers at
day 14 and especially at day 30 of tumor growth, and its
decrease at day 40. In control tumor bearing animals

these indexes were 1:64; 1:64; 1: 16 respectively.
Table 2. Average life span of sarcoma-37-bearing mice treated with
IFN or amixin at monoregimen or in combination with CV

Grou Treatment Number ALS

P of animals _ X*m t M1%
1 CV 8 79.3+10.9 293 69.4
2 IFN 8 64.7+10.1 1.73 38.2
3 CV+IFN 8 92.7+10.4 4.31 98.0
4 CV+amixin 10 mg/kg 8 77.0£7.8 3.79 64.5
5  Amixin 10 mg/kg 8 77.0£10.1 3.04  66.8
6 CV+amixin 25 mg/kg 8 95.0+6.2 7.56 1029
7 Amixin 25 mg/kg 8 79.0+59 5.32 68.8
8  Control 8 46.8+1.5

Table 3. IFN titers in blood serum of sarcoma-37-bearing mice treated
with IFN or amixin at monoregimen or in combination with CV
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Fig. 3. Survival of sarcoma-37-bearing animals treated with IFN
or amixin at monoregimen (a) or in combination with CV (b)

Analysis of ALS (Table 2) was in agreement with these
observations: the bestresults were registered exactly upon
combined use of CV and IFN or CV with 25mg/kg amixin
(ALS indexes were 92.7 + 10.4and 95.0 £ 6.2 days vs
46.8 + 1.5 daysin control group, p < 0.05). These indexes
were significantly higher than these for separate use of
each preparation (ALS indexes in mice treated with CV,
IFN or 25 mg/kg amixin atmonoregimenwere 79.3 +10.9,
64.7+10.1,and 79.0 £5.9 days, respectively). So, above-
mentioned data allow state elevation of efficacy of CV upon
its combined use with IFN or amixin. Decreased amixin
dose (10 mg/kg) introduced into combined scheme did
not cause such effect: ALS did not differ significantly
from that for separate introduction of (77.0 + 7.8 vs
77.0 +10.1 days, p > 0.05), but was significantly higher
than ALS in control group (p < 0.05).

Determination of IFN titers in blood serum of
experimental animals did not reveal the peculiari-
ties explaining clearly the different efficacy of used

Using immunoenzyme assay (IEA) we have deter-
mined the level of sarcoma-37 antigens in blood serum
of experimental animals (Fig. 4). The results evidence
on significant increase of this index in control animals
during all terms of observation, even at late stages of
tumor growth, however, in mice treated with IFN or CV at
monoregimen or in combination, the level of antitumor
antibodies was higher, pointing on immunostimulating
action of the preparations. The use of amixin at the dose
of 25 mg/mlin both schemes significantly decreased this
index compared to the control. In contrary, introduction
of low-dose amixin resulted in the level of antibodies at
days 30-40 of tumor growth close to control values, while
its combined use with CV also leads to sharp decrease of
1gG levels at the late terms of tumor development.

The study of content of medium-molecular weight
CICin blood of control tumor-bearing group has shown
its elevation compared to intact animals, as well as its
drasticincrease (upto 0.777 ou.) at late stages of tumor
growth (Fig. 5). Upon administration of IFN, the dynam-
ics of CIC content seems to be similar to that of intact
animals, except its low value (0.183 ou.) at day 14 of
tumor growth. At day 14 similarly low level of CIC has
been detected also in the case of CV administration
(at monoregimen or in combination with IFN), but in
this case at day 40, sharp decrease of CIC level was
observed after elevation of thisindex at day 30 charac-
teristic for the majority of experimental groups.

In contrary, introduction of amixin was accompanied
with elevation of CIC level at day 14 of tumor growth
(0.520-0.540 ou), close to this index in the group of
tumor-bearing control animals. However, at day 40, CIC
level has been decreasing fluently (25 mg/ml dose), or
sharply (10 mg/mldose). Combined use of amixinand CV
also leadsto sharp decrease of CIC contentin blood serum
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at respective time point. Itis necessary to note that at late
terms after tumor transplantation (day 40) in mice treated
with CV or amixin by different schemes, sharp decrease
ofthisindex has been registered compared to control ani-
mals; according to the data of literature, such effect point
on favorable prognosis of the disease [23, 24]. In our study
itwas accompanied by significant tumor growth inhibition

and elevation of life span of vaccinated animals.
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Fig. 4. IgGlevelsin blood serum of sarcoma-37-bearing mice treated
with IFN or amixin at monoregimen (a) or in combination with CV (b)
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Fig. 5. CIC levels in sarcoma-37-bearing mice treated with IFN
or amixin at monoregimen (a) or in combination with CV (b)

In conclusion, above mentioned results have de-
monstrated that inducer of synthesis of endogenous
IFN amixin at a dose of 25 mg/kg as well as exogenous
IFN at a dose of 1000 U are able to elevate equally an-
ticancer action of the vaccine. Our data evidence on
possibility for improvement of efficacy of cancer vaccine
via development of combined schemes for its use.
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NMOBbILUEHUE 3PDEKTUBHOCTU NPOTUBOONMYXOJIEBOM
BAKUUHbI UHTE®PEPOHOM U UHAYKTOPOM CUHTE3A
SHAONEHHOINO UHTEP®EPOHA — AMUKCUHOM

Ileav: u3yuuTs B 3kcriepuMenTe 3¢ (heKTHBHOCTh KOMOMHUPOBAHHOI CXeMbI BBeIeHHS MPOTHBOOMYX01eBoii BakiuHb (CV) ¢ uHTED-
tdeponom (MPH) u unaykropom sunorennoro U®H — amukcunom. Mamepuaavt u memooot: capkomy-37 TPAHCILUIAHTHPOBAJIH
mbimam-camMkam Balb/c. I aeyenust ucnonb3opaau CV, NPUroTOB/IEHHYIO U3 KJIETOK CAPKOMbI-37 ¢ MOMOUIBIO IIUTOTOKCHYE-
CKHUX JIeKTHHOB B. subtilis B-7025, mpiumnbiii UO®H (1000 ex.) u amukcun (10 u 25 mr/kr). IMMyHo/I0rHYecKre UCCIeI0BAHUS
BKJIIOYAJIM Onpejiesienne B cbiBopoTke KpoBu TuTpoB MMDH, KosmyecTBa MPKYIMPYIOMIUX UMMYHHBIX KOMILIEKCOB M YPOBHS
cnenuuyecKux NpoTuBoonyxoseBbix IgG-anturen. Pe3yismamor: Ha Moneau couaHoii opmbl capkombi-37 MOKa3aHo, YTO
npumenenne UMOH n aMuKcHHA 10CTOBEPHO CIOCOOCTBYET MOBBIIEHHIO PE3Y.JIbTATOB BAKIMHOTEPANNH, 2 UMEHHO, IPU KOMOU-
HupoBaHHoM ucnosib3oBanuu CV u UDH unnekc Topmoxenus onyxosesoro pocra (MTO) nocruran 89,2%; npu coueranuun CV
u amukcuna (25 mr/kr) UTO cocrasua 81,7%. 3aperncTpupoBaHo CynieCTBEHHOE YBeJIMYEHHE CPEIHEil MPOJA0KUTETbHOCTH
JKU3HM XKUBOTHBIX, noayunBmmx CV ¢ UPH wiau amukcunom (25 mr/kr), 10 92,7 + 10,4 u 95,0 £ 6,2 cyT cOOTBETCTBEHHO, 1O
CPABHEHMIO C TAKOi KOHTPOJIbHBIX Mbiieii (46,8 £ 1,5 cyt, p < 0,05). Boigodsi: noydeHHbIe Pe3y/IbTaThl CBUIETEIbCTBYIOT O
NepCneKTHBHOCTH Pa3padoTKu KoMOMHUPOBaHHBIX cxeM BBeaeHus1 CV kak ¢ npenaparom ak3orenHoro MPH, Tak u ¢ MHIyKTOpOM
angorenHoro UMOH (aMuKCHH), YTO MO3BOJISIET MOBBICUTH 3 ()EKTHBHOCTH BAKIMHOTEPATIHHM.

Karouesvie caosa: npoTHBOONYX0JIeBasi BAKIMHA, UHTEPGEPOH, AMUKCHH, IKCIIEPUMEHTAILHAS ONYX0J1b, IOKA3aTeJIM MMMYHUTETA.
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