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Earlier we have shown that modification of tumor cells
(TC) with filtrate of culture medium (FCM) of
B.mesentericus ÀB-56 results in the activation of the sur-
face tumor antigens and respective increase of their im-
munogenecity [1]. The antitumor vaccine prepared by
mentioned technology is used for the prophylaxis of tu-
mor recurrency and metastasis [2, 3]. From FCM the ac-
tive component of glycoproteid origin with cytotoxic ac-
tivity toward TC has been isolated and used for vaccine
preparation; such vaccine has lower amount of ballast
components than the one prepared by routine method
and its production may be standartisized [4]. The present
research was aimed on the promotion of efficacy of auto-
vaccine based on glycoproteid (AVG) by the use of sor-
bents and autologic peritoneal macrophages (APM).
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Antitumor efficacy of the vaccine prepared on the base of glycoproteid, isolated from broth culture filtrate of
B. subtilis 7025 (AVG) modified using sorbents and autologous peritoneal macrophages  (APM) was studied in
vivo. The treatment of sarcoma 37-bearing mice with vaccine in combination with sorbent and peritoneal cells
resulted in inhibition of tumor growth, 1.5–3-fold increase of longevity, and the improvement of indices of humoral
and cellular immunity.
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Íà ìîäåëè ñàðêîìû 37 èçó÷àëè ýôôåêòèâíîñòü ïðîòèâîîïóõîëåâîé âàêöèíû, ïðèãîòîâëåííîé íà îñíîâå ãëè-
êîïðîòåèäà, âûäåëåííîãî èç ôèëüòðàòà êóëüòóðàëüíîé æèäêîñòè ìèêðîîðãàíèçìà B.subtilis 7025 (ÏÂÃ), êîòî-
ðóþ ìîäèôèöèðîâàëè ñ ïîìîùüþ ñîðáåíòîâ è àóòîëîãè÷íûõ ïåðèòîíåàëüíèõ ìàêðîôàãîâ (ÏÌ). Íàáëþäàëè
çíà÷èòåëüíóþ çàäåðæêó ðîñòà îïóõîëåé, óâåëè÷åíèå â 1,5–3 ðàçà ñðåäíåé ïðîäîëæèòåëüíîñòè æèçíè ìûøåé,
êîòîðûõ ëå÷èëè âàêöèíîé â êîìïëåêñå ñ ñîðáåíòîì è ïåðèòîíåàëüíûìè êëåòêàìè, à òàêæå óëó÷øåíèå ïîêàçà-
òåëåé ãóìîðàëüíîãî è êëåòî÷íîãî èììóíèòåòà.
Êëþ÷åâûå ñëîâà : Â.subtilis 7025, àóòîâàêöèíà, ïðîòèâîîïóõîëåâàÿ àêòèâíîñòü, öèòîòîêñè÷íîñòü, ïðîòèâîïóõî-
ëåâûé èììóíèòåò.

MATERIALS AND METHODS
In the work, male BALB/c 2 month old mice weight-

ing 18–20 g obtained from vivarium of R.E. Kavetsky
Institute of Experimental Pathology, Oncology and Ra-
diobiology NAS Ukraine (Kyiv, Ukraine) were used. As
a model, transplantable sarcoma 37 cells were used.
The sorbents were received from Department of Inor-
ganic Chemistry of T.G. Shevchenko Kyiv State Uni-
versity (Kyiv, Ukraine); the sorbents were tested by
ability to activate peritoneal macrophages ³n vitro [5].

AVG was prepared from the account 10 µg of gly-
coproteid per 1 · 106 TC per 1 ml according to [3]. Sar-
coma 37 cells were transplanted in the thigh (1 · 106 TC
per animal), and 2 days after transplantation the the-
rapy was initiated. Previously to vaccination, the sorp-
tion  of vaccine on the corbent was performed for 10 min
(2 mg of sorbent per animal on the total course of vac-
cination). APM were isolated from peritoneal cavity of
each animal prior to vaccination; then animals were
vaccinated either with AVG + sorbents, or AVG + sor-
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bents + 1 · 106 of APM/ml. Preparations were adminis-
tered by subcutaneous injection, triply with 1 week in-
terval; 2 weeks later, the last injection was performed.
The animals from the control group received injections
of physiologic saline by similar schedule.

Antitumor activity of preparations was evaluated by
dynamics of tumor growth, and by modulation index of
longevity (MI). Also, immunologic indexes were registered.

The levels of antibodies in the serum of experimental
animals was evaluated by ELISA with the use of sarcoma
37 antigens (50 µg per well); the last ones were received
by triple freezing/defrost procedure of TC with next cen-
trifugation of the lyzate. For the study, the sera of exper-
imental animals in the dilution 1 : 10 and anti-mouse-
immunoglobulin-antibodies labeled with peroxidase
(Amerscham, UK) in dilution 1 : 1000 were used; as sub-
strate, orthophenyldiamine was used. ELISA results were
registered using immunoenzyme analyzator (Titertek Mul-
tiskan, Finland) at wave length 492 nm in triplicate.

Activity of APM was evaluated by ability to reduce
tetranitrotetrazolium blue [5].

Direct cytotoxicity of blood lymphocytes was evalua-
ted by [6]. TC (5000 cells in 0.5 ml nutrient medium (80%
of Medium 199 + 20% of FCS + 50 U of gentamycine)
were cultivated during 18 h at 37 °C in athmosphere with
5% ÑÎ2; then murine lymphocytes isolated by Ficoll-
Verografin technique were added (the relation TC : lym-
phocytes — 1 : 20), and coincubation continued for 48 h
at 37 °C. At the end of coincubation, the number of vital
cells was calculated with the use of Tripane blue [7]. Cy-
totoxic effect was calculated as cytotoxic index (CI): CI =
(A – B)/A · 100%, where A is a percent of vital TC in a
control; B — is a percent of vital TC in an experiment.

Statistical analysis was performed with the use of
Student’s t-criterium and correlation coefficient [8].

RESULTS AND DISCUSSION
For modification of AVG 8 sorbents were used:

aerosyl, salicylalymine, and Cu(II)-, Vn(II)-, Mn(II)-bis-
salicyl-aliminates, às well as fulerene Ñ60,  physically
adsorbed on aerosyl surface or chemoadsorbed on
aminopropylaerosyl surface; also, APM were used.
Experimentally, it was found out that the most active
immunosorbents are aerosyl and fulerene Ñ60 (cova-
lent fulerene). Then TC transplantation and vaccina-
tion of experimental animals (see Materials and Me-
thods) was carried out.

Our data demonstrated that upon the therapy medi-
um longevity of life (MLL) of experimental animals was
1.5-fold longer in the case of vaccination with AVG +
aerosyl, and at 2.7-fold in the case of vaccination with
AVG + fulerene in comparison with control. If APM were
added to the complex, immunologic properties of vac-
cine AVG + aerosyl + APM were promoted significantly
(MLL in this group was 2.5-fold higher than in control
and in 20% of animals the regression of tumor growth
was observed). The efficacy of combination “AVG + co-
valent fulerene + APM” was nearly equal to that of AVG
sorbed on fulerene; MLL in this groups was also similar
and 1.5-fold higher than in control group.

 The analysis of tumor growth dynamics (Fig. 1) re-
vealed similar regularity in the groups that received AVG +
covalent-fulerene; AVG + covalent-fulerene + APM,
AVG + aerosyl + APM; and AVG + covalent-fulerene.
From the moment of TC transplantation and till day 27th

the significant inhibition of tumor growth was recorded
(volume of tumors < 0.7 cm3). Starting from day 27th and
till day 35th, activation of tumor growth occurred (tumor
volume is close to 2 cm3), till day 40th the process is
stable and after day 40th — progression of tumor growth.
In the control group, tumor growth is progressing in a
stable manner till the death of animals at day 24th. Near-
ly similar dynamics of tumor development was recorded
also in the groups treated with AVG, aerosyl, covalent
fulerene, ans AVG-sorbed on aerosyl : from the 1st day
after TC transplantation and till day 27th the inhibition of
tumor growth was registered, then — tumor progres-
sion and the death of animals at day 35th.

We have shown also, that APM activity in vaccina-
ted animals that ranged at 10–15% before vaccination
increased at day 7 in all studied groups. In the groups
that were treated with sorbents only, APM activity in-
creased by 30% at day 7 after initiation of therapy, was
stable till day 27, and then lowered. If the combination
of AVG with sorbents was applied, APM activity raised
by 50% at the day 7, and then remained stable (till day
32 in the group AVG + Aerosyl; till day 50 — in group
AVG + fulerene).  If the complex of AVG + sorbent +
APM was used, APM activity raised by 50% at day 7,
was stable till day 45, and then gradually decreased.

The data on determination of antibodies against tu-
mor antigens in the sera of experimental animals are
presented in Table 2. It was revealed that after the 3rd

vaccination (at day 24) the level of antibodies in the sera
of animals treated with complex “AVG + sorbent + APM”
was 4-fold higher than that in control group, then it tended
to decrease. The similar regularity was detected in the
group treated with AVG + covalent-fulerene. If the sor-
bents only were used, the level of antitumor antibodies
was close to that in control group (see Table 2).

Table 1.  Medium longevity of life of experimental groups of animals 

Preparation Number 
of animals 

MLL, days  t ð* MI, % 

AVG + covalent 
fulerene 

9 58.1 ± 1.58 2.6 < 0.05 168.9 

AVG + Aerosyl 10 32.7 ± 2.0 2.4 < 0.05 51.4 
AVG + covalent 
Fulerene + APM 

9 52.9 ± 2.28 3.3 < 0.05 144.9 

AVG + Aerosyl + APM 8 54.5 ± 1.48 1.78 > 0.05 152.3 
Covalent fulerene 8 34.1 ± 1.40 2.45 < 0.05 57.9 
Aerosyl 9 31.5 ± 1.23 1.56 > 0.05 45.8 
AVG 8 33.4 ± 1.61 2.3 < 0.05 54.6 
Control 9 21.6 ± 1.66    
* Compared to the control group. 

Table 2.  Data of ELISA reader (OD 432) on screening of the sera 
of experimental animals 

Preparation 24th day 55t h day 
AVG + covalent fulerene 0.956 0.295 
AVG + aerosyl 0.496 — 
AVG + covalent fulerene + APM 1.075 0.290 
AVG + aerosyl + APM 1.195 0.365 
Covalent fulerene 0.456 — 
Aerosyl 0.420 — 
AVG 0.678 — 
Covalent fulerene 0.322 — 
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Fig. 2. Cytotoxic activity of lymphocytes from the blood of ex-
perimental animals

The study of cytotoxic activity of lymphocytes (CAL)
(Fig. 2) demonstrated that in the case of use of sor-
bents only, CAL increased till day 20 (by 36% and 32%
for covalent-fulerene and aerosyl, respectively), and
then gradually decreased. If the combination of AVG +
sorbent + APM was applied, CAL increased till day 28
nearly by 50%, and then gradually decreased. Similar
tendency was observed also in the group treated with
AVG + covalent-fulerene. In the case of AVG + aerosyl
application, CAL increased till day 28 (by 42%), then
quickly decreased and was equal to 35% at day 35.

In conclusion, modification of autovaccine with the
use of sorbents and APM significantly promotes its
antitumor properties, possibly, via adhesion of AMP and
AVG components on the surface of sorbents. However,
the modified AVG supports immune reactions till some
period, but then became unsufficient; maybe, the regi-
men of immunogen introduction is not optimal and the
next studies will clearify this point.
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Fig. 1.  Dynamics of tumor growth in the groups of experimental
animals
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