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The progress in modern chemotherapy of onco-
logical patients improved the efficacy of the treatment�� 
however the development of the resistance to anticancer 
preparations is limiting their application. That’s why the 
researches directed on the development of effective 
anticancer therapy of chemoresistant tumors are urgently 
required. �uring last years�� the evidence for the existence 
of different mechanisms of the control of the sensitivity 
of tumor cells to chemopreparations and cytotoxic fac-
tors of antitumor immunity has �een shown [1] as well 
as some data on the increased antitumor efficacy upon 
com�ined application of the agents of chemo- and im-
munotherapy in vitro and in vivo [�—4]. 

Earlier we have shown that application of antitumor 
autovaccines prepared with the use of meta�olic pro-
ducts of B. subtilis В-���5 in com�ination with adjuvant 
chemoradiotherapy results in a positive immunological 
and clinical effects in �reast cancer patients [4�� 5]. 
The aim of the present reseach was to study whether 
chemosensitive �CS�� and chemoresistant �CR�� tumor 
cells may possess different antigenecity and immuno-
genecity. Taking into account that CR tumor cells may 
restore the sensitivity toward cellular and humoral fac-
tors of antitumor immunity [�—�]�� one may hypothesize 
that the vaccine prepared on the �ase of such cells 
may provide sufficient antitumor effect. 

MATERIALS AND METHODS
In the work�� adult male C5�Bl mice �.5 months old 

�red in the vivarium of R.E. Kavetsky Institute of Experi-
mental Pathology�� Oncology and Radio�iology NAS 
of Ukraine �Kyiv�� Ukraine�� were used. As experimental 
tumor�� Lewis lung carcinoma �LLC�� was used; the pa-
rental strain is chemosensitive �CS LLC��; chemoresi-

tant �CR LLC�� variant was o�tained �y sequential 
transplantation of LLC tumors from mice treated with 
cisplatin [1�]. All animal procedures were performed 
according to the rules of local Ethic Committee.

The course of tumor development has �een charac-
terized �y standard criteria: the rate of tumor appea-
rance�� tumor volume �in mm3���� medium survival time 
�MST��. The efficacy of vaccination was evaluated �y 
the index of tumor growth inhi�ition �ITI�� compared to 
respective control [11]. 

Preparation of cytotoxic lectins �CL�� was isolated 
�y the method [1�] from culture medium of B. sub-
tilis В-���5 grown on modified Gauze medium [13]. 
Antitumor vaccines �ATV�� were prepared �y method 
[14] using CL of B. subtilis B-���5 and the LLC cells 
of chemosensitive and chemoresistant variants. Vac-
cination was performed triply�� with � days intervals�� as 
su�cutaneous injection at the doses of �.3�� �.5 and 
�.� ml per animal. Mice from control group received 
the injections of physiologic solution �y the same 
scheme. On the day �� after vaccination�� LLC cells 
transplantation was carried out �Ta�le 1��.
Table 1. Experimental groups

Group Immunization Tumor transplantation
І Vaccine with CS LLC CS LLC
ІІ – CS LLC
ІІІ Vaccine with CS LLC CR LLC
IV Vaccine with CR LLC CR LLC
V – CR LLC

Immunologic examination of animals was done �e-
fore tumor transplantation �on the day �5 after immuniza-
tion���� and on days 1��� �5 and 3� after LLC transplantation. 
As the control�� intact animals as well as nonvaccinated 
mice that underwent LLC transplantation were used. The 
activity of the cells-effectors of antitumor immunity — cy-
totoxic T-lymphocytes �CTL���� macrophages �MP�� and 
natural killer cells �NK�� was evaluated in cytotoxic tests 
in vitro using radiometric assay [15�� 16]. 

Total pool of spleen lymphocytes �TPSL�� was iso-
lated from spleen�� and MP — from peritoneal cavity �y 
standard methods [1�]�� using differential centrifuga-
tion in verografin-ficoll gradient �ρ = 1.�����. NK-sen-
sitive К-56� cells served as targets for the lysis with 
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monocytes. Target cells were la�eled with 3Н-amino-
acid mixture �Amersham�� UK�� �1�.5 x 1�4 Bk/ml culture 
medium�� [1��� 1�]. The relation of effector cells: target 
cells was 5� : 1�� the duration of incu�ation — 1� h. Each 
sample was analyzed in triplicate. 

Statistical analysis was carried out using Student’s 
t-criterium [��].

RESULTS AND DISCUSSION
The study of immunological indexes of animals after 

vaccination �ut �efore tumor transplantation has shown 
that cytotoxic activity of effectors cells in vaccinated 
animals is significantly higher than that in intact animals 
�Fig. 1��. Vaccination with the use of CR LLC resulted 
in the increased cytotoxic activity of TPSL and MP ��y 
�1.� ± �.6% and �5.5 ± 5.6% respectively�� р < �.�5���� 
whilst vaccination using CS LLC — in the increased 
activity of TPSL �1�.� ± �.�%�� р < �.�5��. At the same 
time the activity of NK cells in �oth vaccinated groups 
remained at the same level as that in intact animals. 

Fig. 1. Cytotoxic activity of effector cells in in mice immunized 
with antitumor vaccine prepared with the use of cytotoxic lectines 
of B. subtilis B-���5 and of chemosensitive and chemoresistant 
LLC cells

In the study of Rodina AV et al. [1] it has �een shown 
that cytotoxic lymphocytes�� specific to tumor antigens�� 
and induced �y dendritic cells treated with tumor lisate 
or �y total tumor RNA�� are effectively destructing �oth 
sensitive and resistant tumor cells. Authors are suppos-
ing that such vaccine may induce pronounced antitumor 
response against highly resistant tumors; however�� 
these data have �een o�tained only in vitro. 

The study of the sensitivity of resistant tumors to 
the action of lymphocytes in vivo has �een reported 
in few works. For example�� in the experiments in vivo 
with rha�domyosarcoma strains sensitive or resistant 
to doxoru�icine it has �een demonstrated that CR 
tumor cells possess higher sensitivity to the action 
of lymphokine-activated cells �activation with IL-��� 
compared to CS tumor cells [��� �1].

Vaccination has markedly influenced the develop-
ment of transplanted tumors. Vaccination with the use 
of CS LLC resulted in the decrease in transplantation 
rate for homologous LLC cells up to 4�.� ± 1�.�% — 
nearly twice lower that the value in the control unvac-
cinated group ��5.� ± �.5�� р < �.�5��. Vaccination with 
the use of CR LLC resulted in the 3�.�% decrease in 
transplantation rate for homologous variant; tumors 
developed in 54.5 ± 13.3% cases versus �4.6 ± �.�% 

in control group�� р < �.�5��. In mice immunized with the 
use of CS LLC�� the rate of CR LLC transplantation was 
61.5 ± 1�.�% �р > �.�5��.

The latent period of tumor development was similar 
in vaccinated and unvaccinated groups �1�.5 ± �.� 
and 14.4 ± 1.� days�� р > �.�5��. However�� vaccination 
resulted in a marked tumor growth inhi�ition on days 
11�3� after transplantation �р < �.�5�� compared with 
the control group �Fig. ���. One should note that the 
maximal tumor growth inhi�ition �> �5% at days �1—3��� 
was registered in the group of animals vaccinated with 
CR LLC and �earing homologous tumors.

Fig. 2. Growth dynamics of chemosensitive and chemoresistant 
LLC in mice immunized with antitumor vaccine prepared with the 
use of cytotoxic lectines of B. subtilis B-���5 and respective 
tumor cells.

In all groups of vaccinated animals the inhi�ition 
of tumor growth was accompanied �y statistically 
significant �р < �.�5�� increase of MST �Ta�le ���; the 
maximal effect was detected upon vaccination with CR 
LLC upon transplantation of CR-tumor cells.
Table 2. Median survival time of experimental animals 

Group MST (Х ± m) t ІМ, %
I (n = 10) 80.20 ± 9.04 10.6* +74.7%
II (n = 10) 45.91 ± 3.46
III (n = 10) 65.52 ± 10.71 7.4* +68.47%
IY (n = 7) 72.10 ± 8.72 11.3* +85.44
Y (n = 8) 38.88 ± 0.82

The study of immunologic indexes �Ta�le 3�� has 
demonstrated that on day 1� after LLC transplantation 
in all vaccinated animals TPSL activity increased and re-
mained on a sta�le level during all terms of o�servation 
�eing significantly higher than that in intact animals and 
unvaccinated animals. Interestingly�� at day 3� in vacci-
nated mice that didn’t develop CR tumors�� the decrease 
of TPSL activity to 1�—1�% has �een registered.

Earlier it has �een shown that upon vaccination 
with LLC cells and CL of B. subtilis B-���5�� at the late 
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stages of tumor growth the activity of macrophages 
increased significantly [1�]. 

In our study�� in the group of unvaccinated animals 
at the day 1� after tumor transplantation the activity of 
MP was nota�ly increased �cytotoxic index �CI�� was 
3�.� and 36.5% in groups � and 5�� respectively���� �ut 
decreased on days �5�3� to 4.�—1�% �p < �.�5��. In vac-
cinated animals the MP activity also increased at early 
terms of tumor development �3�—53%�� �ut remained 
increased at late terms of o�servation: at day 3� in 
groups 1 and 4 that index yielded �6.5 ± �.3 and 33.� ± 
3.�% respectively �p < �.�5��. At the same time�� in group 
3 the activity of MP decreased to �% at day 3��� whilst in 
mice that didn’t develop tumors this value was higher 
than in a control group �44.� ± 6.3%�� p < �.�5��. 

Similar peculiarities were registered upon analysis 
of activity of natural killer cells �Ta�le 3��. At the day 3� in 
the group 3 the similar decrease in NK activity up to the 
level of control group was detected�� whilst the highest 
NK activity �44.� ± 6.6%�� at that term was registered in 
group 4�� corresponding with high survival rates �ІМ = + 
�5.44% compared to the control�� p < �.�5��.

So�� antitumor action of the vaccine prepared on 
the �ase of CR LLC cells and CL of B. subtilis B-���5 
is associated mostly with the activation of nonspecific 
chain of antitumor immunity. Such statement is sup-
ported �y the data of other authors [��] who showed 
that action of effectors of nonspecific resistance �MP�� 
NK cells�� in some cases may �e the main mechanism 
of antitumor defence of the organism.

The preliminary conclusion of that study allow to 
propose that antitumor vaccine prepared with the 
use of cytotoxic lectines of B. subtilis B-���5 and CR 
LLC possesses antitumor activity. This statement is 
proved �y tumor growth characteristics and activity of 
effector cells. At the same time�� the antitumor action 
of vaccines prepared with the use of chemosensitive 
and chemoresistant tumor cells is differing — in the 
last case�� the activity of macrophages and natural killer 
cells is higher and tumor growth inhi�ition is more pro-
nounced�� than in the case of chemosensitive variant. 
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Table 3. Cytotoxic activity of effector cells in the dynamics of growth of chemosensitive and chemoresistant LLC cells 
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Cytotoxic index (%), day after tumor transplantation

TPSL MP NK cells
12 25 38 12 25 38 12 25 38
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ІІ 15.6 ± 6.91 2.8 ± 2.8 2.2 ± 1.4 30.7 ± 5.61 10.0 ± 5.84 10.3 ± 4.34 22.6 ± 8.3 2.9 ± 2.9 18.97 ± 6.2
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IV 18.2 ± 7.81 23.7 ± 8.31 23.9 ± 12.41 43.2 ± 10.01 38.9 ± 7.41, 2 33.9 ± 3.81,2,7 34.9 ± 6.51 47.5 ± 6.91, 2, 3 44.8 ± 6.61, 3, 7

V 24.1 ± 6.11 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91 28.4 ± 5.91

1p < 0.05 compared with intact control; 2p < 0.05 compared with respective control of tumor growth; 3p < 0.05 compared to the indexes “before LLC trans-
plantation” in a group; 4p < 0.05 compared with the indexes on day 12 in a group; 5p < 0.05 compared with the indexes on day 25 in a group; 6p < 0.05 
compared with the indexes of group 1 in one point; 7p < 0.05 compared with the indexes of groups IІІ and ІV in one point.
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ПРОТИВООПУХОЛЕВАЯ ЭФФЕКТИВНОСТЬ АУТОВАКЦИН, 
ПРИГОТОВЛЕННЫХ ИЗ ХИМИОРЕЗИСТЕНТНЫХ ОПУХОЛЕВЫХ 

КЛЕТОК ПРИ ИСПОЛЬЗОВАНИИ ЛЕКТИНА B.subtilis B-7025 
Цель: незначительные успехи в борьбе с преодолением природной лекарственной устойчивости, с одной стороны, и 
существенные изменения, происходящие в опухолевых клетках под действием химиопрепаратов, с другой, обусловливают 
целесообразность проведения исследований, изменяется ли иммуногенность опухолевых клеток в процессе приобретения 
ими лекарственной резистентности и какова эффективность приготовленных из них вакцин. Методы: в работе 
использовали экспериментально-онкологические и иммунологические методы. Проведено изучение влияния вакцин, 
приготовленных с помощью цитотоксических лектинов B. subtilis В-7025 из клеток чувствительных и резистентных 
к действию цисплатина штаммов модельной опухоли (карцинома легкого Льюис — КЛЛ), на течение опухолевого 
процесса и основные эффекторные реакции противоопухолевой защиты. Результаты: получены данные, что вакцина, 
приготовленная с помощью цитотоксических лектинов B. subtilis B-7025 из клеток химиорезистентной КЛЛ, является 
иммуногенной, о чем свидетельствуют показатели торможения опухолевого роста и повышающаяся активность клеток-
эффекторов противоопухолевого иммунитета. Выводы: результаты исследования обосновывают возможность эффективного 
использования подобной вакцины в комплексной терапии при химиорезистентных опухолях.
Ключевые слова: противоопухолевая вакцина, химиорезистентная опухоль, клеточный противоопухолевый иммунитет, 
карцинома легких Льюис.
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