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CYTOTOXIC ACTIVITY OF IMMUNE CELLS FOLLOWING 

ADMINISTRATION OF XENOGENEIC CANCER VACCINE IN MICE 

WITH MELANOMA B-16
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G.V. Didenko, G.S. Lisovenko, L.M. Evstratieva, G.P. Potebnya
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Kyiv 03022, Ukraine

Aim: To study the effects of xenogeneic cancer vaccine (XCV) developed on the basis of nervous tissue antigen from rat embryo 
of late gestation period and protein-containing metabolite of Bacillus subtilis with molecular weight of 70 kDa, on specific and 
unspecific antitumor reactions of cellular and humoral chains of immune system, and to analyze possible mechanisms of its 
antimetastatic action. Materials and Methods: XCV was administered triply with 3-day intervals after surgical removal of experi-
mental melanoma В-16 in C57Bl/6 mice. Cytotoxic activity (CTA) of splenocytes against target cells К-562 as well as CTA 
of splenocytes, peritoneal macrophages (PM) and blood serum against melanoma В-16 target cells were determined using МТТ 
test. The content of circulating immune complexes (CIC) in blood serum was evaluated by precipitation reaction. Results: Immu-
nologic effects of XCV vaccination in experimental animals with surgically removed melanoma B-16 in comparison with similarly 
treated unvaccinated mice were as follows: prevention of medium molecular weight CIC accumulation in blood serum during all 
observation period, significant increase (р < 0.05) of CTA of effectors of unspecific antitumor immunity (natural killer cells — 
NK — by 25.5 ± 1.7 vs 12.5 ± 5.4%, and PM — by 37.3 ± 0.6 vs 32.0 ± 0.9%, respectively) at 37th day after the surgery, and also 
preservation of functional activity of specific cytotoxic lymphocytes at the level of intact control. Conclusion: The results of the study 
allow propose that antimetastatic effect of XCV vaccination could be based on increased CTA of NK and PM, and preservation 
of CTL functional activity at late terms after surgical removal of B-16 primary tumors.
Key Words: xenogeneic cancer vaccine, melanoma В-16, natural killer cells, macrophages, cytotoxic lymphocytes, cytotoxic 
activity, antimetastatic activity.

Skin melanoma still belongs to the most aggressive 
cancer types, and its incidence is constantly rising 
worldwide. In 2013, in Ukraine the number of newly 
registered melanoma cases was 3278, and the total 
number of melanoma patients under observation 
was 25 754. After development of distant metastases 
an average life expectancy of melanoma patients 
ranges from 6 to 9 months, and 5-year survival rate 
is lower than 5% [1].

The main method of melanoma treatment is its 
surgical removal while chemotherapy shows low ef-
ficacy. Therefore, the search of high effective means 
for treatment of melanoma patients remains an ac-
tual task. Numerous experimental and clinical data 
evidence on possibility of effective use of immuno-
therapeutical methods for therapy of melanoma [2–6], 
in particular, active specific immunotherapy with the 
use of cancer vaccines [7–9]. The use of vaccines 
prepared on the basis of xenogeneic tumor cells for 
melanoma therapy is of special interest because such 
approach allows significantly increase immunogene-
city of cancer vaccine. An induction of specific cellular 
and humoral immune response against self tumor 
antigens in the case of use of xenogeneic vaccines 

relies on high homology between tumor-associated 
antigens of man and animals [10–12], in particular 
those of man and mouse [13, 14]. The presence 
of such homology was utilized in some experimental 
and clinical stu dies where for melanoma treatment 
tumor antigens of mouse were used as xenogeneic 
ones in humans, and vice versa [15, 16]. In particular, 
xenovaccination with the use of transplantable human 
melanoma SK-MEL-28 cells or primary human mela-
noma cell culture performed at prophylactic regimen 
with following removal of primary tumor node, resulted 
in significant suppression of syngeneic melanoma 
В-16 in mice and reduced lung metastasis. Such vac-
cination induced an appearance of specific cytotoxic 
splenocytes, cytotoxic activity (CTA) of which was 
preserved for 12 weeks [17, 18]. In other experimental 
studies, it has been shown that immunization of mice 
with glycoproteins gp75 and gp100 associated with 
human melanoma is capable to prevent tumor deve-
lopment [19, 20].

At present time, there are the reports on effective 
therapy of melanoma patients with xenogeneic poly-
antigenic cancer vaccines composed from melanoma 
and carcinoma antigens of mouse. Clinical studies have 
demonstrated an efficacy of such vaccine in the therapy 
of patients with melanoma or colorectal cancer [21–23].

In the Department of Biotherapeutical Means Con-
struction of R.E. Kavetsky Institute of Experimental 
Pathology, Oncology and Radiobiology of the NAS 
of Ukraine (IEPOR NASU) there has been developed 
a xenogeneic cancer vaccine (XCV) on the basis of ner-
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vous tissue antigen from rat embryo of late gestation 
period and protein-containing metabolite of Bacillus 
subtilis with molecular weight of 70 kDa [24]. In ex-
perimental melanoma В-16 model there has been 
shown that such vaccine is highly effective only in the 
case of surgical removal of the primary tumor node, 
and then metastasis inhibition index was higher than 
95% [25]. Immunologic mechanisms of antitumor 
and antimetastatic activity of the vaccine remained 
unstudied. Therefore, in present work we aimed 
to evaluate an influence of oncofetal XCV on some 
indexes of anticancer immunity and to study possible 
mechanism of antimetastatic action of the vaccine 
in mice with surgically removed В-16 melanoma.

MATERIALS AND METHODS

The study has been carried out on female 
C57Bl/6 mice 2.5 months old weighting 18–19 g, 
bred in the vivarium of IEPOR NASU. The use and care 
of experimental animals have been performed in ac-
cordance with standard international rules on biologic 
ethics and was approved by Institutional Animal Care 
and Use Committee [26, 27].

As experimental transplantable tumor model, 
mouse melanoma B-16 cells obtained from National 
Bank of Human and Animal Tissues of IEPOR NASU, 
were used. This strain is maintained by passages 
in C57Bl/6 mice. For transplantation melanoma cell 
suspension was prepared by primary tumor trypsiniza-
tion according to the method [28]. Tumor cells were 
routinely transplanted in a foot of the right hind leg 
(2.5•105 cells/mouse in a volume of 0.05 ml). At 18th 
day after tumor transplantation when the primary tu-
mor reached a diameter of 0.8 ± 0.2 cm, the surgical 
removal of a tumor-bearing foot was performed under 
ethaminal sodium narcosis (40 mg/kg). Three days 
later the treatment with XCV was initiated. Vaccine 
([С] = 0.3 mg/ml) was injected subcutaneously, triply 
with 3 days intervals by 0.3 ml/mouse ([С] = 0.09 mg/
animal per 1 injection) with following revaccination with 
7 days interval. The control groups were composed from 
intact animals and unvaccinated animals with melanoma 
treated by surgical removal of В-16 melanoma.

Immunological examination of the animals was per-
formed at 4th, 18th, 32nd and 37th days after the surgery 
(at 22nd, 36th, 51st and 56th days after tumor transplanta-
tion, respectively). In control and experimental groups 
of animals the indexes of cellular and humoral chains 
of anticancer immunity were analyzed.

The indexes of weight and cellularity of immu-

nocompetent organs were determined by standard 
method of supravital staining with trypan blue [29].

Cytotoxic activity (CTA) of blood serum (SB) 
and effector cells (EC) were determined by  МТТ-test. 
Spleen lymphocytes (natural killer cells — NK), 
cytotoxic Т-lymphocytes (CTL) and peritoneal macro-
phages (PM) were used as EC. K-562 cells were used 
as target cells (TC) for determination of unspecific 
NK cell cytotoxicity, while melanoma В-16 cells were 
used as TC for determination of specific cytotoxicity 

of CTL and PM [30]. In brief, TC were placed in  96-well 
plate by 2•104 cells/well in a volume of 0.1 ml, and 
EC were placed by 1•105 cells/well in a volume 
of 0.1 ml at the TC/EC ratio of 1 : 5. Plates were incu-
bated for 18 h in the 100% humidity atmosphere with 
5% СО2 at 37 °С. Then 0.01 ml of МТТ solution per 
well concentration 5 mg/ml (“Sigma”) was added, 
and incubation continued for 2 h. Then the plates 
were centrifuged at 1500 g for 15 min, twice washed 
with physiologic solution, and DMSO was added into 
the well (by 0.14 ml). Optical density was measured 
at λ = 545 nm vs λ = 630 nm with the use of micro 
ELISA reader (StatFax-2100, USA). Each sample was 
measured in triplicate. CTA index (CTAI, %) for each 
EC type was calculated by the formula:

CTAIec = [1 – (ODеc+tc – ODеc)/(ODtc – ODblank)] • 100%,
 where ODеc — optical density in the samples with EC; 
ODtc — optical density in the samples with TC; ODеc+tc — 
optical density in experimental series; ODblank– optical 
density in the control well with cultivation medium only.

The level of circulating immune complexes 

(CIC) in SB of mice was determined in precipitation 
reaction: high molecular weight CIC with the use 
of 3% polyethylene glycol (PEG), medium molecular 
weight CIC — 4.5% PEG, low molecular weight CIC — 
6% PEG [31].

For comparison of immunological parameters 
of animals from experimental and control groups 
modulation index (MIec) for each EC type was calcu-
lated as follows [32]:

MIec = [CTAIe (ν) – CTAIe (µν)/CTAIe (µν)] • 100%,
where CTAIec (v) — index CTAIec for the group 
of vaccinated animals; CTAIec (uv) — index CTAIec for 
the group of unvaccinated animals.

At late terms of observation (32nd and 37th days after 
the surgery) Pearson correlation between MIec from 
vaccinated tumor bearing mice and corresponding 
metastatic parameters (number and volume of lung 
metastases) was carried out. Statistical analysis 
of the data was performed using Student’s t-criterion 
(StatSoft STATISTICA 7.0). Values p < 0.05 were con-
sidered statistically significant [33, 34].

RESULTS AND DISCUSSION

In Table 1 there are shown the results of determina-
tion of CIC levels in SB of intact animals and unvac-
cinated or vaccinated mice with surgically removed 
melanoma B-16. At 18th and 32rd days after the surgery 
the level of medium molecular weight CIC in unvac-
cinated experimental animals was 1.5 times higher 
than that of intact control. This fact is important as far 
as it is known that accumulation of immune complexes 
of low and medium molecular weight capable to bind 
complement in SB, promotes the development of in-
flammation and results in negative influence on an or-
ganism. It is necessary to note also that increased 
level of medium molecular weight CIC in SB evidences 
on increase of endogenous intoxication level and 
serves as unfavorable prognostic index in cancer 
patients [35, 36].
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Table 1. Level of CIC in blood serum of intact, vaccinated and unvac-
cinated mice

Animals group
Mean CIC, c.u.

High molecular 
weight

Medium 
molecular weight

Low molecular 
weight

Intact 4.3 ± 2.3 18.7 ± 2.4 44.3 ± 10.9
22nd day after tumor transplantation/4th day after the surgery (before vaccination)
Unvaccinated 6.0 ± 4.0 17.5 ± 5.5 48.5 ± 3.5

36th day after tumor transplantation/18th day after the surgery
Unvaccinated 5.5 ± 0.5 28.5 ± 2.51 56.0 ± 10.0
Vaccinated 1.0 ± 0.11 19.5 ± 2.22 41.0 ± 1.0

51st day after tumor transplantation/32nd day after the surgery
Unvaccinated 7.0 ± 3.0 29.5 ± 2.31 68.5 ± 12.5
Vaccinated 8.0 ± 3.4 22.5 ± 1.52 49.5 ± 13.5
Note: 1р < 0.05 compared to intact control; 2р < 0.05 compared to unvac-
cinated animals.

The study of weight and cellularity indexes of im-
munocompetent organs (spleen, thymus, peripheral 
lymph nodes) and liver in unvaccinated mice with 
surgically removed melanoma B-16 has revealed 
significant increase (р < 0.05) of relative weight 
of spleen and liver, and also total cellularity of spleen 
compared to intact animals (Table 2). Such changes 
have been observed during all observation period 
evidencing on negative influence of residual tumor 
disease on the organisms of the mice. In vaccinated 
animals these indexes remained at the level of those 
in intact animals till 37th day after the surgery and were 
significantly lower than these in unvaccinated mice 
at late terms of observation. Relative weight of liver 
in vaccinated animals was also significantly lower than 
in unvaccinated mice but was higher than that in intact 
group (see Table 2). So, the use of XCV prevented 
an increase of spleen weight and cellularity.

The results of the study of CTA of effectors of spe-
cific and unspecific chains of immune system are 
presented on Figure. NK CTA of unvaccinated mice 
with surgically removed melanoma B-16 significantly 
decreased at 4th day after the surgery compared 
with intact control (10.5 ±1.4% vs 19.5 ± 1.7%; 
р < 0.05, respectively), at later terms this index came 
close to the level of intact animals. At conditions 
of vaccination there was observed significant increase 
of CTAI compared with intact mice as well as unvac-
cinated animals with surgically removed melanoma 
B-16 during all observation period (Figure, a). Activity 
of specific cytotoxic lymphocytes in unvaccinated 
mice compared with intact animals significantly de-
creased at 32nd day after surgical removal of melanoma 

(15.2 ± 0.4 and 27.7 ± 1.2%, respectively; р < 0.05). 
Administration of the vaccine to mice with surgically 
removed melanoma B-16 led to normalization of this 
index at the late terms of tumor development (Figure, b).

Also, the use of XCV demonstrated an activating 
effect on PM chain of immunity. This is evidenced 
by an increase of PM counts in vaccinated mice com-
pared with intact and unvaccinated mice with surgically 
removed melanoma B-16, especially at 32th day after the 
surgery (by 2.1 times; р < 0.05) and elevation of their 
CTAI against melanoma В-16 cells (Table 3).

As it is shown in Table 4, starting from 18th day 
after surgical removal of melanoma, in vaccinated 
mice there has been registered significant increase 
of CTA of SB (р < 0.05), as well as its potentiating ef-
fect on PM activity.
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Figure. CTAI of spleen lymphocytes (a — NK, b — CTL) in intact, 
vaccinated and unvaccinated С57Bl mice (*р < 0.05 compared 
to intact control; **р < 0.05 compared to unvaccinated animals)

Table 2. Weight and cellularity of immunocompetent organs and liver of vaccinated and unvaccinated mice treated by surgery removal of В-16 melanoma

Animals group Animal weight, 
g

Relative organ weight (× 10–3) Cellularity per 1 mg of organ

Spleen Thymus Peripheral 
lymph nodes Liver Spleen Thymus Peripheral 

lymph nodes
Intact 
(n = 10)

21.3 ± 0.8 
(19.9–24.4)

4.6 ± 0.6 
(3.6–6.8)

1.1 ± 0.2 
(0.6–1.8)

2.8 ± 0.4 
(2.1–4.0)

56.8 ± 0.7 
(53.4–58.0)

1.3 ± 0.1 
(1.03–1.64)

2.7 ± 0.4 
(1.63–3.73)

1.6 ± 0.2 
(1.06–1.97)

22nd day after tumor transplantation/4th day after the surgery 
(before vaccination)

Unvaccinated (n = 5) 18.4 ± 0.81 8.5 ± 1.21 1.0 ± 0.2 2.8 ± 0.3 60.4 ± 2.0 1.2 ± 0.2 2.5 ± 0.3 1.8 ± 0.2
36th day after tumor transplantation/18th day after the surgery

Unvaccinated (n = 5) 21.1 ± 1.0 8.5 ± 1.31 1.1 ± 0.2 2.9 ± 0.2 84.7 ± 3.91 1.0 ± 0.01 2.7 ± 0.4 1.1 ± 0.0
Vaccinated (n = 5) 21.7 ± 0.7 8.2 ± 1.9 1.1 ± 0.0 3.0 ± 0.2 64.2 ± 1.71,2 1.1 ± 0.1 2.4 ± 0.2 1.3 ± 0.1

51st day after tumor transplantation/32nd day after the surgery
Unvaccinated (n = 5) 22.2 ± 0.7 7.9 ± 0.41 1.3 ± 0.2 3.2 ± 0.5 71.9 ± 2.01 1.1 ± 0.1 2.2 ± 0.2 1.7 ± 0.2
Vaccinated (n = 5) 22.1 ± 0.5 6.1 ± 0.42 1.5 ± 0.2 3.4 ± 0.3) 64.0 ± 2.71 1.1 ± 0.1 2.5 ± 0.2 1.7 ± 0.1

56th day after tumor transplantation / 37th day after the surgery
Unvaccinated (n = 5) 16.8 ± 1.01 14.7 ± 1.51 1.7 ± 0.8 3.6 ± 1.8 71.9 ± 3.81 0.5 ± 0.11 3.8 ± 1.0 0.6 ± 0.11

Vaccinated (n = 5) 16.2 ± 0.91 9.2 ± 1.11,2 0.8 ± 0.2 2.6 ± 0.5 49.2 ± 0.31,2 1.2 ± 0.12 1.1 ± 0.21,2 0.7 ± 0.11

Note: 1р < 0.05 compared to intact control; 2р < 0.05 compared to unvaccinated animals.
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Table 3. Effect of XCV on PM in intact, vaccinated and unvaccinated С57Bl mice
Animals group Cellularity of PM (×106) CTAI of PM, %

Intact 3.9 ± 0.2 (3.2–4.8) 31.4 ± 2.7(20.8–41.2)
22nd day after tumor transplantation/4th day after the surgery 

(before vaccination)
Unvaccinated 2.9 ± 0.4 13.7 ± 3.41

36th day after tumor transplantation/18th day after the surgery
Unvaccinated 2.5 ± 0.51 16.6 ± 2.81

Vaccinated* 5.5 ± 0.82 35.4 ± 3.12 (113.3)
51st day after tumor transplantation/32nd day after the surgery

Unvaccinated 3.9 ± 0.8 35.6 ± 2.3
Vaccinated* 8.2 ± 1.21,2 32.1 ± 1.9 (−9.8)

56th day after tumor transplantation/37th day after the surgery
Unvaccinated 3.2 ± 0.7 32.0 ± 0.9
Vaccinated* 5.0 ± 0.5 37.3 ± 0.62 (16.6)
Note: *given in brackets MIec compared to unvaccinated animals; 1р < 0.05 com-
pared to intact control; 2р < 0.05 compared to unvaccinated animals.

Table 4. Effect of SB of intact and treated by surgery removal of В-16 mela-
noma С57Bl/6 mice on CTA of lymphocytes (CTL) and PM

Animals group CTAI of SB, % ADCC of:
CTL (CTAI, %) PM (CTAI, %)

Intact 6.5 ± 1.8 
(6.1–18.6)

29.4 ± 2.4
 (18.8–40.3)

27.6 ± 2.4  
(16.9–44.2)

22nd day after tumor transplantation/4th day after the surgery 
(before vaccination)

Unvaccinated 2.2 ± 0.9 27.6 ± 2.9 11.6 ± 3.71

36th day after tumor transplantation/18th day after the surgery
Unvaccinated 11.6 ± 5.8 36.8 ± 3.2 24.3 ± 2.1
Vaccinated* 20.5 ± 4.01 (76.7) 28.3 ± 1.6 (−23.1) 30.4 ± 2.0 (25.1)

51st day after tumor transplantation/32rd day after the surgery
Unvaccinated 19.7 ± 2.91 14.2 ± 4.11 29.4 ± 1.5
Vaccinated* 19.5 ± 7.0 (−1.1) 31.9 ± 1.92 (124.6) 36.1 ± 2.92 (22.8)

56th day after tumor transplantation/37th day after the surgery
Unvaccinated 15.4 ± 2.8 30.2 ± 6.4 37.0 ± 1.2
Vaccinated* 31.1 ± 3.21,2 (101.9) 32.9 ± 2.2 (8.9) 43.1 ± 1.71,2 (16.5)
Note: *given in brackets MIec compared to unvaccinated animals; 1р < 0.05 com-
pared to intact control; 2р < 0.05 compared to unvaccinated animals.

These data showed that administration of the vaccine 
to mice with surgically removed melanoma B-16 pro-
vided preservation (or elevation) of CTA of effectors 
of cellular anticancer immunity and CTA of SB at the 
late terms after the surgery, i.e., at the period of intense 
metastasis. This fact, possibly, could explain significant 
decrease of the number and volume of metastases 
in vaccinated animals reported earlier by us [25].

To test this assumption, we have calculated cor-
relation indexes between the indexes characterizing 
tumor development (the quantity and volume of me-
tastases) after surgical removal of the primary tumors 
and the abovementioned indexes of activity of cellular 
anticancer immunity effectors and SB of experimental 
animals. There has been performed an evaluation 
of the strength relationship between these indexes 
and correlation coefficient r by Chaddock’s scale [34].

The negative correlation of modulation of the majority 
of the studied parameters with lung metastasis numbers 
and volumes has been revealed (Table 5). At 32nd day 
after the surgery (51st day of tumor development) there 
has been registered the negative correlation between 
CTA of NK and metastasis numbers (strong; r = −0.96; 
р < 0.05) and volumes (good; r = −0.68). At 37th day 
after the surgery (56th day of tumor development) 
the correlation between these indexes was strongly 
negative (r = −0.88; р < 0.05 and r = −0.95; р < 0.05, 
respectively). Correlation relationship between metas-
tasis indexes and PM CTA remained strongly negative 
at 32nd (р < 0.05) and 37th days after tumor removal. 
Correlation between CTL CTA and the quantity of me-

tastases increased from moderate (r = −0.33) to strong 
(r = −0.84), and with metastases volumes — from very 
weak (r = −0.16) to strong (r = −0.88; р < 0.05). Also 
there were registered the changes of correlation rela-
tionship between metastasis indexes and SB CTA (from 
weak to good), antibody-dependent cell cytotoxicity 
(ADCC) of CTL (from weak to moderate) and ADCC 
of PM (from good to strong).

These data allow suppose that antimetastatic ef-
fect of the developed XCV is caused by the increase 
of CTA of NK and PM and also by preservation of CTL 
functional activity at the late terms after the surgery. 
Therefore, the mechanism of action of the vaccine 
is somewhat different from that of xenogeneic 
anticancer vaccines developed by Russian scientists 
on the basis of melanoma cells. Anticancer activity 
of Russian vaccines is mainly exerted via activation 
of specific chain of immunity due to the presence 
of specific melanoma antigens. In particular, has 
shown the development of prolonged anticancer re-
sponse in mice with melanoma В-16 vaccinated with 
human melanoma cells SK-MEL-1 at the background 
of increased CTL activity. Activation of specific chain 
of cell immunity has been also documented in clinical 
studies when the patients with uveal melanoma were 
vaccinated with xenogeneic vaccine containing mouse 
melanoma В-16 cells transplanted into conjunctive 
tissue capsule [17, 18], or when the patients with meta-
static skin melanoma were vaccinated with polyantigen 
cellular vaccine on the basis of В-16 melanoma cells 
and mouse Lewis lung carcinoma cells [16].

Table 5. Correlation (r) between the MI of CTA of EC from vaccinated C57Bl 
mice and metastatic parameters

MI of CTA 
of EC

Metastatic parameters
Number of lungs metastases Volume of metastases

32nd after 
the surgery

37th after 
the surgery

32nd after 
the surgery

37th after 
the surgery

NK −0.96* −0.88* −0.68 −0.95*
CTL −0.33 −0.84 −0.16 −0.88*
PM −0.86* −0.77 −0.75 −0.76
SB −0.47 −0.70 −0.22 −0.57
ADCC of CTL 0.04 0.26 −0.12 0.31
ADCC of PM −0.68 −0.50 −0.62 −0.91*
Note: *р < 0.05.

Antimetastatic efficacy of xenogeneic anticancer 
vaccine developed on the basis of embryonal proteins 
and products of bacterial origin (B. subtilis) is mostly 
exerted via activation of effectors of unspecific im-
munity (PM and NK). Increase of SB CTA against 
В-16 melanoma cells in vaccinated animals and its 
potentiating influence on PM could possibly evidence 
on appearance of some cytokines (in particular, inter-
leukine 1, interferon-gamma (IFN-γ), tumor necrosis 
factor) in circulation, which provide activation of un-
specific immunity as well as preservation of specific im-
mune response at the level of intact animals. It is known 
that a special role in realization of anticancer response 
is played by IFN-γ produced by T-lymphocytes, NK 
(upon their contact with TC), and activated PM. This 
cytokine shows significant immunomodulating action 
via its influence on practically all EC of immune sys-
tem [37]. If consider the data on interferonogenic ac-
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tivity of the products of B. subtilis [38], the metabolites 
of which were used for the construction of this vaccine 
one may suppose that IFN-γ and other cytokines may 
play a role in anticancer effect of the XCV. However, 
such hypothesis requires further studies.
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