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Abstract: Anticancer xenogeneic vaccine – is an agent, containing antigens of embryonic origin that underwent 

biotransformation under the action of cytotoxic proteins of В. subtilis B-7025. Anticancer efficacy of the vaccine is 

implemented by breaking immune system tolerance to own tumor antigens due to the antigenic similarity between tumor and 

embryonic proteins. The experiments were conducted in Wistar female rats (age 2.5 months and weight 200-220 g, bred at the 

animal house of R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology). The care and use of the 

experimental animals have been performed in accordance with generally accepted international rules for conducting 

experiments in experimental animals. As an experimental tumor model, we have used Walker carcinosarcoma. In preclinical 

and clinical trials, success has been demonstrated in the use of a combination of anticancer vaccines with chemotherapy to 

achieve a synergistic effect, even if the dose and schedule of administration of the agents needed to be optimized. It has been 

shown that some drugs (doxorubicin, cyclophosphamide, docetaxel) induce immunological death of tumor cells, increase the 

expression of tumor-associated antigens, HLA-peptide complexes, thus sensitizing the tumor in vaccine-induced T-cell killing. 

It was determined that simultaneous administration of anticancer vaccines (regardless of the antigenic composition) and 

Doxorubicin resulted in a significant increase of survival and average lifespan of the experimental animals. The treated animals 

at the end of the experiment presented with increased cytotoxicity of lymphocytes and macrophages (both direct and antibody-

dependent), suggesting a reduced level of immunosuppression in experimental animals. In the group of rats, receiving Dox, the 

serum had no effect on the activity of lymphocytes. These data suggest that during the development of tumor the serum 

accumulates humoral factors, capable of blocking lymphocyte activity. Yet, as a result of additional activation (due to 

anticancer vaccines), the conditions are provided when the inhibitory activity of humoral factors is eliminated. The combined 

application of chemo- and biotherapy based on anticancer vaccines of IEPOR series is an efficient and rather perspective 

method of inhibition of malignant tumor process. The optimal scheme of the combined therapy was developed that involved 

the administration of anticancer vaccines together with the application of chemotherapeutic agents. The augmentation of 

antitumor effect can be explained by the reduction of immunosuppressive activity of blood serum towards the effector cells of 

antitumor immunity, resulting from the additional signal to the immune system - use of anticancer vaccines. 
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1. Introduction 

In modern immunology and oncology, research and 

development in the field of anticancer vaccines, the study of 

their clinical effectiveness remains one of the most 

progressive directions. [1, 2] A priority focus area of modern 

medical science is, indeed, the development of novel 

approaches to the application of anticancer vaccines in 

combined administration with chemotherapeutic agents to 

improve the quality of life of cancer patients. Recently, more 

and more information on various variants of combined 

application of chemo- and biotherapeutic agents in oncology 

becomes available. Such a strategy allows minimization of 

toxic action on the immune system due to the reduction of 

the level of systemic immunosuppression and to create an 

effect of double blockage of tumor growth. Preclinical and 

clinical studies already have demonstrated the success of the 

application of combinations of anticancer vaccines (ACV) 

with chemotherapy and achieving of synergetic effect even in 

the case when optimization was required for the dose and 

regimen [3-6]. This was associated, first, with the possibility 

of elimination of immunosuppressive factors under the effect 

of chemotherapeutic agents, and second, with the induction 

of, so-called, immunogenic death of tumor cells [7–9, 10, 12]. 

It was demonstrated that chemotherapy is able to regulate the 

levels of co-stimulatory molecules (B7-1) or pathological co-

inhibitory molecules (PD-L1/B7-H1 or B7-H4), expressing 

on the surface of tumor cell; these mechanisms increase 

immune response effectiveness. [11]. In addition, due to 

chemotherapy, it is possible to increase the sensitivity of 

tumor cells to T-cell mediated lysis through Fas-, perforin- та 

granzyme-В-dependent mechanisms [12]. Chemotherapeutic 

agents (in particular, anthracyclines) stimulate CCL2/CCR2-

dependent recruitment of functional antigen-presenting cells 

into tumor microenvironment, but not into lymph nodes [13]. 

In the clinical study М. von Mehren et. al [14] demonstrated 

that the patients with prior chemotherapy became more 

sensitive to ACV effect. It is believed that the much better 

result is determined by the vaccination of the patients with 

reduced tumor volume due to chemotherapy agent action [15]. 

The examples above substantiate the necessity of the 

combined application of chemo- and biotherapy. Therefore 

the aim of this study was to evaluate the efficacy of 

combined application of anticancer vaccines of IEPOR series 

and Doxorubicin in the rats with transplanted Walker 

carcinosarcoma. 

At present, two types of vaccines have been developed in 

the Institute. 

Anticancer autologous vaccine – an agent for personalized 

treatment of oncological patients that is used after total 

removal of tumor mass from a patient’s body, aiming at 

prevention of recurrences and metastases. This original 

preparation contains tumor-associated antigens of autologous 

tissue material of a patient’s tumor that underwent 

biotransformation under the action of cytotoxic lectin of В. 

subtilis B-7025. Antitumor and antimetastatic efficacy of the 

vaccine is implemented by breaking immune system 

tolerance to own tumor antigens. The introduction of 

anticancer autovaccine into the treatment regimens for 

oncological patients allows preventing the development of 

recurrences and metastases, increasing survival rates and 

improving their quality of life. The results of the clinical 

efficacy of anticancer autovaccine are protected with patents 

[16], and presented in the numerous publications. 

Anticancer xenogeneic vaccine – is an agent, containing 

antigens of embryonic origin that underwent 

biotransformation under the action of cytotoxic proteins of В. 

subtilis B-7025. Anticancer efficacy of the vaccine is 

implemented by breaking immune system tolerance to own 

tumor antigens due to the antigenic similarity between tumor 

and embryonic proteins. Independent trial of this vaccine has 

demonstrated anticancer efficacy at its application in animals 

with tumor process [17]. Anticancer effect of the vaccine, as 

well, was also proved at the treatment of the patients with 

tumors of different genesis [18]. 

However, the question arises whether it is possible or 

reasonable to use these vaccines in combination with the 

modern chemotherapeutic agents. The answer to this question 

may be received only after the testing of these combinations 

in the animals with tumor process. 

2. Object and Methods of Research 

The experiments were conducted in Wistar female rats 

(age 2.5 months and weight 200-220 g, bred at the animal 

house of R. E. Kavetsky Institute of Experimental Pathology, 

Oncology and Radiobiology). The care and use of the 

experimental animals have been performed in accordance 

with generally accepted international rules for conducting 

experiments in experimental animals. As an experimental 

tumor model, we have used Walker carcinosarcoma. 

Doxorubicin was injected to the study rats intraperitoneally, 

five times a day, every day, starting from the day 4 after 

transplantation of the tumor, at a dose of 0.25 mg per animal 

that is 1.5 mg/kg of body mass. Anticancer vaccines of 

IEPOR series (autologous and xenogeneic embryonic 

vaccines) were injected subcutaneously by 0.5 ml per 

injection by the following scheme: on days 5, 7 and 11 after 

tumor transplantation. The total dose of the vaccine per the 

whole course, equivalent to protein, was 1.5 mg/animal. 

The following experimental groups were formed: 1 — 

tumor growth control (Control) — the animals with 

transplanted Walker tumor; 2 (Dox) — the animals with the 

tumor receiving Doxorubicin; 3 (XACV) — the animals with 

the tumor receiving xenogeneic embryonic anticancer 

vaccine; 4 (XACV + Dox) — the animals with the tumor 

receiving xenogeneic embryonic anticancer vaccine and 
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Doxorubicin; 5 (AACV) — the animals with the tumor 

receiving autologous anticancer vaccine; 6 (AACV + Dox) 

— the animals with the tumor receiving autologous 

anticancer vaccine and Doxorubicin. 

During the experiment the following parameters were 

determined. 

Tumor growth dynamics was evaluated by the change of 

the volume of a primary tumor lesion, the latter was 

determined by the formula: V=1/6 * πd
3
, where d – is a 

diameter of the tumor nodule. 

The survival of the animals in the experimental groups was 

evaluated by the percent of live animals in the groups of the 

total number of animals at the beginning of the experiment. 

Average lifespan was assessed by the life duration of every 

animal in a group. 

Cytotoxic activity (CTA) of lymphocytes (L), 

macrophages (M), and also antibody-dependent cytotoxicity 

(ADC) of the above effectors was evaluated in vitro with the 

MTT-test [23] on the day 23 after the SRT (surgical removal 

of tumor). Target cells were the cells of Walker 

carcinosarcoma. The blood serum (BS) effect was analyzed 

by potentiation index (PI): 

PI=[(ADCL/M – CTAL/M)/CTAL/M]•100% 

In addition, the coefficient of neutrophil/lymphocyte ratio 

was analyzed – its increase is an evidence of systemic 

inflammatory processes and a factor of poor prognosis in 

such oncological diseases [19, 20]. 

The another evaluated factor was the ratio platelets-to-

lymphocytes; the reduction of this index is a marker of 

inflammatory processes intensity [21, 22.]. The statistic 

processing of the results was accomplished with generally 

accepted methods of variation statistics. Study results are 

presented as М±m, where М — is an arithmetic mean value, 

m – its standard error. The differences were accepted as 

reliable at p<0.05. Calculations and plotting were done with 

application program OriginLab. 

3. Results and Discussion 

In the experiment, the significant antitumor activity of the 

combined action of anticancer vaccines of IEPOR series 

activity and preparation Doxorubicin was determined (Figure 

1). Specifically, Dox or anticancer vaccines exerted a 

significant inhibitory effect on the development of tumor 

nodule in experimental animals as compared to the index of 

the control group. 

The maximal accomplishment of antitumor effect was 

determined after the application of the combination of Dox 

and autologous anticancer vaccine. The apparent arrest of 

tumor growth was seen already from day 17 and up to the 

end of the experiment (day 36). Application of xenogeneic 

anticancer vaccine with Dox had a somewhat lower 

inhibitory effect, but it was higher than separate use of one or 

another vaccine. In the Doxorubicin group on day 25 the 

average volume of tumors was significantly lower. This was 

associated with mass mortality of animals in this group due 

to the large tumor size by that term of the experiment. 

 
Figure 1. The dynamics of tumor growth of rats with Walker tumor who were 

administrated the autologous and xenogeneic vaccines. 

The following survival rates were found at the end of the 

experiment (day 36): 0% - in tumor growth control, 20% - in 

the group, receiving Doxorubicin, 30% - in the group, 

receiving xenogenic anticancer vaccine; 40% - in animals, 

receiving autologous anticancer vaccine and combination of 

Doxorubicin with xenogeneic anticancer vaccine. The most 

efficient was the combination of autologous anticancer 

vaccine with Doxorubicin. The survival rate of this group 

was 50%. (Figure 2) 

 
Figure 2. The survival of rats with Walker tumor who were administrated the 

autologous and xenogeneic vaccines. 

Table 1. Average lifespan in the groups of animals. 

Experimental groups Average lifespan, days 

Control 14.8±0.8 

Dox 24.6±2.89 

XACV 24.6±3.4 

XACV+ Dox 28±3.21 

AACV 26.4±4.01 

AACV+ Dox 28±2.95 
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The indices of the average lifespan in the groups of 

animals (Table 1), receiving simultaneously chemo- and 

immunotherapy, were maximal, regardless of antigenic 

composition of anticancer vaccine. The animals receiving 

monotherapy with either of the proposed approaches had a 

lower life duration. 

Therefore, the optimal scheme was the combined application 

of anticancer vaccines (regardless of antigenic composition) 

with Doxorubicin. In this case, we can suggest the synergism of 

Dox and anticancer vaccines of IEPOR series. 

The antitumor immune response is dependent upon the 

functioning of both specific (cytotoxic T-lymphocytes and 

plasmatic cells), and natural component of the immune 

system (macrophages). The application of the combined 

scheme in both cases has initiated the alterations in the 

immune status of the animals with tumor, in particular, it 

significantly led to the activation of cytotoxic activity of 

lymphocytes: cytotoxic index (CI) was 53.20±3.21 

(AACV+Dox) and 45.15±4.37 (XACV+Dox), respectively, 

compared with intact animals or control rats (34.80±3.15 and 

38.78±1.47%). In the groups of animals, receiving Dox and 

XACV, the activity of lymphocytes practically did not differ 

from the indices of the control group (Table 2). 

Table 2. Cytotoxicity of lymphocytes in MTT-test in rats with surgically 

removed Lewis lung carcinoma that received either XACV and/or Dox. 

Experimental groups CTA L (CI), % ADC L (CI), % PI, % 

Control 38.78±1.47 34.6±0.92 -10,78 

Dox 37.28±1.33 37.72±2.71 1,18 

XACV 38.17±1.67 45.61±6.41 19,49 

XACV+Dox 45.15±4.37 50.64±5.35* 12,15 

AACV 44.38±3.73 48.29±4.73 8,81 

AACV+Dox 52.17±3.49* 58.92±6.42* 12,94 

Intact animals 34.80±3.15 33.93±2.39 -2,5 

*p<0.05 compared to the indices of control group (surgically removed tumor). 

The addition of the autologous serum to the test (tumor 

cells and lymphocytes) inhibited the activity of lymphocytes 

in the control group. In all groups, receiving anticancer 

vaccines (regardless of their antigenic composition) the 

autologous serum increased the activity of lymphocytes. In 

the group of rats, receiving Dox, the serum had no effect on 

the activity of lymphocytes. These data suggest that during 

the development of tumor the serum accumulates humoral 

factors, capable of blocking lymphocyte activity. Yet, as a 

result of additional activation (due to anticancer vaccines), 

the conditions are provided when the inhibitory activity of 

humoral factors is eliminated. 

The examination of the activity of the peritoneal 

macrophages in rats (Table 3) has demonstrated that the 

pattern of macrophage activation had a minor difference from 

the trends, determined in lymphocyte activation. And even 

addition of autologous serum to the test led to analogous 

outcomes as in adding of serum to the test with lymphocytes. 

These results suggest that in the organisms of the treated 

animals the general humoral background with the reduced 

immunosuppressive characteristics is formed. 

Table 3. Cytotoxicity of macrophages in MTT-test in rats with transplanted 

Walker carcinosarcoma. 

Experimental groups CTA M (CI), % ADC (CI), % PI, % 

Control 36.37±5.16 34.53±3.76 -5,06 

Dox 32.26±4.38 32.71±2.96 1,39 

XACV 35.69±1.87 37.69±2.22 5,6 

XACV+Dox 38.75±2.93 39.38±4.21 1,63 

AACV 36.67±1.94 39.02±3.90 6,41 

AACV+Dox 39.78±2.24 42.18±3.33 6,03 

Intact animals 23.20±1.44 21.16±1.91 -8,79 

4. Conclusion 

Thereby, based on the study results, we can state that the 

combined application of chemo- and biotherapy based on 

anticancer vaccines of IEPOR series is an efficient and rather 

perspective method of inhibition of malignant tumor process. 

The optimal scheme of the combined therapy was developed 

that involved the administration of anticancer vaccines 

together with the application of chemotherapeutic agents. 

The augmentation of antitumor effect can be explained by the 

reduction of immunosuppressive activity of blood serum 

towards the effector cells of antitumor immunity, resulting 

from the additional signal to the immune system (use of 

anticancer vaccines). In the animals with the increased 

lifespan, the enhanced lymphocyte cytotoxicity (both direct 

and antibody-dependent) was seen. Moreover, in the animal 

groups with increased parameters of the average lifespan and 

survival rates the reduced amount of the circulating immune 

complexes that stimulate M-phenotype macrophage 

activation was found. 
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