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Abstract
Gold nanoparticles as part of vaccines greatly increase antigen stability, antigen
accumulation in the lymph nodes, and antigen uptake by antigen-presenting cells.
The use of such particles as part of anticancer vaccines based on heat shock
proteins to increase vaccine effectiveness is timely. We prepared and characterized
nanoconjugates based on 15-nm gold nanoparticles and thermostable tumor
antigens isolated from MH22a murine hepatoma cells. BALB/c mice were injected
with the conjugates and then received transplants of MH22a cells. The immunized
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mice showed no signs of tumor growth for 24 days. They also showed decreased
production of the INF-γ, IL-6, and IL-1 proinflammatory cytokines, as compared to the
mice immunized through other schemes. This study is the first to show that it is
possible in principle to use gold nanoparticles in combination with thermostable
tumor antigens for antitumor vaccination. Antitumor vaccines based on thermostable
tumor antigens can be largely improved by including gold nanoparticles as additional
adjuvants.
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Introduction
Immunotherapy of malignant tumors is an important biomedical research area. In
time it may take its place alongside surgery, chemotherapy, and radiotherapy as a
standard in cancer treatment. Current cancer immunotherapies include cytokine
therapy [1], immune-checkpoint inhibition [2], adaptive cell therapy [3], and antitumor
vaccines [4].
Anticancer vaccines stimulate antitumor immunity. The basic idea behind such
vaccines is that malignant cells overexpress tumor antigens to which a T-cell immune
response can be mounted. Any antitumor vaccine includes the following elements:
(1) an antigen, (2) a carrier, which determines the delivery of the antigen to the
lymphoid organs, (3) an adjuvant, which enhances the immunogenicity of the antigen
[5]. Whether this approach is successfully transferred from laboratory to clinic
depends critically on the overcoming of the associated problems. First, the
administered vaccine may accumulate poorly in lymph nodes. Second, the antigen
2

may be inefficiently processed and presented by dendritic cells. This prevents the
induction of a sufficient CD8+ T-cell response [6].
Nanoscale materials can help to solve these problems. Organic and inorganic
nanoparticles in tumor vaccines greatly increase the stability of an antigen and its
accumulation in lymph nodes, uptake, processing, and cross-presentation by
antigen-presenting cells [7-9]. Among all available nanoparticles, gold nanoparticles
(GNPs) excel for this purpose [10]. They act both as an antigen carrier and as an
adjuvant [11]. GNPs are chemically inert, biocompatible, and easy to make. In
addition, their surface can easily be functionalized with biomolecules, including
antigens of various natures [12,13]. The unique plasmon resonance properties of
GNPs make it possible to track the biodistribution of GNP-based vaccines and
develop multimodal nanocomposites, which combine efficient antigen delivery with
photothermal activity and imaging possibility [14]. GNPs are popularly used to design
antibacterial, antiviral, and antiparasitic vaccines [15,16].
The work of Brinas et al. was one of the first to report on the induction in laboratory
animals of an immune response to tumor antigens conjugated to colloidal gold
without the use of additional adjuvants. The authors used GNPs conjugated to a
glycopeptide antigen based on the MUC4 mucin, a modified ThomsenFriedenreich
antigen, and a peptide from the complement-derived protein C3d. Twelve weeks after
the vaccination, there was a statistically significant increase in the blood content of
IgG and IgM antibodies [17]. Parry et al. reported the preparation of antibodies
specific to the tumor monosaccharide Tn-antigen without the use of conventional
protein components of vaccines. Animals were immunized with GNPs conjugated to
a polymerized Tn-antigen [18]. Cai et al. showed that animals immunized with
PEGylated GNPs conjugated to a glycopeptide sequence derived from MUC1 and
the T-cell epitope P30 sequence developed Th1 and Th2 immune responses. The
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resultant antiserum contained antibodies that recognized MUC-1 molecules on the
surface of MCF-7 breast cancer cells [19]. In vitro, GNPs complexed with MUC-1
mucin increased the production of the TNF-ɑ, IL-6, IL-10, and IL-12 cytokines by
peritoneal macrophages and induced macrophage polarization [20]. In addition,
GNPs coupled to the adjuvant of ɑ-galactosylceramide was used to enhance immune
response to MUC-1 [21].
Almeida et al. experimentally validated a GNP-based peptide antitumor nanovaccine.
GNPs coated with the ovalbumin epitope were injected subcutaneously into mice.
The animals injected with the conjugate showed a significant increase in INF-γ
production by splenocytes. Seven days after the last immunization, the animals were
challenged with B16-OVA melanoma cells. The immunized animals survived 100%
within 50 days of the experiment [22]. Ahn et al. studied the response of RAW 264.47
macrophages and of dendritic and T cells isolated from mice to GNPs conjugated to
peptides derived from tumor cell antigens. The GNPpeptide complexes induced 15fold higher TNF-ɑ production by macrophages than did the free antigen. The
complexes also enhanced antigen cross-presentation by dendritic cells, which was
manifested as increased elaboration of IFN-γ and IL-2 by T-lymphocytes [23].
GNPs are also used as a carrier in the development of antitumor DNA vaccines.
Specifically, Gulla et al. used 24-nm gold nanospheres conjugated to the DNA
sequence encoding the MART1 melanoma antigen (pCMVMART1) to immunize
mice and examine their response to subsequent tumor-cell transplantation.
Additionally, the authors coated the nanoconjugates with a mannose-mimicking
shikimoyl ligand to target dendritic cells and a guanidinyl ligand to facilitate
transfection. The nanovaccine-immunized mice survived the entire experimental
period (180 days) without tumor signs after subcutaneous melanoma transplantation.
Cytotoxic lymphocyte depletion studies showed that CD8+ T-lymphocytes are the key
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link in the antitumor immune response when the nanoconjugates are injected [24].
Also of note are works in which GNPs were used as a siRNA carrier to inhibit
immune response checkpoints [25,26]. Thus, GNPs are promising candidates for
improving the efficacy and safety of cancer immunotherapy [27].
Heat shock proteins (HSPs) can play an important part in the induction of an
antitumor adaptive immune response [28]. HSPs are primarily known as highly
conserved chaperone proteins involved in the folding, assembly, and disassembly of
protein complexes [29]. Their chaperone activity, in fact, underlies the mediation of
efficient capture, processing, and cross-presentation of tumor peptide antigens by
dendritic cells [30]. On the other hand, HSPs can also modulate the innate immune
response by participating in NK cell activation [31]. They promote the production of
chemokines and such pro- and antiinflammatory cytokines as IL-1, IL-6, IL-10, IL-12,
TNF-α, and IFN-γ [32,33]. Thermostable proteins of the HSP family have been
popularly used as adjuvants in the design of vaccines against a variety of cancers
[34-36]. Some of these developments have reached phase III trials [37]. Phase I and
II trials of therapeutic vaccines containing HSPpeptide complex-96 (HSPPC-96) for
glioblastoma treatment are under way [38].
In the use of HSP-based vaccines, the immune response can be enhanced with
nanoscale materials. Shevtsov et al. coupled iron oxide nanoparticles to recombinant
HSP 70 for orthotopic experimental glioblastoma therapy in animals. Seven days
after tumor cell transplantation, the animals were immunized with a mixture of
dendritic cells, tumor antigens derived from the lysate, and nanoconjugates. The
animals in the experimental group showed significant inhibition of tumor growth and
activation of CD8+ T-cell response, as compared to the group immunized with a
nanoparticle-free dendritic cellHSP 70antigen mixture [39].
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There is no literature on the use of GNPs in combination with HSPs for antitumor
vaccination. We investigated the part GNPs play in the induction of antitumor
immunity in laboratory mice.

Results
Characterization of GNPs
The absorption spectrum peak of the resultant sol was λmax = 518 nm, and the
absorbance in a 1-cm-path-length cuvette was A518 = 1.1. As found by TEM, the
mean nanoparticle diameter was 15.2±1.2 nm (Figure 1). The per-ml number of
particles at А520=1 was 1.6×1012. Earlier work by us showed that spherical GNPs with
a mean diameter of 15 nm are optimal for use in immunization [40].

Figure 1: Characterization of GNPs: absorption spectrum (A), TEM image (B), and
size distribution (DLS data) (C)

Characterization of antigens
Figure 2 shows the results for the content of the main HSPs in the whole-cell lysate
of MH22a cells. The results were obtained by dot blot immunoassay by using a set of
rabbit anti-HSP polyclonal antibodies. As can be seen, the lysate of heated MH22a
6

cells contained all main HSPs, including GRP94, HSP 90 kDa alpha B1 (HSP90aB1),
HSP 70 kDa 1A (HSPA1A), HSP 70 kDa 1B (HSPA1B), and HSP 27 kDa.

Figure 2: Identification of HSPs in whole-cell lysate of MH22a by dot blot
immunoassay

Immunization results
Table 1 shows the obtained antibody titers. The highest titer (1:10666 on average;
maximum titer, 1:12800) was produced in mice immunized with the
GNPantigenCFA complex. Immunization with the antigen and GNPs separately
gave average titers of 1:1200 (maximal titer, 1:1600) and 1:1066 (maximal titer,
1:1600), respectively. The average titer in mice immunized with the GNPantigen
conjugate was 1:366 (maximal titer, 1:800). When mice were immunized with GNPs
alone, the presence of an antibody titer and the ability of antibodies to bind to the
cellular antigen were probably related to the immune response of the animals to the
tumor-cell transplantation. In the blot assay of the MH22a HSPs, the resulting
antiserum specifically recognized peptides ranging in size from 25 to 66 kDa.
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Table 1: Antibody titers produced by different immunization schemes after tumor-cell
transplantation
Immunogen

Student’s t test

Antibody titer
Average

Maximal titer

titer

Average

relative to the

titer (log2)

antigen (p0.05)

Аntigen

1: 1200

1:1600

10.140.9

GNPs +

1:366

1:800

8.142.03

0.092

1:10666

1:12800

13.310.8

0.00062

1:1066

1:1600

9.9970.8

0.074

antigen
GNPs +
antigen + CFA
GNPs

The specificity of the antisera obtained from the immunized mice was examined by
dot immunoassay (Figure 3). Note that the sera interacted mainly with the MN22a
cell antigens. But the sera obtained from the mice immunized with the
GNPantigenCFA complex and those immunized with GNPs alone gave a small
crossover with the HeLa cell antigens.
Figure 4 shows the results for the respiratory activity of peritoneal macrophages
isolated from animals of different groups after immunization and subsequent tumor
transplantation. As found by MTT test, there were no large differences between the
groups of animals injected with the antigen alone, the GNPantigen conjugate, and
the GNPantigenCFA complex. However, in the animals injected with GNPs alone,
the respiratory activity of peritoneal macrophages decreased slightly.

8

Figure 3: Dot immunoassay of antigens with antisera from mice immunized with
antigen (A), GNPs + antigen (B), GNPs + antigen + CFA (C), and GNPs (D). 1,
MN22a. 2, HeLa. 3, SPEV-2. 4a, serum (positive control)

Figure 4: Changes in respiratory activity of peritoneal macrophages in mice
immunized by different schemes

Figure 5 shows the results for the content of proinflammatory cytokines in the sera of
mice after immunization and subsequent tumor transplantation. In the mice
immunized with the GNPantigen conjugate, the production of proinflammatory
9

cytokines was significantly reduced, as compared to that in the other groups. IFN-γ
production decreased by an average of 79%; IL-6 production, by an average of 80%;
and IL-1 production, by an average of 57%. In the other groups of mice, no significant
differences were noted between the amounts of proinflammatory cytokines produced.

Figure 5: Content of IL-6 (А), IFN-γ (B), and IL-1 (C) in sera of mice after
immunization and subsequent tumor transplantation

Tumor formation results
Seven days after the last immunization, the mice received transplants of MH22a
tumor cells. In groups 1, 3, and 4, variously sized tumors (0.52.5 cm; Figure 6A)
were present in all animals. On histological examination of the tumors, no hepatic
lobule structure, characteristic of the liver parenchyma, was observed. Nested cell
clusters were well visualized. The tumor cells were morphologically similar to
hepatocytes but were larger than them; they were polygonal, with globular nuclei and
clearly defined karyosomes. Between neighboring tumor cells there were ring-shaped
structures characteristic of hepatomas (Figure 6B). Yet, no tumors were observed at
the injection site in any group 2 mouse (GNPs + Ag). Only one mouse had a small
lump on day 21, but the lump disappeared on day 24. In groups 1, 3, and 4, the
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transplanted tumor cells survived 100%. Tumors appeared on day 5. Tumor sizes
were measured on days 10 and 24.

Figure 6: Appearance of a mouse with a transplanted tumor on day 24 after
transplantation (A), photograph by S. Staroverov. Histological section of the tumor on
day 24 after transplantation (B). Staining with hematoxylineosin, ×300

When the growth dynamics were constant, the tumor size in the infected mice
was maximal on day 24. But tumor weight varied depending on the immunization
method. Specifically, tumor weight was the largest in the animals immunized with the
GNPantigenCFA complex0.287 g, which is actually twice as large as the values
obtained for the animals immunized with the antigen and GNPs alone (Figures 7 and
8).
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Figure 7: Tumor growth dynamics

Figure 8: Tumor weight after euthanasia

Discussion
Analysis of the results shows that animal immunization with the GNPantigen
conjugate prevents tumor formation after cancer cell transplantation. This is in spite
of the fact that the antibody titer produced by conjugate immunization was the lowest.
This may be because in this case, immunization produces a Th1-dependent immune
response. It is accompanied by the elaboration of IFN-γ, IL-2, and TNF-α, which
affect the production of opsonizing and complement-binding antibodies by B-cells,
the activation of macrophages, cytotoxicity, and the induction of cellular immunity.
12

Immune responses dominated by Th1 cells mostly cause phagocyte-dependent
inflammation [41, 42]. The number of T cells, especially activated CD8+ cytotoxic T
cells and Th1 cells, correlates with better survival in some cancers, including invasive
colorectal cancer, melanoma, multiple myeloma, and pancreatic cancer [43].
In the mice injected with the GNPantigenCFA complex, tumor induction could have
been due to an inflammatory process in the tumor microenvironment that could have
been caused by immunization with CFA and by increased contents of IL-1β, IL-6, IL8, and monocyte chemoattractant protein-1 (MCP-1), observed in breast cancer
patients [44,45]. It has been suggested that these mediators can directly promote the
proliferation and invasion of breast cancer cells or can participate in angiogenesis,
which is important for breast cancer development and progression [46].
Kitamura et al. [47] reported that IL-6 suppresses major histocompatibility complex
(MHC) class II expression on Th1 cells, inhibiting IFN-γ and IL-2 secretion. They
noted that in this case, the cancer cells evaded antitumor immunological effects
through the reduction in cytotoxic T lymphocyte activity. This has also been pointed
out in studies on the relationship between IL-6 and gastrointestinal and other
cancers, and a role was found for IL-6 in the development and maintenance of
neoplastic cells. Gastric cancer cells secrete IL-6, and increased serum and tumortissue amounts of IL-6 possibly regulate tumor growth and development. Also,
increased amounts of inflammatory mediators such as TNF-α, C-reactive protein, and
IL-6 have been found in the sera of hepatocellular carcinoma patients [48,49].

CONCLUSION
Recent years have seen intense development of effective adjuvants for antitumor
immunotherapy. In particular, HSPs [50,51] and GNPs of various sizes and shapes
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have been proposed as such [52-54]. Here we used both of these adjuvants to
examine the part they play in the induction of antitumor immunity in laboratory mice.
We prepared conjugates based on 15-nm GNPs and thermostable antigens isolated
from MH22a murine hepatoma cells. BALB/c mice were immunized by different
schemes, and then they received transplants of MH22a cells. The mice immunized
with the GNPantigen conjugate showed no signs of tumor growth for 24 days. None
of the mice in this group developed a tumor, whereas mice in all the other groups did.
The mice immunized with the nanoconjugate had the lowest antibody titer. They also
showed significantly decreased production of the INF-γ, IL-6, and IL-1
proinflammatory cytokines.
This study has shown that it is possible in principle to use GNPs in combination with
HSPs for antitumor vaccination. The results suggest that anticancer vaccines can be
largely improved by including GNPs as additional adjuvants. The next stage of
research could be to design and test therapeutic vaccines based on HSPs and
colloidal gold.

Experimental
Preparation of GNPs
Gold nanospheres were made as described by Frens [55], by reducing HAuCl4 with
sodium citrate. A 240-ml portion of deionized water was heated to boiling in an
Erlenmeyer flask fitted with a water-cooled reflux tube. This was followed by the
addition to the flask of 2.5 ml of 1% aqueous HAuCl4 (SigmaAldrich, USA) and 7.75
ml of 1% sodium citrate (Fluka, Switzerland). The mixture was vigorously stirred. The
mean particle size was examined by spectrophotometry, transmission electron
microscopy (TEM), and dynamic light scattering (DLS).
14

Preparation of conjugates
A 150-µl portion of staphylococcal protein A (concentration, 1 mg/ml) and 25 ml of
colloidal gold solution (A518 = 1) were mixed. The mixture was stirred for 10 min.
Then 500 μl of 1% PEG-20,000 was added to the reaction mixture, and the mixture
was stirred for another 5 min. The samples were centrifuged at 12,000 g for 40 min,
and the supernatant liquid was decanted. The sediment was redissolved in a buffer
composed of 10 mM PBS, 0.02 M NaN3, 0.02% PEG-20,000, and 30% glycerol so
that the A518 of the sample was 5. The conjugates were stored at -20°C. GNPtumorantigen conjugates were made in the same way.
Culturing of cells
MH22a murine hepatoma cells, HeLa cervical carcinoma cells, and SPEV-2 porcine
embryonic kidney cells were used. All cells were obtained from the Russian
Collection of Cell Cultures of the Russian Academy of Sciences’ Institute of Cytology,
St. Petersburg, Russia.
Cells were grown on Dulbecco’s modified Eagle’s medium (DMEM) with 10% fetal
bovine serum, 100 units/ml penicillin, 100 μg/ml streptomycin, and 292 μg/ml Lglutamine. They were grown in sterile adhesive-culture bottles until monolayers were
formed.
Isolation of the total HSP fraction
After monolayers were formed, HSPs were isolated as described [56,57]. The culture
bottle with the MH22a monolayer was heated at 42°C for 1 h and incubated at 37°C
for 2 h. The cells were lysed, and the bottle was gently washed four times with 10 ml
of heated Hanks solution. Then, 15 ml of DMEM containing 4 mM glutamine and 2
mM PMSF was added. After the bottle was shaken at 37°C for 1 h and was washed,
it received 10 ml of Cytomix buffer (120 mM KCl, 0.15 mM CaCl2, 2 mM EDTA, 5 mM
MgCl2, 10 mM K2HPO4/KH2PO4, 25 mM HEPES, 2 mM PMSF, pH 8.0) and, finally,
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was frozen at -20°C and thawed at 37°C. This procedure was repeated three times.
The suspension was then transferred to a centrifuge tube and spun at 10,000 g for
15 min. Alternatively, cells were removed from the monolayer by trypsin treatment
and 7×106 tumor cells were lysed as described above. The resultant samples were
clarified by centrifugation at 20,000 g for 20 min. Protein was measured by the
Bradford method and was frozen at -70°C.
The cell lysate was then precipitated with ammonium sulfate to 40% saturation, and
the precipitate was spun at 20,000 g for 20 min at 4°C. The resulting supernatant
liquid was precipitated with ammonium sulfate to a final saturation of 80%, and the
precipitate was spun at 20,000 g for 20 min at 4°C. The sediment obtained after the
second centrifugation was dissolved in 4 ml distilled water and dialyzed against 0.2 M
PBS, pH 7.2, at 4°C for 48 h with frequent buffer changes. Antigens from HeLa and
SPEV-2 cells were isolated in the same manner. The resultant extracts were used for
further chromatographic purification.
Chromatographic purification of antigens
Antigens were purified by ion-exchange chromatography on a Toyopearl DEAE-650
column (Sigma, USA), by using an NGC Quest 10 chromatograph (Bio-Rad, USA).
The phase was equilibrated with 0.05 M TrisHCl, pH 7.5. The equilibrated sample
(100 μL), containing 240 μg protein, was applied to the column. The eluates were
collected as fractions by using a stepwise gradient of 0 to 0.5 M NaCl. The
absorbance of the eluates was monitored at 280 nm with a Spectronic-21
spectrophotometer (Thermo Scientific, USA).
Dot blot immunoassay
The dot immunoassay was run as follows [58]: Extracts from MH22a cells were
applied as a series of spots onto a Western S polyvinylidene fluoride membrane
(Millipore, USA). The membrane was blocked for 1 h with 2% fat-free powdered milk
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diluted in 10 mM PBS, pH 7.2, and was then incubated for 1 h in a solution of
antibodies prediluted 1:150. The isolated HSPs were identified by using mouse
polyclonal antibodies against GRP94 (Affinity Bioscience, Germany), HSP 90 kDa
alpha B1 (HSP90aB1), HSP 70 kDa 1A (HSPA1A), HSP 70 kDa 1B (HSPA1B), and
HSP 27 kDa (Cloud-Clone, USA). When there was a biospecific interaction, the
antibodies bound to the antigen adsorbed on the membrane. The membrane was
then washed free of nonspecifically bound antibodies and was immersed in a solution
of GNPs conjugated to staphylococcal protein A (А518=1). After 5–60 min, the binding
of the conjugate to the antigen–antibody complex was observable visually as a series
of red spots.
Western blotting
First, sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–PAGE) was
done according to Laemmli [59]. Molecular weight marker protein standards (Sigma,
USA) were included in each gel. After electrophoresis, the gels were stained with
Coomassie Brilliant Blue R-250 (Sigma, USA). For Western blotting, the
electrophoresed samples were transferred to a Western S membrane with a semidry
blotter and the membrane was incubated for 1 h in a blocking buffer containing 10
mM PBS, 0.1% Tween 20, and 5% fat-free powdered milk. Finally, the membrane
was incubated for 1 h in an antibody-containing serum solution and the reaction
results were detected with GNPs conjugated to staphylococcal protein A (А518 = 1).
Examination of antitumor efficacy of GNPantigen conjugates
GNPs complexed with thermostable antigens derived from the MH22a whole-cell
lysate were used to immunize BALB/c white mice. The animals were divided into six
groups of five in each. Group 1 received a PBS solution of the antigen (3 μg; 250 μL);
group 2, the GNPantigen conjugate (3 μg; 250 μL); group 3, the conjugate
emulsified 1:1 with complete Freund’s adjuvant (CFA) (3 μg; 500 μL); and group 4, a
17

solution of GNPs (250 μL). The animals were immunized intraperitoneally by two
injections with an interval of 10 days in between. Seven days after the last
immunization, the animals received transplants of MH22a tumor cells. These were
injected into the withers at 1×109 cells/mouse. The first signs of tumors appeared 14
days after infection; on day 21, the tumors were most clearly visible. On day 24, the
animals were killed and blood was drawn to determine the antibody titer and the
interleukin content. In addition, peritoneal cells were isolated to measure respiratory
activity (MTT test) and tumor histology was evaluated.
Animals were cared for and handled in accordance with the Guide for the Care and
Animal care and handling were in accordance with the Guide for the Care and Use of
Laboratory Animals, the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes, and the legislation of
the Russian Federation. The use of the animals was also approved by the institution
where the experiments were performed.
Work with laboratory animals was carried out at the Federal State Budgetary
Educational University of Higher Education “Saratov State Agrarian University named
after N.I. Vavilov”. The permissive document is the charter of the university, approved
by the order of the Ministry of Agriculture of the Russian Federation dated June 18,
2015 No. 66-u.
Enzyme-linked immunosorbent assay
The antibody titer was estimated by enzyme-linked immunosorbent assay (ELISA)
with horseradish peroxidase-labeled secondary antibodies against mouse IgG
(Jackson ImmunoResearch, UK) [60]. The reaction results were recorded on a Plate
Screen analyzer (Hospitex Diagnostics, Italy). Animal sera were diluted 10-fold and
then doubly titrated. The serum interleukin concentrations were measured by ELISA
with reagent kits for IL-1β, IL-6, and IFN-γ (Vector-Best, Russia).
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Examination of cellular respiratory activity
The respiratory activity of peritoneal macrophages was measured by the ability of the
cells to reduce nitrotetrazolium blue [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] to formazan (MTT test) [61]. Experimental and control
cells (200 μl of each kind) were added to the wells of a microtitration plate, and the
plate was placed in a CO2 incubator. After 72 h, 20 μl of 0.5% MTT solution was
added to all wells and the plate was incubated for another 3.5 h. An MTT stock
solution (5 mg/ml) was made with PBS and stored at 4°C in a dark vessel for no
more than 2 weeks. A 165170-μl portion of the supernatant liquid was carefully
taken from the wells, and 150 μl of DMSO was added to dissolve the formed
formazan crystals. The contents of the wells were carefully pipetted; alternatively, a
microshaker was used to shake the plates. The absorbance of the solution was
measured on a Spark-10M microplate reader (Tecan, Switzerland) at 560 nm. The
proliferation coefficient was calculated from the formula К = Aexp/Actrl.
Pathomorphological studies
The animals were killed by cervical dislocation under anesthesia. Tumor size was
measured with a micrometer with a division value of 0.1 mm. For histological studies,
whole tumors were placed in a container with a 10% neutral aqueous buffered
solution of formaldehyde, 96° alcohol, and Carnoy’s fixative. From the fixed tumors,
paraffin blocks (Histomix embedding medium; BioVitrum, Russian Federation) were
made by standard procedures. Sections were сut on a MICROM HM 450 sliding
microtome (Germany).
For microscopic observation, sections were stained with hematoxylineosin by the
Ehrlich method. The stained sections were embedded into Canadian balm (Panreac,
Spain) under a coverslip and were examined with a Micromed S-1 biological
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microscope (Biomed, Russia). Microphotographs were taken with a CANON
PowerShot A460 IS camera (Canon, Japan).
Statistics
The results were statistically processed by the standard procedures integrated into
Excel 2007 software (Microsoft Corp., USA). After the arithmetic mean and the
standard deviation for a given data sample had been found, we determined the
standard error of the arithmetic mean and its confidence limits with account taken of
Student’s t coefficient (n, p) [number of measurements n = 3, significance level =
95% (p = 0.05)]. These results are presented as histograms. The significance of
differences between individual samples was evaluated by a two-sample unpaired
Student’s t test with unequal variances. Differences were considered significant when
the experimentally found pexp value was ≤0.05.
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