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Introduction 
A large family of naturally occurring quinones is a promising source 

for the searching of new substances with potent biological activity [1]. 
In particular, a number of natural naphthazarins (5,8-dihydroxy-1,4-
naphthoquinones) has been isolated and studied for their antibacterial 
[2], cytotoxic and antitumor [3-5], nematicidal [6], and anti-
inflammatory properties [7]. Hydroxylated 1,4-nahthoqinones are the 
natural pigments of sea urchins [8]. One of them 2,3,5,6,8-pentahydroxy-
7-ethyl-1,4-naphthoqinone (echinochrome A) 1 isolated from sea
urchin Scaphechinus mirabilis, is the main component of Russian drug
Histochrome® [9], which is widely used for the treatment of burns and
traumas of eyes, ischemia, myocardial infarction and hemorrhagic
stroke. It is suggested that the mentioned biological activities of this
drug are based on its pronounced antioxidant properties [10]. Recently 
it was shown that echinochrome A 1 also increases mitochondrial
contents in rat cardio myoblasts and up-regulates mitochondrial
biogenesis regulatory genes such as PGC-1α, TFAM, TFB2M, nuclear
respiratory factor NRF-1, and some others [11].

For investigation of biological activity of different echinochrome A 
derivatives the some glicosilated compounds were synthesized early. It 
was established that trisglucoside U-133 significantly increased Hsp70 
expression in human erythroleukemia K562 cells [12]. The analysis of 
quantity and activity of cellular chaperones during the human leukemia 
U-937 cell response to heat stress or to the U-133 application showed
that both factors caused the accumulation of chaperones with similar
kinetics [13].

Heat shock proteins (HSPs), specifically the chaperone Hsp70, 
comprise molecular systems that are necessary for all living cells for 
normal functioning and protection from adverse factors. Within the last 
years evidence has been accumulating that HSPs can play an important 
role in the antitumour immune response. Members of the Hsp70 group 
have been found to be expressed on the cell surface of certain tumor 
cells [14-16], where they can act as immunogenic determinants for 
effector cells [17,18]. It was observed that Hsp70 can translocate on 
cancer cell surface or in extracellular area and present tumor antigens 
to antigen-presenting cells that results in activation of both cellular and 
humoral immune systems [19,20] and increasing in Hsp70 expression 
on cancer cells surface results in elevation of cancer cell sensitivity to 
NK-cells action [21,22].

It was found that a number of chemotherapeutical drugs and drug 
candidates are able to modulate Hsp70 expression both in cytosol and 
at the membrane besides their antitumor effect. For instance, cytostatic 
drugs, vincristine and paclitaxel, which induce tubulin aggregation in 
cancer cells, at sub-lethal concentrations caused increasing in cytosol 
and membrane-bound Hsp70 content in K562 cells [23]. Drug candidate 
N'1,N'3-dimethyl-N'1,N'3-di(phenylcarbonothioyl)malonohydrazide 
(STA-4783 or elesclomol) demonstrated Hsp70 induction and anti-
cancer activity against a wide range of tumor cell lines including a 
number of MDR tumor cell lines that was immune to taxol [24].

However, the influence of U-133 upon cell surface Hsp70 
expression in tumor cells and cancer cell sensitivity to cytotoxic action 
of immune cells was not examined such as anticancer effect of U-133. 
The purpose of present study is to investigate of U-133 influence on 
Hsp70 expression level in mouse Ehrlich ascitic carcinoma cells and its 
anti-tumor effects in vitro and in vivo.

Materials and Methods
Compound

Echinochrome 1 was isolated from the sea urchin Scaphechinus 
mirabilis [25]. In order to obtain water-soluble naphthoquinone 
derivatives echinochrome 1 was condensed with tert-butyl-1,2-
orthoester of D-glucose 2 in dry chlorobenzene under reflux and 
converted in 2,3,7-tris(tetra-O-acetyl-β-D-glucopyranosyl)-6-ethyl-
5,8-dihydroxy-1,4-naphthoquinone (U-133) 3 with 66% yield. The 
acetylderivative U-133 3 was deacetylated by treatment with sodium 
methoxide/methanole solution in polar trisglucoside U-137 4 (Scheme 
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1). Water soluble echinochrome trisglucoside U-137 4 was unstable 
and readily decompose in complex mixture of reaction products [26], 
therefore we work with stable acetylderivative U-133 3. The chemical 
structure of compound 3 (U-133) is shown on Figure 1a. Stock solutions 
(2 mM) of 3 were prepared using dimethylsulfoxide as the solvent, and 
were stored in darkness at -18°C. The final concentration of DMSO in 
cell culture did not exceed 1%. 

Animals

CD-1 and BALB/c mice weighing 18-20 g were purchased from the 
nursery Stolbovaya of Scientific Centre of Biomedical Technologies of 
Russian Academy of Sciences (Moscow, Russia) and kept at the animal 
facility under standard conditions. CD-1 mice were used for inoculation 
of Ehrlich carcinoma cells in in vitro and in vivo experiments. BALB/c 
mice were used for peritoneal macrophage isolation. All experiments 
were conducted in compliance with all rules and international 
recommendations of the European Convention for the Protection of 
Vertebrate Animals used for experimental studies.

Cell cultures

Ehrlich carcinoma cells: The museum tetraploid strain of 
mouse Ehrlich carcinoma was provided by the N.N. Blokhin Russian 
Oncology Center (Moscow, Russia). The cells of Ehrlich carcinoma 
were injected into the peritoneal cavity of 18-20 g albino CD-1 mice 
(male and female). Cells for experimentation were collected 7 days 
after inoculation. The mice were killed by pervisceral dislocation and 
the ascitic fluid containing tumor cells was collected with a syringe. The 
cells were washed two times by centrifugation in phosphate buffered 

saline (PBS, pH 7.4) followed by re-suspension in RPMI-1640 cultural 
medium containing gentamicine 50 µg/ml (BioloT, St.-Petersburg, 
Russia) without serum. The cell number and viability were counted 
with a hemocytometer and trypan blue staining procedure. The final 
cell concentration in the medium usually was 1-2 × 106 cell/ml.

HeLa-luc cells: Stable Hsp70.1 promoter-luciferase reporter HeLa 
cell line (HeLa-luc) were cultured in DMEM medium supplemented 
with 10% fetal bovin serum (BioloT, St.-Petersburg, Russia), 2 mM 
L-glutamine, penicillin (5000 µm/ml) and streptomycin (5 mg/ml). The 
selection of resistant cells was done using genicitine G-418 (500 µg/ml, 
Sigma-Aldrich, St. Louis, USA).

Cell viability

Cell viability assay was evaluated according to standard MTT 
method [27]. Briefly, EAC cells (1 × 106 cells/ml) were seeded in a 96-
well microplate and incubated with various concentrations of U-133 
for 24 h. Subsequently, the culture medium was replaced with 100 µl 
fresh medium. After that 10 µl of MTT (Sigma-Aldrich, USA) stock 
solution (5 mg/ml) was added to each well and the microplate was 
incubated for 4 h. Then 100 µl of SDS-HCl (1 g SDS/10 ml dH2O/17 
µl 6N HCl) was added to each well followed by incubation for 18 
h. Absorbance of converted dye, formazan, was measured using a 
Multiskan FC microplate photometer (Thermo Scientific, USA) at 570 
nm with background subtraction at 630-690 nm. Cytotoxic activity of 
compound was expressed as EC50.

Luciferase assay

Luciferase assay was carried out according to the published method 

Concentration, µM

Figure 1: Chemical structure of U-133 (a) Cytotoxic activity of U-133 against EAC cells for 24 h (b) *p<0.05 compared with control cells. 
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Scheme 1: Synthesis of trisglucoside derivatives of echinochrome.
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[28]. For experiments with the Hsp70.1 promoter-luciferase reporter 
stable HeLa cell line, cells were plated to 1 × 106 cells/well in 24 well 
plates and incubated at 37°C with 5% CO2 for 24 h. The solutions of 
U-133 at different concentrations were added in wells on the next day 
and plates were incubated additionally for indicated time. Then the 
cells were rinsed by cold PBS and lysed in buffer (1% Triton X-100, 
25 mM glycine, 15 mM MgSO4, 4 mM EGTA) for 30 min at -80°С. 
After defrosting the aliquots of cell lysates were transferred in white 96-
well plates and luciferase assays were performed using the Bright-Glo 
assay system (Promega, Fitchburg, USA) according to manufacturer’s 
instructions. Luminescence intensity was measured using Luminoskan 
Ascent microplate photometer (Thermo Electron Corporation, USA) 
and expressed as arbitrary units (a.u.).

Immunoblotting

The Ehrlich ascites carcinoma cell suspension (2 × 106/ml) was 
placed in 6-well plates containing U-133 solution and incubated at 37°C 
and 5% CO2 for different time. Then cells were collected, washed and 
used for the sample preparation for electrophoresis. Heat shock treated 
cells (42°C for 30 min) were used as positive control. 

Proteins were separated using the method of SDS electrophoresis 
in 10% polyacrylamide gel. The electrophoretically separated proteins 
were transferred onto the nitrocellulose membrane Whatman (Sigma-
Aldrich, St. Louis, USA) using a semi-dry transfer apparatus (Helicon, 
Moscow, Russia). The Hsp70 protein zone was revealed using specific 
monoclonal antibodies against Hsp70 BRM-22a (Sigma-Aldrich, 
St. Louis, USA) in dilution of 1:1000 and of secondary antibodies 
conjugated with horseradish peroxidase in dilution of 1:10000 (Sigma-
Aldrich, St. Louis, USA). The peroxidase reaction was visualized by 
enhanced chemiluminescence (ECL) method according to instruction 
of the manufacturer (Sigma-Aldrich, St. Louis, USA) using VersaDoc 
imaging system (Bio-Rad, USA).

Immunocytochemistry

For immunocytochemistry staining Ehrlich carcinoma cells were 
collected, washed with cold PBS and fixed by 100% methanol during 
5 min. After that the cells were incubated with 0.25% Triton X-100 
during 30 min. Then cells were washed twice with PBS and incubated 
with BRM-22a antibodies against Hsp70 (Sigma-Aldrich, St. Louis, 
USA) in dilution of 1:1000. Then secondary antibodies conjugated with 
Mega485 (Sigma-Aldrich, St. Louis, USA) were used in optimal dilution 
of 1:10000. The secondary fluorescent dye-labeled antibody without 
use of BRM-22a primary antibody to Hsp70 was used as control to 
detect non-specific cell staining. Examination of fluorescence intensity 
in single cells was performed with an LSM 510 META confocal laser 
scanning microscope (Carl Zeiss, Germany) equipped with an Ar laser 
with an effective power of 30 mW, using Plan-Neofluar 40 × 1.3/Oil 
objective. Confocal images were obtained after excitation at 488 nm and 
emission at 522 nm. The intensity of the Ar laser was 5.9% of maximal 
power for Mega485 fluorescent probe excitation. These settings were 
constant for every set of experiments. Image processing was evaluated 
with Release 3.5 and ZEN 2010 software (Carl Zeiss, Germany). Data 
were presented as the mean from several separate experiments (at least 
200-300 cells were analyzed in each experiment).

Splenocytes cytotoxicity assay

Effector cells: Splenocytes were isolated from spleens of BALB/c 
mice by standard procedure, re-suspended at concentration of 1 × 107 
cells/ml in RPMI-1640 medium supplemented with 10% fetal bovine 
serum.

Target cells: Ehrlich carcinoma cells (1 × 106 cells/ml) were 

incubated with 10 µM U-133 at 37°C for 2 h. After that the cells were 
collected and washed once by centrifugation. Then the cells were re-
suspended with RPMI-1640 medium containing 1 µM calcein-AM 
(Sigma-Aldrich, St. Louis, USA). After incubation at 37°C for 15 min 
the cells were washed by centrifugation and re-suspended with RPMI-
1640 medium contained 10% fetal bovine serum at concentration of 1 
× 105 cells/ml.

Cytotoxicity assay was carried out by a calcein-AM release method 
as described previously [29,30]. Cytotoxicity was evaluated in terms of 
the fluorescence intensity (%) of calcein released from dead target cells.

Anticancer activity in vivo

Ascitic Ehrlich carcinoma model: Ehrlich carcinoma cell 
suspension was inoculated i.p. into CD-1 mice (2 × 106 cells/mouse). 
U-133 therapy was initiated on the next day after cancer cell inoculation. 
Compound solution in 20% DMSO was injected subcutaneously in 
volume of 200 µl at dosage of 100 mg/kg every two days, six times in 
all. Control mice received 20% DMSO solution subcutaneously (200 µl 
per mouse). 

In another type of experiments Ehrlich carcinoma cell suspension 
(2 × 106 cells/ml) was loaded in Petri dishes containing 1 µM U-133 
solution and cells were incubated at 37оС for 3 h. Then the cells were 
washed by centrifugation and cell sediment was re-suspended in 1.5 ml 
PBS and inoculated i.p. into CD-1 mice in volume of 0.2 ml per mouse. 

Two groups (control and experimental), 6-10 mice in each group, 
were used in the experiments. 

Solid Ehrlich carcinoma model: The tumor cells were 
hypodermically inoculated under the left shoulder blade of the mouse, 
5 × 106 cells/mouse in 0.5 ml of saline. On the next day after tumor 
inoculation, mice were treated with U-133. 

Two groups, 7 mice in each group, were used in the experiments:

a)	 Group 1 (control): Animals received 20% DMSO solution 
subcutaneously (200 µl per mouse). 

b)	 Group 2 (experimental): Animals were subcutaneously 
administrated with a U-133 solution in 20% DMSO in volume of 200 µl 
at dosage of 100 mg/kg every two days, seven times in all.

Dynamics of carcinoma growth and antitumor effect was estimated 
by tumor growth relative to a control using magnetic resonance 
tomography (MRT) on a PharmaScan US 70/16 (Bruker, Germany) 
tomograph. The first scanning was done the week after the tumor 
inoculation. Each experimental animal was first anestized by a solution 
of Rometar (Xylazinum, Spofa, Czech Republic) at dosage of 5.5 mg/
kg. T2-weighted images in spine-echo (SE) regime along with RARE_8 
protocols specially modified for this investigation was used for 
visualization and identification of changes in tumor size.

The main image has followed the parameters: TR=2579.8 ms; 
ТЕ=44.5 ms; FOV=3-3.5 cm, matrix – 256 × 256; thickness of the 
cross-section – 1.2 mm; a distance between cross-sections – 1.5 mm; 
the number of cross-sections – 12-16.

Images were analyzed and tumor volumes from two orthogonal 
sets of multislice-multi-echo images covering the entire tumor were 
calculated using ParaVision 3.0.1. software facilities (Bruker, Germany). 
The solid tumor volume (VΣ) was calculated from the equation:

VΣ = h 
1

n

i

Si
=
∑
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where h – thickness of slice (mm); n: total number of slices; i: running 
slice number; S: area of slice (mm2).

Survivability of mice was evaluated by observation every day during 
40 days. The average life span (ALS) for animals bearing ascitic tumors 
was determined for control and experimental groups. Increase in the 
life span (ILS, %) was determined according to the equation: ILS=(T/C) 
× 100%, where T and C are the average life span (days) of animals in the 
experimental and the control groups, respectively.

Statistical analysis
Average value, standard error, standard deviation and p-values in all 

experiments were calculated and plotted on the chart using SigmaPlot 
3.02 (Jandel Scientific, USA). Statistical difference was evaluated by 
t-test, and results were considered as statistically significant at p<0.05.

Results and Discussion
Effect of U-133 on EAC cell viability 

To determine the drug concentration range in which the compound 
is not toxic for cells, its cytotoxic activity was investigated (Figure 1b). 
The EC50 for U-133 estimated by MTT assay was found to be more than 
100 µM. If the U-133 was applied at maximal concentration of 80 μM 
then only approximately 40% of EAC cell death was observed after 24 
h of cell incubation with compound. Therefore, all further experiments 
were executed with U-133 concentration range of 1-10 µM. 

U-133 induces Hsp70 expression in HeLa-luc and EAC 
cells

In order to determine whether the compound causes increased 

expression of heat shock proteins in the EAC cells, two standard 
approaches were applied: the estimation of chaperone induction in 
a transgenic cell culture HeLa-luc [28], and evaluation of chaperone 
expression in EAC cells by immunocytochemistry ECA [12]. 

U-133 was shown to induce expression of an Hsp70.1 promoter 
luciferase reporter gene stably integrated into HeLa cells (HeLa-luc 
cells). The linear dose-response relationship of U-133 effect upon 
Hsp70 expression in HeLa-luc cells was demonstrated in the range of 
compound concentrations 1-10 µМ (Figure 2a).

U-133 activates the Hsp70 promoter reporter in diverse cell types 
to levels comparable with that obtained with heat shock (42°C; data 
not shown). The induction of Hsp70 expression was observed in the 
human HeLa-luc and mouse EAC cells (Figures 2 and 3). These results 
demonstrate that U-133 can activate the Hsp70 expression irrespective 
of cell type.

It was recorded that the level of Hsp70 expression initiated by 
U-133 in HeLa-luc cells is time-dependent. Thus, Hsp70 expression 
level was found to be increased after 2-3 h of incubation and reached 
the maximum after 24 h of incubation (Figure 2b). 

The observed dynamic of Hsp70 expression in U-133 treated 
HeLa-luc cells was similar to that of EAC cells. The accumulation of 
the amount of the appropriate gene product measured with the aid of 
Western blotting in the U-133 treated EAC cells was distinctly shown at 
approximately 3 h of incubation and significantly increased after 24 h. 
Typical immunoblots are presented in Figure 2c.

Figure 2: Effect of U-133 on Hsp70 expression in HeLa-luc cells and EAC cells. Dose-dependent curve of the Hsp70 induction in U-133 
treated HeLa-luc cells. Incubation time is 18 h (a) Changes in Hsp70 expression in HeLa-luc cells treated with 10 µМ U-133 (b) Changes 
in amounts of Hsp70 in EAC cells after treatment with 5 µМ U-133 (c) *p<0.05 compared with control cells. 
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Treatment with U-133 increases of Hsp70 expression on EAC 
cell surface

To study changes in Hsp70 localization in U-133-treated EAC 
cells we employed confocal microscopy using BRM-22 antibody. The 
antibody was earlier found to recognize both cytosolic and membrane-
bound forms of the protein [31]. We found that in full agreement with 
the data on Hsp70 expression the protein amount after the beginning of 
incubation with U-133 was grown in cytoplasm and the green speckles 
appeared in a close proximity to a cell surface (Figures 3a and 3c). We 
measured the whole area of staining with BRM-22 antibody and the 
data show that Hsp70 expanding throughout a cell developed in a time-
dependent manner (Figure 3b). 

The kinetic curve of the process indicates that an increase in the 
total amount of the chaperone Hsp70 in the cytoplasm and on the 
cellular surface started 2 h after U-133 treatment, and the significant 
maximum occurred at 24 h.

U-133 increases cell-mediated cytotoxicity of splenocytes 
against tumor cells

To ascertain the fact that the incubation of tumor cells with U-133 
could increase the cytotoxic properties of lymphocytes, we investigated 
the cell-mediated cytotoxicity of mouse splenocytes against tumor cells.

It is known that Hsp70 accumulating in cells due to the action of 
a certain factor and expressing at a cell surface can trigger anti-tumor 
cytotoxic response elicited by NK cells [23]. Our results show (Figure 4) 
that 2-hour treatment of EAC cells with U-133 increased their sensitivity 
to cytotoxic effect of spleenocytes by 20% at the effector:target cell ratio 
100:1. 

U-133 exhibits anticancer effect in vivo

The data of lymphocyte cell-mediated cytotoxity assay in vitro 
prompted us to analyze the anti-tumor effect of the substance in mouse 
model of carcinoma. In this study after preliminary treatment with 
U-133 at 1 μM during 3 h the EAC cells were intraperitoneally (i.p.) 
injected into the mice, and their survival was then calculated after 40 
days of observation in both control and experimental groups of animals. 
ALS for control group was found to be 14 days in control and 19 days 
in experimental group, and ILS was calculated to be 26% (Figure 5).

In another type of experiments the untreated EAC cells were i.p. 
injected into the mice and then U-133 therapy was applied. It was 
found that U-133 administrated subcutaneously at a dose of 100 
mg/kg inhibited the in vivo development of ascites tumors in the 
early period after tumor inoculation. Approximately 80% cases of 
tumor development were not visually detected on the twelfth day in 
experimental group of animals. In contrast, 100% of the mice in the 
control group had developed tumors (Figure 6). However, on the 21st 

day of development tumors were observed in both groups.

Figure 6a shows the dynamics of the survival of mice with Ehrlich 
ascites carcinoma in the control group and in the group receiving 
U-133. On the assumption of these data, ALS of the control group was 
16.4 days whereas the group using the drug had a statistically significant 
(p<0.05) increase in the life span up to 20.6 days. In this case, the ILS 
was 25.6% as compared to control group. 

Suggesting that the elevation of viability of mice was due to the 
inhibition of tumor growth rate in animals injected with U-133 we 
carried out analysis of cancerous tissues using the method of high 

Figure 3: Immunocytochemical visualization of Hsp70 expression changes in the cells using Hsp70-specific BRM-22a antibody in EAC 
cells treated with 5 μM U-133. Stained cells and quantified results are presented, respectively (a and b). Zoomed image of stained EAC 
cell after 2 h incubation with U-133. Arrow indicates cell surface (c).
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resolution MRT. Solid Ehrlich carcinoma growth rate was studied in 
the in vivo experiments starting on 7th day post tumor inoculation when 
the tumor knots became detectable. The tumor volume was increased 
rapidly in mice from control group, and after 3 weeks it was expanded 
to 10 times (from 0.389 ± 0.046 cm3 after 7 days to 3.342 ± 0.168 cm3 

after 28 days of tumor inoculation).

It was found that the U-133 application suppressed the solid form of 
mouse Ehrlich carcinoma growth. The best results concerning reliable 
delay of the tumor growth were achieved for the group of animals 

receiving the compound subcutaneously at dosage of 100 mg/kg every 
two-three days, seven times in all. Administration of U-133 along 
with a “curing” scheme resulted in a reliable decrease of the tumor 
size compared to the control, and the maximal anticancer effect was 
observed on twenty first day of the experiment. To this time the tumor 
volume in control group was found to be 2.883 ± 0.107 cm3, whereas in 
experimental group the tumor volume was 1.708 ± 0.270 cm3 (59.2% 
of control). Thus, the delay in tumor growth reached about 41% on 21st 
day of the experiment. Mouse Ehrlich solid carcinoma growth rate and 

Figure 4: Influence of U-133 on cytotoxic activity of murine splenocytes against EAC cells. EAC cells were incubated with 5 μM U-133 for 2 h. *p<0.05 
compared with non-treated cells.

Figure 5: Survival rates of mice with Ehrlich ascites carcinoma. EAC cells were pretreated with 1 µМ U-133 for 3 h and then inoculated in to the mice.
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images of mouse tumor knots obtained by MRT scanning at day 21 after 
tumor inoculation are shown in Figure 7.

In this study we show that U-133, semisynthetic acetylated 
trisglucosydic echinochrome derivative, induces Hsp70 expression in 
EAC cells. It was established that Hsp70 expression in cells exposed to 
U-133 is time-dependent. These results have been confirmed in several 
independent experiments where the fact of of Hsp70 induction was 
established with the aid of Hsp70.1 (HSPA1A) promoter-luciferase 
reporter HeLa cell line, immunoblotting and confocal microscopy.

Previously, we found that both heat shock and the U-133 substance 
were effective inducers of Hsp70, and the amount of the protein 
remained high during at least 24 h. The content of Hsp70 in the heat-
treated cells increased approximately 3 h earlier and the protein itself 
remained in the cells for a longer time than after the treatment with 
U-133 [13].

Hsp70 is known to be Yanus-like protein; the chaperone 
protects cells from apoptosis by inhibiting lysosomal membrane 
permeabilization which may be one of the reasons of tumor resistance 
to chemotherapeutic agents [32,33]. Furthermore, the background 

Figure 6: Survival rates of mice with Ehrlich solid ascites carcinoma. U-133 was administered subcutaneously in dose of 100 mg/kg. Arrow indicates 
the days of compound administration (a)  Representative photograph of tumor-bearing mouse of control group (b) and experimental group received 
U-133 (c) on 12th day post tumor inoculation.

Figure 7: U-133 administration reduces Ehrlich carcinoma growth rate. Arrows indicate the days of compound administration (a). Images of mouse 
tumor knots obtained by MRT scanning at day 21 after tumor inoculation (b - e). Axial (b and c) and coronary (d and e) MRT-images, (b and d) control 
mouse, (c and e) mouse received U-133 therapy. Arrows indicate carcinoma knot localization. Data are shown as m ± sd; *p<0.05.
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cytosolic Hsp70 level of cancer cells higher than in normal cells that 
provides a cell response to such stresses as hypoxia, radiation and 
chemotherapy [34]. On the other hand the appearance of Hsp70 at 
the surface of a cancer cell triggers activation of cytotoxic NK cells 
as proved by the group of Multhoff [19]. We can hypothesize that the 
NK cell-mediated destruction of tumor can lead to the appearance of 
Hsp70 complexes with tumor antigen, their incorporation to dendrytic 
cells, the event leading ultimately to the development of the specific 
anti-tumor activity represented by CD4+ and CD8+ cells [35,36]. Taken 
together, the experimental data suggest that Hsp70 induction serves 
to signal the immune system of the presence of an immunologically 
relevant (dangerous) situation against which an immune reaction 
should be raised [19,22,37,38].

We have found that the U-133 antitumor activity was observed not 
only in the case when cancer cells were preincubated with compound 
in vitro first and then inoculated into mice intraperitoneally, but also 
in cases of compound’s therapeutic subcutaneous administration to 
animals with pre-grafted solid or ascitic form of Ehrlich carcinoma. 
In all the above experiments, the antitumor effect was developed as 
resulted in a longer lifespan of mice and significant inhibition of tumor 
growth.

We have observed that the Hsp70 chaperone appearance in the 
cancer cell cytoplasm and membranes under the U-133 influence was 
accompanied with the significant enhancement of mouse splenocyte 
cytotoxic properties when they are co-incubated with Ehrlich ascites 
carcinoma cells. Obviously, the observed antitumor effects of U-133 
can be explained by its non-direct influence upon splenocyte cytotoxic 
properties. It should be noted that the antitumor effect of the U-133 
was manifested mainly in the initial stages of tumor development. 
Pronounced delay in the dynamics of tumor growth was occurred under 
the influence of the U-133 during the first 12 days of the animal curing. 
It is possible that the combined experiments to study the antitumor 
effect of U-133 with a known cytostatic agent (e.g., 5-fluorouracil, 
cyclophosphamide and doxorubicin) may be the most promising.

Conclusion
Thus, we have demonstrated that U-133 has a marked antitumor 

effect in the early stages of mouse Ehrlich carcinoma growth. This effect 
may be mediated by increased expression of Hsp70 chaperone in tumor 
cells, its appearance on the cell surface and increase the sensitivity of 
tumor cells to the cytotoxic effects of immune cells.
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