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Abstract

Background: Immunization of mice with tumor homogenate after combined treatment with cyclophosphamide
(CP) and double-stranded DNA (dsDNA) preparation is effective at inhibition of growth of tumor challenged after
the treatment. It was assumed that this inhibition might be due to activation of the antigen-presenting cells. The
purpose was to develop improved antitumor strategy using mice. We studied the combined action of cytostatics
doxorubicin (Dox) plus CP with subsequent dsDNA preparation on tumor growth.

Methods: Three-month old CBA/Lac mice were used in the experiments. Mice were injected with CP and human
dsDNA preparation. The percentage of mature dendritic cells (DCs) was estimated by staining of mononuclear cells
isolated from spleen and bone marrow 3, 6, and 9 days later with monoclonal antibodies CD34, CD80, and CD86.
In the next set of experiments, mice were given intramuscularly injections of 1-3 × 105 tumor cells. Four days later,
they were injected intravenously with 6-6.7 mg/kg Dox and intraperitoneally with 100-200 mg/kg CP; 200 mkg
human DNA was injected intraperitoneally after CP administration. Differences in tumor size between groups were
analyzed for statistical significance by Student’s t-test. The MTT-test was done to determine the cytotoxic index of
mouse leucocytes from treated groups.

Results: The conducted experiments showed that combined treatment with CP and dsDNA preparation produce
an increase in the total amount of mature DCs in vivo. Treatment of tumor bearers with preparation of fragmented
dsDNA on the background of pretreatment with Dox plus CP demonstrated a strong suppression of tumor growth
in two models. RLS, a weakly immunogenic, resistant to alkalyting cytostatics tumor, grew 3.4-fold slower when
compared with the control (p < 0.001). In experiment with Krebs-2 tumor, only 2 of the 10 mice in the Dox+CP+DNA
group had a palpable tumor on day 16. The cytotoxic index of leucocytes was 86.5% in the Dox+CP+DNA group, but
it was 0% in the Dox+CP group.

Conclusions: Thus, the set of experiments we performed showed that exogenous dsDNA, when administered on
the background of pretreatment with Dox plus CP, has an antitumor effect possibly due to DC activation.

* Correspondence: labmolbiol@mail.ru
2Institute of Cytology and Genetics, Siberian Branch, Russian Academy of
Sciences, Novosibirsk, Russia
Full list of author information is available at the end of the article

Alyamkina et al. Genetic Vaccines and Therapy 2010, 8:7
http://www.gvt-journal.com/content/8/1/7 GENETIC VACCINES 

AND THERAPY

© 2010 Alyamkina et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:labmolbiol@mail.ru
http://creativecommons.org/licenses/by/2.0


Background
The most effective antitumor treatment is currently
achieved by chemotherapeutic agents that abrogate
tumor cells [1]. Despite this, chemotherapy is virtually
without influence on life expectancy of patients with
certain cancers. With this in mind, novel strategies for
treating malignancies are being developed in experi-
ments and applied in clinical setting. These are targeted
towards potentiation of immune mechanisms of antitu-
mor defense [2,3]. The conventional vaccines are uti-
lized, also those based on the pathogen-associated
molecular patterns (PAMPs) of bacteria, including endo/
exotoxins of bacterial origin, and CpG DNA prepara-
tions [4-12].
Dendritic cells (DCs), which are capable of activating

T-lymphocytes, including naive T-cells, have an impor-
tant role in triggering and development of the adaptive
immunity [9,13,14]. Mature DCs that express MHC
antigens of class I and class II, also the various costimu-
latory molecules CD40, CD54, CD80, and CD86 are
capable of only presenting foreign antigens within the
MHC complex [15-21].
Search of novel inducers of antitumor immunity has

been intense over the past years. It has been revealed
that mammalian double-stranded DNA (dsDNA)
induces both humoral and adaptive immune responses
[15,22,23]. This induction is provided by the action of
dsDNA preparations primarily on professional antigen-
presenting cells. This process enfolds via the TLR-inde-
pendent pathway and is mainly due to activation of
TANK-binding kinase-1, TBK1 [22-27]. As a result of
internalization of exogenous DNA, DCs up-regulate
expression and secretion of type I interferon-beta (INF-b)
[22,25]. In addition, dsDNA induces complete DC matura-
tion, by stimulating expression of cofactor molecules
on cell wall needed for development of the adaptive
immunity [15].
Cyclophosphamide (CP) is a drug widely applied in

the clinic to treat cancers. The effect is predominantly
based on direct cytotoxic action on tumor cells resulting
in their lysis. CP has an influence on CD4+CD25+FoxP3
regulatory T cells. Regulatory T cells accumulate predo-
minantly in the tumor microenvironment and lymphoid
organs [28] where they suppress activation and prolif-
eration of the other immune cells [28-32]. When admi-
nistered at moderate doses, CP not only induces a
reduction in numbers of regulatory T cells [33-35], also
diminishes their functionality [32,34], thereby allowing
to reduce the intensity of the immunosuppressive back-
ground in tumor microenvironment and to activate the
antitumor immune response [31,32,35]. The effect of CP
on various DC subsets was manifest as enhancement of
antitumor immunity [36-38].

It has been amply demonstrated that under the com-
bined effect of CP and dsDNA preparation (CpG DNA,
for example), the immune system is stimulated and
tumor growth is suppressed [for reference, see 9]. The
therapeutic effect is synergic in that cytostatic preferen-
tially decreases the amount of regulatory T cells in the
tumor microenvironment and/or directly kills tumor
cells, while dsDNA preparation stimulate maturation
and activity of cells of the adaptive immunity [9,39].
There are chemotherapeutic agents capable of poten-

tiating immunogenicity of tumor cells directly at the
level of the organism. Doxorubicin (Dox), idarubucin,
and mitoxanthrone, cytostatics of the antracycline series,
are of this kind. A relevant observation was that induc-
tion of exposure of the protein calreticulin on cell
surface of dying cells is required for activation of
the antitumor immune system [40,41]. Calreticulin is a
calcium-binding lectin chaperone, mainly represented
on endoplasmic membrane. Its exposure on cell sur-
face of dying tumor cells acts as an “eat me” signal for
removal by neighboring phagocytic cells [40,42] and
facilitates thereby their almost instantaneous capture
[41]. The combination of Dox with cytostatic drugs
(CP plus paclitaxel) and whole-cell vaccines was highly
effective in enhancing antitumor response in transgenic
mice [43].
Here, we demonstrate that human exogenous dsDNA

preparation induces maturation of mouse spleen and
bone marrow DCs in vivo. To evaluate the efficacy of
vaccination with human dsDNA preparation, we chose a
strategy whereby mice were treated with preparation of
fragmented dsDNA on the background of pretreatment
with Dox plus CP. This strategy provided the presence
of tumor antigens thanks to the in vivo abrogation of
tumor by the combined action of cytostatics. The subse-
quently injected dsDNA preparation induced effective
DC maturation. This strategy demonstrated a consider-
able delay in tumor growth. Cytotoxic test provided evi-
dence indicating that in the blood there appeared a cell
population with high, up to 86.5%, cytotoxic activity
against cells of the challenged tumor.

Methods
Laboratory animals and tumor models
Three-month old CBA/Lac mice (henceforth designated
as CBA) that were bred at the animal facility of the
Institute of Cytology and Genetics (IC&G), the Siberian
Branch of the Russian Academy of Sciences, were used
in experiments. Mice in groups of 10 were housed in
plastic cages in a well-illuminated room. They had free
access to food and water. All experiments were per-
formed in accordance with protocols approved by the
Animal Care and Use Committee of the IC&G.
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Krebs 2 ascitic carcinoma is a strain-nonspecific
tumor derived from epithelial cells; all inbred mouse
strains can be challenged with Krebs 2 tumor cells.
When challenged subcutaneously (s.c.) or intramuscu-
larly (i.m.), it grows as solid nodes. It is weakly immuno-
genic for mice of all strains. It does not give rise to
metastases [44].
Lymphosarcoma LS is strain-specific to CBA mice; it

was induced in them by nitrosomethylurea, passages in
ascitic form. When challenged i.m., it grows as solid
nodes. It develops in 100% of challenged mice, does not
regress spontaneously. It is subjected to apoptosis under
the effect of alkylating antitumor agents. It metastasizes
to liver, kidneys, lungs. Lymphosarcoma RLS-40 is a ver-
sion of LS tumor. It is resistant to alkylating compounds
[45,46].
Mice were injected i.m. into the right hind limb with

tumor cells at a dose of 1-3 × 105 cells/mouse. The
tumors were allowed to grow to solid nodes. As soon as
tumor became palpable, about 7 days after challenge, it
size was measured with calipers every 1-2 days. Tumor
size was calculated by multiplying the three perpendicu-
lar diameters. Differences in tumor size between groups
were analyzed for statistical significance by Student’s
t-test.

DNA preparation
Human DNA preparation was isolated from the placen-
tas of healthy women using a phenol-free method. It
was fragmented in an ultrasonic disintegrator at a fre-
quency of 22 kHz to obtain a mixture of DNA frag-
ments with a size 200-6,000 bp. The human DNA was a
pharmacopeian preparation “Panagen” (Registration cer-
tificate Medical Drugs of Russia No. 004429/08 of
09.06.2008). This preparation does not contain steroid
hormones and RNA. It gives negative PCR results for
hepatitis B virus DNA, hepatitis C virus RNA,
HIV DNA, HIV RNA. The DNA preparation does not
contain histones and polysaccharides; it is also endo-
toxin-free.

Estimation of DC maturity in vivo
Mice were injected with CP (Veropharm, Russia) at 200
mg/kg and 200 mkg of human dsDNA preparation 1
day (on the day of CP injection), 3, 4, and 5 days after
CP treatment. Three, 6, and 9 days later, the fraction of
mononuclear cells (MNCs) was isolated from spleen and
bone marrow. MNCs were isolated also from untreated
mice. Every group consisted of 4-6 mice. The experi-
ment was repeated twice.
Mice were anesthetized and sacrificed by cervical dis-

location. Femurs and tibias were removed and bone
marrow cells were flushed from them by RPMI-1640
(Sigma-Aldrich) medium. Washed bone marrow cells

(DC precursors) were suspended in RPMI-1640. Spleen
contents were scraped out with pincers into Petri dishes
and resuspended in PBS. The obtained cell suspension
was applied onto 3 ml ficoll 400 (Farmaceg) - urografin
(Schering) gradient, centrifuged (5810R, Eppendorf) at
1,500 rpm for 30 min. MNCs were collected, washed and
precipitated. Cell residue was suspended in RPMI-1640,
the number of cells was counted and diluted to 2 × 105

in 200 μl of medium.
The percentage of mature spleen and bone marrow

DCs was estimated by staining with monoclonal antibo-
dies CD34-PerCP, CD80-FITC, and CD86-PE (Santa
Cruz). Cells were analyzed on a flow cytofluorometer
BD FACSAria (BD Biosciences). Additional file 1 is a
dot plot figure of the event gating for CP+DNA group.
Statistics was based on estimates of the number of

mature DCs relative to the total number of isolated
MNCs.

Schedule for treatment with exogenous dsDNA
preparation after administration of cytostatics Dox plus
CP
CBA mice were given an i.m. challenge with 105 RLS-40
tumor cells. Four days later, they were injected intrave-
nously (i.v.) with 6.7 mg/kg Dox (Veropharm, Russia)
and i.p. with 100 mg/kg CP; 200 mkg human DNA was
injected i.p. after 30 min, then 2 and 3 days after CP
administration. Mice were assigned to three groups
(n = 10) according to treatment schedule: 1) challenged
tumor + PBS injections (control); 2) Dox + CP; 3) Dox +
CP + DNA.
CBA mice were given 3 × 105 Krebs-2 tumor cells

injected i.m. Four days later, they were administered i.v.
6 mg/kg Dox and i.p. 200 mg/kg CP; 200 mkg human
DNA was administered i.p. 30 min after CP, also 2, 3,
and 5 days after it. Assignment of mice to groups, with 10
in each, was as follows: 1) challenged tumor + PBS injec-
tions (control); 2) Dox + CP; 3) DNA; 4) Dox + CP +
DNA. The experiment was done in triplicate.
The dosages of Dox and CP were the conventionally

used for chemotherapy in the clinic, 100-200 mg/kg for
CP and 6-7 mg/kg for Dox. The DNA preparation was
used at 200 mkg/mouse/injection. This amount has
been defined in experiments [39].

MTT test
Mice of all the 4 groups and one untreated mouse were
sacrificed by decapitation on day 16 after tumor Krebs-2
challenge. Blood (200-500 μl) was drawn into tubes con-
taining 800 μl PBS with 50 mM EDTA. Blood cells were
precipitated by centrifugation (5810R, Eppendorf) at
1,500 rpm for 5 min at room temperature; erythrocytes
from cell residue were lysed with 0.15 M ammonium
chloride.
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In in vitro cytotoxicity study, Krebs-2 cells were plated
in 96-well plates (3 × 104 cells/well), and mouse leuco-
cytes were added at a 1:1 ratio. Cells were incubated in
RPMI-1640 medium supplemented with gentamycin sul-
fate (100 mkg/ml) and maintained at 37°C for 18 h in
5% CO2 atmosphere. After incubation, MTT (Sigma)
was added to a final concentration of 0.5 mg/ml and
cells were cultured for additional 3 h. Cells were centri-
fuged (5810R, Eppendorf) at 4,000 rpm for 10 min.
Medium was collected, precipitated blue formasan crys-
tals were dissolved in 100 μl DMSO. Optical density
was determined on a Multiscan RC at 570 nm, back-
ground was subtracted at 620 nm. Measurements were
done for three samples. The MTT-test was repeated
twice for different experiments.
The standard formula was applied to calculate the

percentage of dead cells:

% / ,( ) = ( )⎡⎣ ⎤⎦ ×+1 D D D 1e t e t− − 00

De+t, the optical density value in wells with cells from
mice of the treated groups incubated with tumor cells;
De, the optical density value in wells with effectors

(leucocytes);
Dt, the optical density value in wells with targets

(tumor cells).

The cytotoxic index (CI) was expressed as the differ-
ence between the percentage of dead cells in the treated
groups and the untreated mouse.

Results
Our previous study has demonstrated that a preparation
of human fragmented dsDNA stimulated maturation of
mouse DCs in culture [47]. The salient finding was that
the dsDNA preparation was just as effective at induction
of DC maturation as the standard inducer TNF-a. The
obtained mature DCs loaded with antigen during
maturation were used in the comparative test. A marked
antitumor effect was observed after vaccination with
DCs irrespective of the type of maturation inducer [47].
Previous experimental sets with Krebs-2 tumor demon-

strated that immunization of mice with tumor homoge-
nate after combined treatment with CP and dsDNA
preparation is effective at inhibition of growth of tumor
challenged after the treatment (Figure 1) [39]. Proceeding
on reported observations [14,39,47], we assumed that this
inhibition may be due to the inducer effect of dsDNA on
DC maturation in vivo that causes effective presentation
of antigens of tumor lysate and activates antitumor
mechanisms of the adaptive immunity.
The results provided evidence indicating that the

described antitumor activity was not related to natural

Figure 1 Time course of Krebs-2 tumor growth in mice (mean ± SEM). Time course of Krebs-2 tumor growth in mice (mean ± SEM). Mice
received 200 mg/kg CP and human DNA at a total dose 4.5-6 mg. After this treatment, one group of mice was pre-immunized with Krebs-2
tumor antigens by a s.c. injection of 20 × 106 repeatedly thawed-frozen tumor cells. The control group was injected with saline. Every group
consisted of 10 mice. 106 Krebs-2 tumor cells were challenged i.m. after the treatment. Immunization enhanced the suppressive effect on tumor
growth [31].
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killer cells [39]. This appeared plausible, because, to our
knowledge, NK-cells neither displayed nor enhanced
antigen-specific cytotoxicity associated with tumor
homogenate immunization [48,49].

Effect of dsDNA preparation on maturation of spleen and
bone marrow DCs in vivo
To obtain assurance that dsDNA has an inducer effect
on DCs in vivo, a set of experiments was undertaken.

Mice were treated with CP 200 mg/kg followed by 200
mkg human dsDNA preparation administration 1, 3, 4,
and 5 days after CP injection. The number of mature
CD34-CD80+CD86+ DCs among spleen and bone mar-
row cells was estimated 3, 6, and 9 days after CP had
been injected (Figure 2).
The peak of spleen DC maturation was 3 days after

combined DNA+CP treatment. This peak was followed
by a decrease in the number of mature DCs presumably

Figure 2 Time course of maturation of mouse DCs from spleen (A) and bone marrow (B) after treatment with CP and dsDNA
preparation (mean ± SEM). Time course of maturation of mouse DCs from spleen (A) and bone marrow (B) after treatment with CP and
dsDNA preparation (mean ± SEM). 0 represents the number of mature DCs in untreated mice. Mice were injected with CP 200 mg/kg and 200
mkg of human dsDNA preparation 1 day (on the day of CP injection), 3, 4, and 5 days after CP treatment. Three, 6, and 9 days later, the fraction
of MNCs was isolated from spleen and bone marrow. Every group consisted of 4-6 mice. The experiment was repeated twice.
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due to migration of cells to lymph nodes and other sites
of their specific localization. Mouse groups treated with
an agent alone, CP or dsDNA preparation, showed no
marked increase in the number of mature DCs.
The peak of bone marrow DC maturation in the DNA

and DNA+CP groups was also on day 3. In the case of
DNA+CP treatment, the interval during which DCs
retained mature phenotype and were able to effectively
present antigen was longer, several days. DNA alone
caused a transient rise in level of mature DCs. In the
CP group, the number of mature DCs in bone marrow
reached the maximum by day 6 only, thereafter it
decreased to the initial level.
Thus, the conducted experiments showed that com-

bined treatment with CP and dsDNA preparation pro-
duces an increase in the total amount of mature DCs.
This was associated with an increase in the time during
which mature DCs persisted at high levels.

Effect of inhibition of tumor growth induced by Dox+CP
+DNA treatment
Our previous studies have demonstrated that the CP
+DNA combination was statistically superior to each
treatment modality alone [39,50]. From comparisons of
schedules, the standard with additional immunization
with tumor homogenate, it followed that the presence of
specific antigens further enhanced the suppression effect
on tumor growth. There were reasons for suggesting
that the integration of cytostatics with dsDNA prepara-
tion may be a treatment modality for enhancing regres-
sion of established tumors.
According to the data in the literature a combination

of cytostatics is superior to each modality alone [51,52].
Two-three potent drugs are usually combined in the
clinic. In the current study, we did not strive to control
the effectiveness of a drug as monotherapeutic agent.
We were rather interested in the antitumor action of
DNA preparation when used in combination with cyto-
statics Dox and CP.
Proceeding on the combined cytotoxic action of Dox

and CP, also on the course of changes in DC maturation
in vivo, a set of experiments was designed. The idea was
to superimpose the effects of released tumor antigens
and of their capture by DCs. Mice bearing established
tumors were treated on day 4 with Dox and CP, there-
after they were injected with human dsDNA prepara-
tion. As known [41,53], Dox provides the exposure of
the cell surface endoplasmic protein calreticulin that
acts as an “eat me” signal and mediates the phagocytosis
of tumor cells by DCs. CP abrogates tumor cells,
thereby increasing the amount of free tumor antigens
that, thanks to the “eat me” signal, are uptaken
promptly, and presented by DCs. The induction of DC
maturation is the necessary condition for antigen

presentation on the surface of DCs. In the following
experiments, we chose dsDNA preparation as a matura-
tion stimulus.
Using this schedule, a strong suppression of tumor

growth was observed in two murine models. The size of
RLS, a weakly immunogenic, resistant to alkalyting cyto-
statics tumor, on day 14 was 3.4-fold smaller (p < 0.001)
in the Dox+CP+DNA group compared with the control
(Figure 3). The difference in RLS size on day 14 between
the groups Dox+CP and Dox+CP+DNA was 1.5-fold
(p < 0.1).
Krebs-2 tumor growth was effectively suppressed as

compared to the control in both Dox+CP and Dox+CP+
DNA groups (p < 0.001) (Figure 4). A tumor burden was
of measurable size 16 days after treatment in 9 of the 10
mice in the Dox+CP group, but only in 2 of the 10 mice
tumor was palpable on day 16 in Dox+CP+DNA group.
There was a 14-fold significant difference (p < 0.005) in
tumor size on day 14 between the Dox+CP and Dox+CP
+DNA groups. Injection of dsDNA preparation alone
slightly suppressed Krebs-2 tumor growth, the difference
from the control being significant, however (p < 0.05).
The schedule for DNA preparation administration dif-

fered slightly from the one we applied to estimate the
efficacy of DC maturation in vivo. DNA was injected at
the time when the number of mature DCs was
maximum.
We used CP at high doses since evaluation of thera-

peutic combined action of CP and dsDNA did not
demonstrate enhancement of antitumor effect with low-
dose CP (data not shown).

Estimation of cytotoxic activity of blood cells in mice with
Krebs-2 tumor after combined treatment with Dox+CP+
dsDNA preparation
The experimental results provided evidence for activa-
tion of the antitumor immune response in vivo. Sup-
porting data of the MTT test were required. For this
purpose, treated mice bearers of Krebs-2 tumor were
sacrificed 16 days after treatment. All the mouse groups
could be monitored at the same time, on day 16 for the
presence of cytotoxic cells. This became feasible because
tumors reached the size that led to lethal development
in the control group. Tumor size in the treated groups
attained a statistically significant difference from the
control by this time.
Peripheral blood was monitored for the appearance of

cells showing antitumor cytotoxic activity. Krebs-2 cells
derived from ascitic version of tumor served as targets
(Table 1).
The cytotoxic index (CI) was expressed as the percen-

tage of dead cells relative to their number in an
untreated mouse. It was 86.5% in the Dox+CP+DNA
group, consistent with the time course of tumor growth
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(Figure 4). It was 0% in the Dox+CP group, although
there was a considerable suppression of tumor growth.
This may be attributed to the direct cytostatic effect on
tumor growth of the kind that does not enhance

cytotoxic activity of circulating leucocytes. Such was the
case, because there was no DNA stimulus for DC
maturation and ultimate development of antigen-specific
immune responses. dsDNA preparation itself raised cell

Figure 4 Time course of Krebs-2 tumor growth in mice treated with Dox, CP, and dsDNA preparation (mean ± SE). Time course of
Krebs-2 tumor growth in mice treated with Dox, CP, and dsDNA preparation (mean ± SE). Mice were given 3 × 105Krebs-2 tumor cells injected
i.m. Four days later, they were administered i.v. 6 mg/kg Dox and i.p. 200 mg/kg CP; 200 mkg human DNA was administered i.p. 30 min after
CP, also 2, 3, and 5 days after it. The control group was injected with PBS. Every group consisted of 10 mice. The experiment was done in
triplicate.

Figure 3 Time course of RLS tumor growth in mice that received combined treatment with Dox, CP, and dsDNA preparation (mean ±
SE). Time course of RLS tumor growth in mice that received combined treatment with Dox, CP, and dsDNA preparation (mean ± SE). Mice were
given i.m. injections of 105 RLS-40 tumor cells. Four days later, they were injected i.v. with 6.7 mg/kg Dox and i.p. with 100 mg/kg CP; 200 mkg
human DNA was injected i.p. after 30 min, then 2 and 3 days after CP administration. The control group was injected with PBS. Every group
consisted of 10 mice.
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cytotoxic activity to 44.2%, but tumor growth was sup-
pressed just slightly.

Discussion
Tumors have unique properties allowing them to elude
immune defense. To begin with, they are genetically flex-
ible owing to the incessantly activated repair-recombina-
tion system of tumor cells [32]. Second, tumor tissue
takes advantage of the properties of regulatory T lympho-
cytes. Third, a tumor is, as a rule, weakly immunogenic
and this makes the more difficult for the immune system
to reveal malignized cells and to eradicate them. Modula-
tion or elimination of these three properties of tumors
would create conditions favorable for the immune system
to eliminate neotransformed cells [1,13,54,55].
The current increasing trend is to affect tumor tissue

by using in a defined sequence two modalities, a che-
motherapeutic (a cytostatic, most commonly CP) fol-
lowed by an immunotherapeutic [21,56-58]. This
strategy is fully consistent with the idea how tumor tis-
sue may be affected. To recapitulate, CP directly attacks
tumor cells, it also causes a decrease in the numbers of
regulatory T cells and reduces their functionality
[21,32,34,35,58,59], thereby improves the efficacy of
immune-based therapies directed at stimulation/
enhancement of antitumor immune responses.
Recent studies on the chemotherapeutic effects of

antracyclines have established that Dox, for example,
transposes calreticulin to the cell surface. This protein
may play the role of surveillance “eat me” signal and
mediate the phagocytosis of tumor cells by DCs. As a
result, tumor immunogenicity is enhanced [41,53].
Cytostatics (CP and Dox) in combination with immu-

notherapeutics (DNA activators) allow to develop
improved antitumor strategy. CP directly injures tumor
cells, concomitantly switches regulatory T cells off. Dox
also abrogates tumor and renders tumor cell debris
immunogenic. The DNA activated immune system kills
the remaining neotransformed cells at the time when
the regulatory T-lymphocytes are inactive and tumor is
defenseless.

In the current experiments, we relied on the ability of
dsDNA to induce complete DC maturation ex vivo rea-
sonably expecting that this would augment their stimu-
latory activity in an allogenic mixed lymphocyte culture
[14,22,47]. It was a reasonable assumption that dsDNA
would manifest its stimulatory action on DCs at the
level of the whole organism. The suggestion that antitu-
mor dsDNA activity [39,50,60] is due to precisely endo-
genous DC activation and development of the adaptive
immune response lent credibility to our line of
reasoning.
We determined the extent to which spleen and bone

marrow derived DCs were mature and followed the time
course of changes in their quantitative accumulation
after different treatments. Given the results, a schedule
for combined Dox plus CP, which form apoptotic/
necrotic debris, plus dsDNA preparation was developed.
Strongest suppression of tumor growth was achieved
with this schedule and an optimal sequence of adminis-
tration of each modality. Its effectiveness was confirmed
by the MTT test estimates. The suppression effect on
tumor growth was, indeed, due to both damaging action
of cytostatics and formation of a pool of cytotoxic cells.
Importantly, challenged tumors virtually stopped grow-
ing when chemotherapeutic agents were combined with
dsDNA preparation.

Conclusions
Thus, the set of experiments we performed showed that
exogenous dsDNA, when administered on the back-
ground of pretreatment with Dox plus CP, has an anti-
tumor effect possibly due to DC activation. The effect
may be also explained by DC-mediated activation of
cytotoxic T-lymphocytes [37,38]. Crucial here are the
mature phenotype of DCs, i.e. their antigen-presenting
ability, and the real presence of tumor antigens achieved
by combined treatment with Dox and CP.
The described approach to therapy of cancers appears

promising. Injections of dsDNA preparation may be well
integrated into classical schedules of chemotherapy.

Additional material

Additional file 1: Dot plot figure. Dot plot figure of the event gating
for CP+DNA group.
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Table 1 Cytotoxic activity of leucocytes in MTT test

Absorption Dead cells, % CI

Tumor cells (targets) 1.363

Leucocytes (effectors) 0.34

Untreated mouse 1.42 20.9

Control (tumor only) 1.706 -0.2 -21.1

Dox+CP 1.424 20.5 -0.4

DNA 0.815 65.1 44.2

Dox+CP+DNA 0.239 107.4 86.5
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