
Abstract. Background/Aim: We previously have described
the “3+1” tumors cure approach consisting of individual
time schedule of cyclophosphamide and dsDNA preparation
administrations. The aim of the study was to adapt the
“3+1” approach based on eradication of cancer stem cells
to the model of murine ascitic cyclophosphamide-resistant
lymphosarcoma (RLS). Materials and Methods: Adaptation
of the “3+1” approach includes the identification of the
timing to disrupt the tumorigenic potential of a certain
tumor. Results: The proposed therapeutic scheme allowed
complete reduction of primary RLS ascites in experimental
animals. However, reduction of primary ascites due to the
complementary action of cyclophosphamide and dsDNA was
inevitably followed by the development of a secondary one,
most likely arising from a solid carcinomatous formation in
the peritoneal wall. Conclusion: The “3+1” approach
resulted in the elimination of cancer stem cells, and, as a
consequence, in the complete reduction of RLS ascites.

Malignant neoplasms rank second in the world after
cardiovascular disorders in overall mortality rates. Recent
studies indicate a much higher complexity of the disease than
previously thought. The main characteristic of this
complexity determining the unpredictable response of
neoplasms to a variety of therapeutic procedures and the
difficulties in their cure is the heterogeneity of malignant
cells that include a subpopulation of almost “indestructible”
cells, which possess an incredible survival and proliferative
potency, and is designated as tumor-initiating stem cells or
cancer stem cells (CSCs) (1, 2).

The main hallmarks of cancer stem cells are their
capabilities of (1) self-renewal in through unlimited
replicative cycles, (2) producing a progeny of committed
cells with high proliferative activity, but incapable of
inducing a new tumor, and (3) retaining a potency to induce
new tumors with similar histological properties in a series of
transplantations (3). CSCs possess a number of features
allowing their dominance in co-existence with organism:
self-sufficiency in proliferative stimuli (4), reduced
sensitivity to anti-proliferative ones (5), immortalization (6,
7), dedifferentiation (8), genomic instability (9), increased
efflux and metabolism of xenobiotics (10, 11), reversed
“Warburg effect” (12, 13), suppression of pro-apoptotic
signals (14), as well as stimulation of pathways causing
apoptosis evasion (15). Another essential for disease
development property of CSCs is their migratory capacity,
allowing exit into the bloodstream, and formation of new
growth foci in distant organs (16-20). Thus, the
aforementioned properties of CSCs are such that they create
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fundamental obstacles in developing therapeutic approaches,
which could override their resilience (15), determined by
their resistance to chemo- and radiotherapy (9, 21).

Both detection and elimination of CSCs from a tumor are
key outcomes for curing malignant neoplasms. In this regard,
the priority of identifying CSCs among the bulk of tumor
cells is inevitably followed by the question of how to kill
these cells in their native environment. To develop
approaches aimed at precise destruction of CSCs, their
presence in a variety of tumors, as well as their properties,
are being investigated to identify specific therapeutic targets
(22-24). These targets, however, are neither universal for all
types of cancer nor even stably specific for the same one
(25). Thus, the development of new and adequate therapeutic
approaches and agents precisely aimed at elimination of
CSCs remains an urgent task; their implementation will be a
great leap in curing malignant neoplasms.

Over the past 20 years, we have found and described a
new and previously unknown phenomenon of general
biological significance – the capability of poorly
differentiated cells, including cancer stem cells, to internalize
fragments of extracellular double stranded DNA (dsDNA)
without any artificial manipulation. DsDNA probe labeled
with fluorescent dye provides a universal and, at the same
time, unique marker of stem cells of various origin, including
CSCs (26-34). We have also established that dsDNA
fragments internalized into CSCs during the process of
repairing inter-chain crosslinks induced by exposure to
cyclophosphamide interfere in this process, completely
disrupting the grafting potential of these cells. The loss of
grafting potential was found to be due to the elimination of
CSCs from the bulk of transplanted tumor cells. In addition,
we have determined the timing of cyclophosphamide
treatments required for synchronizing these cells in a certain
phase of the cell cycle when they are extremely sensitive to
dsDNA (29-34). Based on these findings, the new approach
named “3+1” or “Karanakhan” (sanskrit – “killing the
source”). This approach allows direct eradication of CSCs,
which are the source of tumor onset and development, and
implies the following procedures: 1. Detection of poorly
differentiated CSCs in a tumor by their ability of
internalizing TAMRA-labeled dsDNA probe; 2.
Identification of the time profile for inter-chain crosslinks
repair cycle after exposure to a crosslinking cytostatic agent;
3. Synchronization of proliferating cells, including CSCs, in
the late S/G2/M phase of the cell cycle by triple exposure to
a cytostatic in accordance to determined DNA repair cycle
length, followed by determination of the time when these
cells synchronously exit this phase and accumulate in G1,
becoming vulnerable to the terminal treatment (30); 4.
Administration of the composite dsDNA-based preparation
at the point demarcating the phases of nucleotide excision
repair and homologous recombination. One of the

components interferes with the nucleotide excision repair,
while the other with the homologous recombination, causing
CSCs either to completely lose their ability of surviving the
“therapeutic strike”, or, at least, to forfeit their tumor-
initiating properties. Moreover, this therapeutic strategy will
result in rapid large-scale lysis of the bulk of committed
tumor cells, especially those actively proliferating.

Currently, this approach has been successfully tested,
providing a good therapeutic effect in experimental murine
carcinoma Krebs-2 in both ascitic and solid forms (30, 31),
human glioblastoma U87 (33), and murine hepatocarcinoma
G29 (32).

In this study, the murine ascitic cyclophosphamide (CP)
resistant lymphosarcoma RLS was used as a model. This
neoplasm was obtained from the murine lymphosarcoma
LS susceptible to cyclophosphamide as a result of multiple
low-dose (20 mg/kg) administrations of CP followed by
transplantation (35). Cells of the ascitic lymphosarcoma
RLS are featured with the lowered expression of p53 tumor
suppressor gene and initially elevated expression of anti-
apoptotic Bcl-2 gene (35), which is subsequently lost after
multiple in vivo passages (36). Additionally, RLS is
characterized by overexpression of genes belonging to ABC
superfamily of transmembrane transporters (Mdr1a/b) (35),
allowing effective efflux of CP metabolites and preventing
their intracellular accumulation in quantities essential for
apoptosis initiation (37). In vitro, 10% of RLS cells have
been reported to display multiple drug resistance (35).
These cells could be presumed to be either the
subpopulation of cancer stem cells themselves, or, at least,
a subpopulation of them.

Preliminary data indicated the presence of approximately
1% of TAMRA-positive cells in intact RLS ascites. It is
possible that these cells (as well as their closest progeny,
already incapable of internalizing TAMRA-labeled DNA
probe) constitute the subpopulation of the least committed
cells with multiple drug resistance phenotype. Identification
of TAMRA+ cells in the total population of RLS
lymphosarcoma cells implied the possibility of using this cell
line as a model for further validating the novel “3+1”
approach aimed at direct elimination of CSCs.

The current report is a part of the large-scale research aimed
at adapting the recently developed cancer treatment approach
to a variety of experimental cancer models (Krebs-2, murine
hepatocarcinoma G-29, human glioblastoma U-87 etc.).

Materials and Methods
Breeding experimental animals. Inbred CBA/Lac mice aged 2-3
months were provided by the vivarium of the Institute of Cytology
and Genetics SBRAS. Animals were kept in plastic cages (10
animals per each) with free and unlimited access to food and water.
Animals were fed with granulated food PK120-1 (Laboratorsnab,
Moscow, Russia).
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Tumor model. The cyclophosphamide resistant murine lymphosarcoma
RLS (38, 39) obtained from the repository of Institute of Cytology and
Genetics SBRAS was used as a model. For grafting, cells were
sampled from mice with 10-day ascites, diluted with physiological
saline solution and inoculated into animals at the amount of 106 per
mouse to produce the ascitic form of the tumor.

Administration of preparations of cyclophosphamide/mitomycin C
and exogenous DNA. CP was administered into mice
intraperitoneally at the dose of 100 mg/kg of body weight. The
DNAmix® preparation (31) was administered intraperitoneally at
doses of 0.5-1 mg per injection. For in vitro treatments, 1-10 μg/ml
mitomycin C instead of CP was.

In vivo therapy with in vitro pretreatment. Prior to transplanting into
mice, RLS lymphosarcoma cells were subjected to a single in vitro
exposure to mitomycin C (10 μg/ml) and DNA (50 μg) to presumably
prevent carcinomatosis. Then, 7 groups of mice (5 animals each) were
engrafted with 106 of these pretreated cells per mouse. CP (100
mg/kg) was administered three times with an interval of 36 h. The
terminal CP treatment (100 mg/kg) was conducted on day 5, 9 or 12.
Eighteen h after each CP administration, mice were administered with
0.3 mg of DNA preparation per mouse.

Labeling DNA with TAMRA (tetramethylrhodamine) fluorescent dye.
TAMRA-labeled Alu fragment was produced by PCR conducted in
50 μl containing 1×Taq-buffer (Medigen), 2 mM MgCl2, 0.2 mM
dCTP, 0.2 mM dGTP, 0.2 mM dATP, 0.16 mM dTTP, 50 pmol pr
M13 for, 50 pmol pr M13 rev, 0.4 μg Alu I in PBS, 5 u Taq-
polymerase, 0.05 mM dUTP-TAMRA. The following cycling
program was used: 1 cycle: 95˚С – 5 min; 33 cycles: 95˚С – 40 s;
56˚С – 40 s; 72˚С – 40 s; 1 cycle: 72˚С – 5 min; The obtained
TAMRA-Alu DNA was stored at 4˚C.

Analysis of TAMRA-labeled DNA internalization into RLS
ascites cells. RLS ascites cells were sampled from a mouse,
sedimented at 400×g for 5 min at 4˚C, washed once with RPMI-
1640 medium, and counted in a Goryaev chamber. About 106 cells
were incubated in 200 μl of serum-free RPMI-1640 with 200 ng of
TAMRA-labeled DNA for 1 h at room temperature in the dark.
After incubation, cells were sedimented, washed with a small
volume of medium, and resuspended in the final volume of the
medium. Further, the number of cells with internalized TAMRA-
DNA was estimated on FACSAria III (BD Biosciences, San Jose,
CA, USA) and/or Axioskop 2 Plus (Zeiss, Jena, Germany) with
AxioVision software. For microscopic analysis, 50-100×103 cells
were applied on a glass slide using cytospin (1,000 rpm for 1 min),
and following addition of ~10 μl of DABCO Antifade they covered
with a coverslip and analyzed. The percentage of TAMRA+ cells
was estimated relatively to a control sample incubated in medium
without TAMRA-DNA.

Detection of the length of CP-induced interchain crosslinks (ICLs)
repair cycle in RLS ascitic lymphosarcoma cells by the “comet
tails” method. After appropriate treatments, RLS ascites cells were
sampled from animals, washed with RPMI-1640 and sedimented at
400×g for 5 min. After sedimentation, cells were resuspended in
RPMI-1640 and counted in a Goryaev chamber. Approximately
7×103 cells were sampled and diluted with medium to the final
volume of 35 μl. Then, an equal volume of 2% low-melting agarose
was added and 35 μl of the obtained suspension were added to

special wells (1 mm×3 mm×9 mm size) and left for 10 min at 4˚С.
The obtained agarose blocks were placed in 500 μl EDTA (0,5 М;
pH=8.0) and stored at 4˚С. Prior to electrophoresis, the blocks were
lysed in 1% sodium sarcosyl for 1h at 37˚C. Electrophoresis was
carried out at 36 V/cm2 for 20 min. Electrophoresized blocks were
then placed on a glass slide (3 blocks per slide) and dried overnight
at 37˚C. The dried blocks were further washed with distilled water
for 30 min and analyzed on a fluorescence microscope Axioskop 2
Plus (Zeiss) with AxioVision software. The length of “comet tails”,
or tail moment (TM), was estimated using CASP software.

Estimation of the RLS cells synchronization time after successive
therapeutic exposures to CP. Animals with well developed ascites
were administered three times with 100 mg/kg of CP. Ascites cells
from five mice were sampled on day 1 (as a control point), and then
every 24 h during 5-12 days of the experiment. A fraction of the
sampled cells was fixed with 50% methanol. Fixed cells were
incubated with RNase and propidium iodide for 30 min at 37˚C, and
analyzed on FACSAria to estimate the cell cycle profile. The
remaining live cells were incubated with TAMRA-labeled DNA probe
for microscopic estimation of the number of DNA-internalizing cells.

Statistical analysis. Statistical analysis of the data was performed
using Microsoft Excel and Statistica 10 package. The tail moment
values were tested for Gaussian distribution by the Shapiro–Wilk
test (testing the identity of the observed distribution and the
theoretically expected Gaussian one) and for differences confidence
by the Student’s t-test using Statistica 10 software package. Survival
time in groups of animals was compared (relatively to the control)
using non-parametric statistics with the Mann–Whitney U-test from
Statistica 10 package.

Results
Internalization of TAMRA-labeled DNA probe by RLS murine
ascitic lymphosarcoma cells. Since the main target of the
proposed therapeutic approach were CSCs, their detection in
the bulk of RLS ascitic cells was the first and main
objective. Fluorescence microscopic (Figure 1A) and FACS
(Figure 1B) assays proved the presence of TAMRA-positive
cells in RLS ascites. TAMRA+ CSCs were shown to
constitute approximately 1% of the total RLS ascitic cells.

The length of ICL repair cycle in RLS ascitic lymphosarcoma
cells, detected by the “comet tails” method after a single CP
administration. A 6-day ascites (the stage when a biopsy sample
can be easily taken) was used. Ascites-bearing mouse was
administered once with 100 mg/kg CP. Ascitic cells were
sampled every 6 h after CP administration till the final sampling
at 48 h. DNA double-strand breaks in ascites cells were detected
by the “comet tails” method. The start of the ICLs repair is
associated with appearance and accumulation of double-strand
breaks, which indicate the nucleotide excision repair phase.
During the second, homologous recombination phase of the
repair process, double-strand breaks are being repaired and
gradually disappear. Complete disappearance of double-strand
breaks indicates the end of the repair process. The total length
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of the repair process in RLS ascitic lymphosarcoma cells was
determined to be between 36 and 42 h (Figure 2A and B).
Based on these data, the schedule for CP administration to mice
was performed according to the schedule shown in Figure 2C.

RLS cells synchronization after successive therapeutic exposures
to CP. The main goal of this experiment was to detect the time,
when CSCs (TAMRA+ cells) in the given type of cancer exit
their arrest in S/G2/M phase caused by triple exposure to CP and
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Figure 2. Analysis of CP-induced ICLs repair process in tumor cells by the “comet tails” method. A. Time profile of the appearance and
disappearance of double-strand breaks in RLS ascitic lymphosarcoma cells after single exposure to 100 μg/kg CP. The standard deviation is
indicated. Results of the Student’s T-test: **p<0.01; ***p<0.005. B. Images demonstrating the difference in the length of “comet tails” after
electrophoresis of the nuclear material of cells in 1% agarose stained with ethidium bromide at the points of the repair process with statistically
confident differences. C. The proposed schedule of CP administration based on time of ICLs repair in RLS cells.

Figure 1. Internalization of TAMRA-labeled DNA probe by RLS murine ascitic lymphosarcoma cells. A. Quantification of TAMRA-positive cells in
RLS ascites using fluorescence microscopy. Arrows indicate TAMRA-positive cells. B. FACS analysis of RLS ascites cells. 1 – untreated ascitic cells
(control), 2 – ascitic cells incubated with TAMRA-labeled human AluI PCR product (0.2 μg per 5×105 cells).



synchronously enter G1, becoming vulnerable to terminal
treatment. This process is presumed to be denoted by CSCs
accumulation in a certain phase of the cell cycle, which most
likely would correlate with that of the bulk of tumor cells. 

On days 5-6, RLS ascitic cells were found to accumulate
in the late S/G2 phase (Figure 3A). On day 7, the cell cycle
profile becomes normal with the majority of cells in G1. The
percentage of TAMRA+ cells in biopsy samples (on the
corresponding days) is shown in Figure 3B. On day 6, the
percentage of TAMRA+ cells raised drastically (up to 3.5%)

and remained stable until the next day. Further, on days 8
and 9, the percentage of TAMRA+ cells increased to 6% and
8%, respectively. At the same time, the ascites volume was
notably reduced, making biopsy sampling impossible. To get
statistically confident data, the experiment was repeated
several times. Nevertheless, due to the high toxicity of
therapeutic treatments as well as the increased
aggressiveness of this type of cancer, which both caused the
death of animals, it turned out to be impossible to obtain
sufficient data at the “day 9” point for the correct statistical
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Figure 3. Synchronization of proliferating RLS lymphosarcoma cells. A. Cell cycle profiles of RLS ascitic cells after therapeutic CP administrations
with an interval of 36 h. B. Percentage of TAMRA+ cells on days 1 and 5-9 since the exposure to CP. Standard error is shown (±SE, n=3).



analysis. However, the available data analysis presumes that
the general profile of cell distribution over the cell cycle
since day 7 is almost identical.

The data obtained indicated day 5 to be the most suitable
for the terminal treatment. Changes in the percentage of
TAMRA+ cells on days 6-9 can be explained as follows.
Elevation of the TAMRA+ cells percentage up to 3.5% on
days 6-7 is probably associated with the beginning of large-
scale apoptotic death of committed tumor cells due to their
synchronous exit from cell cycle arrest with a critical number
of unrepaired or incorrectly repaired DNA lesions: it is
immediately before this that the massive accumulation of
ascites cells in the late S/G2 phases is observed. The stable
percentage of TAMRA+ cells during these two days (days 6-
7) could be due to the quiescent state of this type of cells.

The further increase to 6% and 8% on days 8 and 9 can
be associated both with the ongoing apoptotic death of
committed cells and with the rapid symmetrical division of
survived CSCs.

Assessing the efficacy of murine RLS lymphosarcoma
treatment based on the proposed “3+1” approach. Prior to
“3+1” therapy, the synergistic effect of mitomycin C (MMC),
which possess a crosslinking activity similar to that of CP, and

dsDNA preparation on the RLS ascitic cells ex vivo (without
the terminal treatment) was estimated. In contrast to CP, MMC
directly affects cells by inducing ICLs. At the same time, the
crosslinking effect of both cytostatics, i.e. appearance of ICLs,
develops in approximately 2-4 h after exposure.

After the triple exposure of RLS cells to MMC and
MMC+dsDNA, the total number of cells and the percentage of
TAMRA+ cells were counted (Table I, Figure 4A and B).
Triple exposure of RLS cells to MMC resulted in the death of
committed ascitic cells, as is deduced from the decrease of the
total number of cells per well (relatively to the control) and the
simultaneous increase in the percentage of poorly differentiated
TAMRA+ ones. Following MMC (as a single drug) treatment,
the total number of cells per well decreased by more than two
times, while the percentage of TAMRA+ cells increased by 3.7
times (Table I). MMC in combination with the dsDNA
preparation induced a fourfold decrease in the total number of
cells, which was due to the large-scale death of both poorly
differentiated resistant CSCs and their committed progeny
(decrease in the total number of cells was not associated with
increase in the percentage of TAMRA+ ones). These data
confirmed the overall effectiveness of the proposed approach
aimed at the elimination of RLS lymphosarcoma CSCs
resistant to the action of crosslinking cytostatics.
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Table I. Changes in the percentage of TAMRA+ cells after three times exposure of primary RLS tumor cell culture to mitomycin C.

Before treatment                                                                                   Cultured cells after 3 treatments

Cell number in a                  Group                        Total number of                    Number of                       % of TAMRA+                 Cell number in a 
well (×106)                                                                 counted cells                     TAMRA+ cell                              cells                               well (×106)

10                                          Control                               11458                                   200                                        1.7                                      32.2
10                                           MMC                                 1812                                    214                                        6.3                                      14.5
10                                      MMC+DNA                            1496                                     29                                         1.9                                       8.5

Figure 4. Cytological analysis of the synergistic effect of a cytostatic and DNA preparation on RLS tumor cells. А. Percentage of TAMRA+ cells.
B. The total number of RLS tumor cells after three times exposure to mitomycin C. *p<0.001.



On the basis of the data on both the repair cycle length
and the time of CSCs accumulation in the appropriate cell
cycle phase, experiments on RLS transplantation and
therapeutic treatment were carried out. To prevent
carcinomatosis, mice were transplanted with RLS
lymphosarcoma cells pretreated in vitro with mitomycin C
in combination with a DNA preparation. It was presumed
that such pretreatment would induce the DNA repair
process, followed by cell cycle arrest, and the affected CSCs
would lose their ability of invading the peritoneal tissues
upon the punctures of the abdominal wall during cell
transplantation. Totally, 7 groups of mice (5 animals each)
were transplanted with 106 cells per mouse.

Therapeutic administrations of CP and dsDNA preparation
were carried out in different variations of the “3+1” scheme
(Figure 5A).

The results of these experiments are shown in Figure 5B-
D. The applied treatments reduced the time of tumors
appearance (Figure 5B). Average survival time of almost all
mice treated in accordance with the given scheme, differed
from that of the control group (Figure 5C). The indicative
parameters (ascites reduction and average survival time) in
the experimental groups, for which the terminal CP and
dsDNA administration within the “3+1” scheme was
performed on day 5, turned out to be better than those of
other groups (Figure 5D). It should be noted that none of the
therapies prevented the development of a solid tumor node
in the site of the abdominal wall puncture; secondary solid
tumor nodes were observed in all groups (Figure 5D).

The results of the dissection and the pathomorphological
assay of the treated mice and their internal organs are shown
in Figure 6. Almost all internal organs of the mice of the

Kisaretova et al: Approbation of the “Karanakhan” Approach on RLS

801

Figure 5. Synergistic effect of CP and dsDNA preparation on the ascitic form of RLS lymphosarcoma within the proposed “3+1” approach in the
in vivo experiment following in vitro pretreatment. A. The schedule of administering CP and DNA preparations within the “3+1” approach scheme
(days 5, 9, 12). B. Average time of tumor growth up to visually detectable size. C. Average survival time in a group. D. The pattern of secondary
tumors development in mice treated with CP and DNA preparations (both in control and experimental groups, data for each animal are given).
*p<0.05; **p<0.01 relatively to the control.
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Figure 7. Cellular composition of bone marrow. А. Mouse from the CP 5 group. В. Mouse from the CP 9 group. С. Intact mouse. 

Figure 6. Pathomorphological parameters of animals with transplanted RLS tumor after “3+1” therapy with CP and dsDNA preparation. А. Overall visual
condition of experimental animals prior and after dissection. B. Pathomorphological assay of internal organs of the mouse from the CP+DNA d5 group;
hematoxylin-eosin stain. 1 – Skin; the extensive necrosis site. 2 – Lungs; moderately expressed inflammation, in the projection of individual interalveolar
septa there are small groups (2-3 pieces) of tumor cells. 3 – Liver; moderately expressed focal vacuole dystrophy. 4 – Spleen; small clusters of tumor cells
within the organ parenchyma. 5 – Pancreas; sites with pronounced necrotic changes. C. Pathomorphological assay of internal organs of the mouse from
the CP d9 group; hematoxylin-eosin stain. 1 – Skin; a completely necrotized site of the tumor implant in the reticular dermis, at the border with subcutaneous
fat. 2, 3 – Small intestine; infiltration of lymphocytes and tumor cells. 4 – Liver; inflammatory infiltration, cells with morphology similar to that of tumor
implant cells can be detected around the central veins and other vessels. 5 – Spleen; reduction of lymphatic follicles and small clusters of tumor cells in
the red pulp. 6 – Tumor fragment in loose connective tissue. 7 – Myocardium; the overall structure corresponds to the norm, however, in certain areas, the
clarity of the borders and the striated pattern of some muscle fibers is slightly blurred. D. Pathomorphological assay of internal organs of the mouse from
the CP+DNA d9 group; hematoxylin-eosin stain. 1 – Skin; a large tumor node in the reticular dermis. 2 – Lungs; invasion of tumor cells into the organ
parenchyma. 3 – Pancreas; substitution of glandular tissue with tumor cells. 4 – Liver; small aggregations of tumor cells in the lumen of intralobular
capillaries and other vessels. 5 – Spleen; sites of different size in the red pulp with atypical implant cells infiltration, lymphatic follicles are reduced in size
up to the periarterial region. 6 – Large tumor node. 7 – Kidney and adrenal gland; small foci of necrotization.



CP+DNA 9 (Figure 6D) and CP 9 (Figure 6C) groups had
foci of structural and functional lesions. At the same time,
the mice of the CP+DNA 5 group had lesions in lungs, liver,
spleen and pancreas only (Figure 6B). Pronounced
manifestations of carcinomatosis and systemic inflammation
appeared in all experimental animals.

Additionally, in CP 5 and CP 9 groups, cellular
composition of the red bone marrow was assayed (Figure 7).
In both experimental groups, a reduction in the percentage
of erythroid and lymphoid cells accompanied by an elevation
in that of myeloid ones was detected. These changes are
mostly specific for systemic inflammation and testify for the
development of lympho- and erythropenias.

Discussion
In the current investigation, we applied the “3+1” scheme to
cure the ascitic form of murine RLS lymphosarcoma. The
most effective therapeutic scheme (triple administration of
CP in combination with dsDNA, which caused the arrest of
tumor cells in the late S/G2/M phases of the cell cycle and
apoptosis, with terminal “strike” on day 5) provided the
elimination of TAMRA+ CSCs in the RLS ascites.

RLS lymphosarcoma is known to be resistant to
cyclophosphamide. Single administration of 100 mg/kg CP
(the dosage generally used in the current report) caused
reduction of the ascites by 16.5% only (35). Nevertheless,
using the “3+1” scheme, we succeeded in curing ascites
completely in the “CP+DNA/d5” group, and reducing it
drastically in 40% of animals in the “CP/d5” group. It
should, however, be noted that upon transplantation, RLS
lymphosarcoma commonly produced solid grafts at the
abdominal wall puncture site that testifies for the high
metastatic ability of this tumor. Pathomorphological assay
results also confirmed this conclusion. In our previous
studies, we have tested the currently reported cancer
treatment approach on two other ascitic tumors: Krebs-2
carcinoma and G-29 hepatocarcinoma (30, 32). In the case
of Krebs-2 tumor, we have succeeded to completely cure
mice from the developed ascites. The second tumor, G-29,
turned out to be highly invasive. In this case, we did not
succeed to cure mice completely, but we achieved the
complete reduction of developed ascites. This result may
have also been the result of the high invasiveness of G-29.
In the case of highly invasive tumors, simple intraperitoneal
injections of therapeutic agents seem to be the cause of
secondary tumor foci at the abdominal wall and serous
membranes puncture sites. This fact requires additional
experiments on the development and testing procedures of
drugs administration, which would prevent the invasion of
tumor cells into the abdominal wall and serous membranes.
Among the possible solutions, coating the syringe needle
with a substance destroying the contacted cells may be
proposed.

Ex vivo exposure of RLS cells to mitomycin C in
combination with dsDNA results in proportional decrease in
the number of both TAMRA+ and TAMRA- cells indicating
the coincidental death of resistant CSCs and their committed
progeny. Approaches in targeted treatment of CSCs are
mainly limited to the detection of these cells using the
surface markers specific for a certain type of tumors. Being
detected, CSCs are supposed to be eliminated using specific
inhibitors or other interfering agents aimed to suppression of
certain signaling pathways, which determine the stem-like
status of these cells, such as pluripotency and indefinite
proliferative capability (40, 41). We propose the alternative
approach of targeted elimination of CSCs based on the
ability of this type of cells to internalize fragments of
exogenous dsDNA. Being internalized, these DNA fragments
disrupt the correct flow of repair of ICLs induced by
exposure to crosslinking agent that, in turn, result in
destruction of CSCs (42).

The currently reported death of CSCs and induction of
total apoptosis of committed RLS tumor cells testify to the
effectiveness of the proposed therapeutic strategy. Thus,
combining all scheme elements into a single therapeutic
procedure provides the possibility to eliminate a developed
RLS ascites.

The determination of the time for the terminal therapeutic
procedure is essential for killing the survived CSCs as has
previously been shown (30-32). The present study indicated
that our hypothesis was correct, and the terminal “therapeutic
strike” moment is crucial for maximizing the therapeutic
effect.

Being a highly aggressive lymphosarcoma, ascitic RLS
produce multiple carcinomatous solid foci. Using the
experimentally determined scheme of tumor cell
synchronization, we succeeded to completely eliminate
developed ascites in the test model. Nevertheless, solid
foci, occurring, as a rule, at the sites of the abdominal wall
puncture, almost always followed ascites disappearance
and, along with systemic inflammation, were the cause of
rapid animal death.

Introduction of the proposed approach in clinical routines,
will require a precise determination of the time when tumor
cells synchronously exit cell cycle arrest. As the first, step,
a daily routine cell cycle profiling procedure with propidium
iodide can be used to detect the accumulation of cells in the
late S/G2/M phases. Based on the results of this assay,
shorter sampling times and application of more sensitive
methods of cell cycle profiling, such as, for example,
immunohistochemical detection of cell cycle-associated
markers, should be conducted.
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