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Recent advances in our understanding of tumor im-
munology and the immune response in general are allow-
ing the development of new rational approaches to cancer
immunotherapy. One promising approach is immunization
with tumor-specific proteins or peptides [3, 21, 22]. Recent
studies suggest that development of an immune response
to a tumor specific antigen after immunization correlates
with improved clinical outcome. But such immunization can
be insufficiently effective and requires combined applica-
tion of some adjuvants or immunomodulators [3, 6] for ex-
ample, complete Freund’s adjuvant, QS21, R-848, BCG,
recombinant cytokines [6, 25, 26]. However, immunization
using an adjuvant that induces the orchestrated activation
of various immune subsets and the production of multiple
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cytokines known to participate in the development of the
active immune response is likely to be more effective and
perhaps less toxic than immunization using single cyto-
kines as an adjuvant.

 Microbial products, agents of natural and synthetic
origin, and proteins derived from the immune system
represent the immunomodulators that are presently used.
The mechanisms of immunoenhancers include augmen-
tation of antineoplastic activity by immune cells and the
induction or restoration of immune effector functions.

In 1893, Dr. William Coley, a New York surgeon,
developed a crude bacterial extract that became known
as “Coley’s toxins” [2, 28]. Coley administered his toxins
to 894 patients with biopsy-proven carcinomas and
sarcomas; he achieved a remarkable 45% five-year
survival in these otherwise inoperable or untreatable
patients. The various ingredients of Coley’s toxins were
not well characterized but it can be surmised that the
toxin must have contained several immunomodulatory
microbial compounds, including endotoxin, bacterial cell
wall components, and bacterial DNA [2, 28].

Accumulating data suggest that bacterial DNA plays
an important role in the activation of the immune system
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of mice [6, 10, 24, 26, 27]. In fact, bacterial DNA has
significant immunostimulatory effects on B cells, mono-
cytes, and NK cells and can induce production of many
cytokines in vivo and in vitro that have been shown to be
important in the development of antitumor immunity [6,
11, 20, 27, 29, 30]. In contrast, vertebrate DNA does not
induce lymphocyte activation. It has been found that
bacterial DNA contains a much higher frequency of un-
methylated CpG dinucleotides than does vertebrate DNA
due to CpG suppression and methylation of 80% of the
CpG in vertebrates [10, 12, 27, 30]. It is now well estab-
lished that humans and other vertebrates may detect
unmethylated CpG dinucleotides in particular base con-
texts (“CpG motifs”) as a sign of danger of infection.

At present time, attenuated mycobacteria  are used
for treatment of superficial carcinoma of  the bladder.
Yamamoto et al [30] found that administration of my-
cobacterial  DNA is accompanied  by induction of inter-
feron secretion, and NK lytic activity and could result in
tumor regression. A nucleic acid-rich fraction extrac-
ted and purified from BCG (MY-1) augmented NK cell
activity of mouse spleen cells in vitro, and induced the
production of factor(s) which showed anti-viral activity
and rendered normal macrophages cytotoxic towards
tumor cells (INF-γ and INF-α/β) [20, 24, 29, 30].

It is well recognized now that the immunostimula-
tory effects of specific motifs within bacterial DNA, in-
cluding CG dinucleotides, certainly play an important
role in the immunostimulatory effects of various bacte-
rial preparations. Studies to date suggest that CpG DNA
may have significant therapeutic potential in the treat-
ment of a variety of disorders, including infectious dis-
ease, allergy, and cancer [6, 10, 27].

Taking to account that bacterial DNA with CpG motifs
and synthetic CpG oligodeoxynucleotides have powerful
activating influence on innate antitumor immunity and the
reported antitumor and immunostimulatory effects of fil-
trate of Bacillus subtilis 7025 culture medium and respec-
tive vaccines [18, 31, 32], the present work was aimed on
the research of antitumor and immunostimulatory pro-
perties of nucleoprotein fraction of Bacillus subtilis 7025
culture medium filtrate (NPF).

MATERIALS AND METHODS
Tumor model. In the work, male BALB/c mice 8–

9 weeks old obtained from vivarium of R.E. Kavetsky In-
stitute of Experimental Pathology, Oncology and Radio-
biology NAS Ukraine (Kyiv, Ukraine) were used. The so-
lid murine Erlich’s carcinoma has been used as a tumor
model. Tumor cell suspensions in physiological saline were
ordinarily prepared from tumor cells of ascitic transplant-
able Erlich carcinoma in final concentration of 2.5–3.0 ·
106 cells/ml. Mice were inoculated subcutaneously with
2.5–3.0 · 105 viable cells/mouse in 0.1ml (on day 0).

Vaccination and immunization. Mice (separately
for therapy and preventive treatment) were housed in
4 groups (10 animals per group) as 1 control group
(untreated) and 3 — treated. Glycopeptide anti-can-
cer autovaccine (gp50) and nucleoprotein fraction (NPF)
of Bacillus subtilis 7025 cultural medium filtrate were

used separately and in combination for specific thera-
py and preventive treatment.

Gp50 has been prepared from tumor cells of murine
Erlich’s carcinoma by original method as described [22].
NPF was isolated from B. subtilis 7025 culture medium
filtrate by the method [13]. The cultivation of B. subtilis 7025
was performed by standard method. The absence of pro-
teins in NPF has been shown by electrophoresis in poly-
acrylamide gel. For in vivo and in vitro assays, NPF was
diluted in sterile physiological saline and stored at 4 °C.

At the 2nd day after tumor cell inoculation animals
were vaccinated in the footpad with gp50 only (or com-
bined with NPF) in a dose of 25.000 cells/equivalents
per mouse in total volume 100 µl; such vaccination was
repeated triply with 24 h intervals. NPF was injected by
the same route and schedule in the doses 5, 7.5 and
10 µg/mouse in 100 µl of physiological solution.

At preventive therapy mice were vaccinated in the
footpad with gp50 or with gp50 combined with NPF in a
dose of 25.000 cells/equivalents per mouse in 100 µl of
physiological solution triply with 1 week intervals. NPF
was administered separately and in combination with
gp50 triply by the same route and schedule in the doses
5, 7.5 and 10 µg/mouse in 100 µl of physiological solu-
tion. When the preventive therapy was completed, tu-
mor cells of ascitic Erlich carcinoma (2.5 ·105 cells/mouse)
were inoculated subcutaneously to treated mice.

In vivo survival studies. The antitumor efficacy of
therapy and preventive treatment by gp50, NPF, and
their combination was evaluated by dynamics of tumor
growth using the following parameters: increase in
host’s life span, survival time of 50% animals (ST50%),
and number of survived experimental animals at the
end of experiment. Percentage increase in life span
(%ILS) was calculated as:

        M S TT – MSTC 
%ILS = _____________ · 100%,
            M S TC

where MSTT — median survival time of treated mice;
MSTC — median survival time in control group (un-
treated mice).

MST was calculated on the basis of mortality data.
Preparation of effector cells. Splenocytes were

obtained by the homogenization of spleens resected from
8–9 weeks-old white mice in Potter’s homogenizer to
obtain single cell suspension. Mononuclear cells (MNC)
were isolated by a standard Ficoll — Verografin tech-
nique [17]. Lymphocytes were purified by method [17].
MNC were cultured in RPMI-1640 medium (Sigma, USA)
supplemented with 10% heat-inactivated fetal calf se-
rum (Sigma, USA), penicillin (40 U/ml) (Kyivmedpreparat,
Ukraine) and streptomycin (40 µg/ml) (Kyivmedprepa-
rat, Ukraine) [4]. The final concentration of lymphocytes
was 7.5 · 106 cells/ml. Lymphocytes were incubated or
without NPF or with NPF in concentrations 0.1 µg/ml and
1.0 µg/ml for 2 h at 37 °C in humidified athmosphere
with 5% CO2, washed by centrifugation and used for
cytotoxicity tests. The viability of the cells was deter-
mined by the conventional trypan blue dye exclusion test
and was not less than 99%.
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Preparation of NK cell targets. Ascitic transplan-
table Erlich’s carcinoma cells were isolated from perito-
neal cavity of male white 8–9 weeks old mice at 11 day
after inoculation and were used as NK-resistant target
cells in cytotoxic tests. Tumor cells were suspended in
cultivation medium to concentration 2.5 · 106 cells/ml,
and their number and viability were determined in mi-
croscopical supravital test with trypan blue. Cell viability
was about 98%. Target cells were incubated with NPF
likewise effector cells, washed by centrifugation and used
for cytotoxicity tests. Their viability was about 98%.

NK cell cytotoxicity analysis. All cytotoxicity tests
were performed in microwell round-bottomed plates us-
ing target — effector cell ratio of 1 : 3 in total volume 200 µl/
well [23]. In controls, only control target cells and nutrient
medium (control 1) or control target and effector cells were
added (control 2). After incubation at 37 °C for 18 h in
humidified athmosphere with 5% CO2, microplates were
gently centrifuged (400 g, 5 min). The number of viable
and dead target cells was determined using microscopi-
cal test with supravital staining with trypan blue. Cytotoxic
activity of NK cells was expressed as cytotoxicity index
(CI, %) [23] and was calculated as follows:

      A  –  B
CI = ———— · 100%,
        A

where A — the number of viable target cells in wells
with only target cells, B — the number of viable target
cells in wells with target and effector cells.

IFN assay. For in vitro study of the IFN-stimulating
activity of NPF, leukocytes of peripheral blood of human
donors ( 3 · 106 cells/ml) were co-incubated with 100 µl of
NPF in the doses 1 µg/sample and 2.5 µg/sample at 37 °C
for 18–24 h in humidified athmosphere with 5% CO2, then
centrifuged and the supernatants were collected. Each
sample was divided in 2 parts: one is stored at 4 °C for
48–72 h unaltered and the second was adjusted to pH
2.0, incubated at 4 °C for 48–72 h and adjusted to pH 7.3;
then IFN activity has been determined in supernatant sam-
ples by the method [7] with the use of vesicular stomatitis
virus (VSV) and homologous cell culture A549.

Statistical analysis. Survival curves were estimated
using the Kaplan — Meyer method [9]. For statistical
analysis, two-tailed Student’s t- test was applied [15].
p values < 0.05 were considered as significant.

RESULTS AND DISCUSSION
Immunization by NPF leads to protection from

tumor growth. Therapeutic application of gp50 as vac-
cine has not shown high efficacy (Fig. 1, a): all unimmu-
nized mice developed tumors and died within 82 days,
with ST50% 73 days. Application of gp50 only had no
marked protective antitumor effect — ILS was about
12.7% (Table 1). However, control animals died within
80 days, with ST50% of 73 days while mice vaccinated
with gp50 died within 100 days and, moreover, 10% of
animals remained alive to the end of experiment. Mice
treated with NPF only had ILS value 24.5% (Fig. 1, b)
and ST50% of 88 days, and 10% of animals remained
alive to day of the experiment termination. In these ex-
periments, the combined use of gp50 as a vaccine and

NPF as an adjuvant doesn’t improved survival when
compared with animals treated with NPF only (Fig. 1, c).

Although immunotherapeutic approaches against
cancer have always been more efficient in the prophy-
laxis than in the therapy, in our investigation prophylactic
and therapeutic application of gp50 were nearly similar in
antitumor efficacy (Tables 1 and 2) with  ILS values 9.9%
and 12.7% respectively, and ST50% values similar both
in control and experimental groups (Fig. 2, a). In the group
of mice with NPF preventive therapy, 50% animals sur-
vived at 125 day after tumor cells inoculation and had no

Table 1. Results of  therapeutic applicat ion of NPF and gp50 

Table 2. Results of prophylactic application of NPF and gp50 
Treatment  ILS, % ST50%, 

days 
% of animals that survived 

at day 125 
Control — 43 0 
gp50 9.9 48 0 
NPF  23.3 73 50 
gp50 + NPF  24.0 62 10 
 

Treatment  ILS, % ST50%, 
days 

% of animals that survived 
at the day 125 

Control — 73 0 
gp50 12.7 81 10 
NPF  24.5 88 10 
gp50 + NPF  24.1 93 10 
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Fig. 1. Survival of tumor-bearing animals upon therapeutic ap-
plication of gp50 (a), NPF (b), or gp50 + NPF (c)
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signs of tumor growth (Table 2, Fig. 2, b). Preventive thera-
py with combined application of gp50 and NPF gave pos-
itive effect on survival of experimental animals (Fig. 2, c)
with ILS 24% and ST50% value 62 days; 10% of animals
survived at day 125 (see Fig. 2, c).

Our results indicated that NPF as immunotherapeutic
agent possesses relatively high antitumor activity which
is mediated by its strong immunostimulatory activity.

Increase of NK cells cytotoxicity upon NPF treat-
ment. Earlier it was reported [1, 8, 30] that mycobacte-
rial DNA activates IFN-γ secretion and cytolytic activity
in  murine and human NK cells. We have studied the
concentration-dependent influence of NPF on cytotoxic
activity of NK cells and sensitivity of tumor cells to
NK-mediated cytolysis in vitro and revealed that there
is a correlation between named parameters (Fig. 3, a).
Similar increase of NK cytotoxicity was observed when
NK cells were incubated with 250 ng/ml of phorbol

myristate acetate (PMA) (unpublished data). PMA is
standard stimulant of lymphoid-macrophage lines that
increases the ability of lymphocytes to generate super
oxide radicals and activates protein kinase C [16].

When target tumor cells were incubated with dif-
ferent concentrations of NPF, NK cell cytotoxicity in-
creased, too (possibly due to the increased sensitivity
of tumor cells to NK-mediated lysis), but in reverse
correlation to NPF concentration.

When NK cells and target tumor cells were prein-
cubated with various concentrations of NPF, and then
underwent coincubation, no correlation was observed.

 According to data of other authors [8, 29], stimula-
tory effects of CpG DNA on murine NK cells require
either the presence of adherent cells or their CpG-con-
ditioned supernatants, which contain IL-12, TNF-α, and
type I interferons. However, our results point to possi-
ble direct activation of NK cells by bacterial CpG-DNA.

Induction of IFN-ααααα and –γγγγγ upon NPF treatment.
In contrast to LPS and other immunostimulatory agents,
CpG DNA shows an extremely strong pattern of Th1-
like cytokine induction, in particular, interferons [19, 30].
IFN-α is promptly produced upon invasion of patho-
gens, and activates a broad range of effector cells in
the innate and adaptive immune system and can play
an important role in antimetastatic protection of orga-
nism [5, 19]. IFN-γ is one from major cytokines in anti-
tumor protection; it is a strong promoter of Th1 immune
responses and activates macrophages and NK cells.

VSV cocultured with cells caused cytopathic effect
associated with cell death or sometimes with the sym-
plast formation. The main feature of VSV is distinct sup-
pression of protein biosynthesis at the point of initiation of
translation in host cells. VSV is especially sensitive to IFNs.
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Fig. 3. Augmentation of NK cell activity and sensitivity of target
cells to NK cell mediated lysis after their separate (a) or com-
bined (b) preincubation with NPF
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Table 3. Influence of NPF on the secretion of IFN by leukocytes of 
peripheral blood   

IFN activity (IU/ml) Concent ration of NPF 
Total IFN pH-stable I FN 

1 µg/sample 2560 1280 
2,5 µg/sample 2560 640 
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Fig. 2. Survival of tumor-bearing animals upon preventive ap-
plication of gp50 (a), NPF (b), or gp50 + NPF (c)
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Hence, we used method as described in [7] for the study
of possible influence of NPF on IFN induction. The results
have shown that NPF is potent inductor of IFNs synthesis
by leukocytes of peripheral blood nearly equal in potency
to standard stimulator of IFN induction polyI · poly C. In
concentrations 1.0 and 2.5 µg/sample NPF induced se-
cretion of IFN equal to 2560 IU/ml IFN-α. Secretion of
IFN-γ by peripheral blood leukocytes was reduced at high-
er concentrations of NPF (1280 IU/ml and 640 IU/ml for
1.0 µg/sample and 2.5 µg/sample of NPF respectively).

Our results are in agreement with data on the influ-
ence of bacterial DNA preparations on the level of IFN
secretion [5, 19] suggesting that the induction of type I
IFNs may be the pivotal step in the antitumor protec-
tion conferred by CpG DNA.

A number of important questions remain to be an-
swered. The molecular mechanisms responsible for
NPF-induced immunostimulation and its anticancer
activity remain unclear and are to be elucidated. A more
complete understanding of the immunologic response
to NPF of Bacillus subtilis 7025 cultural medium filtrate
should promote the development of more rational and
effective therapeutic strategies based on this new pos-
sible potent immunologic agent.
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