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SHORT COMMUNICATIONS

Aim: To study the antitumor and antimetastatic effects of B. subtilis IMV B-7724 lectin used in neoadjuvant and adjuvant settings
in vivo. Materials and Methods: Studies were performed on C57Bl/6J mice; Lewis lung carcinoma (LLC) was used as an ex-
perimental tumor. B. subtilis IMV B-7724 lectin was administered to tumor-bearing mice or to mice which underwent surgical
resection of the primary tumor. The lectin was injected subcutaneously, 10 times, at a single dose of 5 or 1 mg/kg of body weight.
The standard indicators of tumor growth and metastasis were evaluated. Results: Independently of the application settings, the lectin
at a dose of 1 mg/kg of b.w. caused more pronounced effect than at a dose of 5 mg/kg of b.w. The administration of B. subtilis IMV
B-7724 lectin to the mice with LLC in neoadjuvant setting did not cause notable antitumor effect but led to a significant decrease
in the number and volume of lung metastases. The lectin administration in adjuvant setting significantly inhibited metastasis: the
metastasis inhibition index reached 63.0% and 100% in the mice treated with the lectin at a dose of 5 mg/kg and 1 mg/kg respectively.
The mean survival time of the treated animals significantly increased. Conclusion: A pronounced antimetastatic effect of B. subtilis

IMYV B-7724 lectin administered in an adjuvant setting was demonstrated.
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The development of new means of cancer therapy
remains a compelling challenge for modern research-
ers. The list of substances with an antitumor activity
is expanding thanks to the drugs of natural origin,
which not only possess cytotoxic activity but are
able to optimize the patient’s immune response too.
Itis known thatimmune antitumor reactions (primarily
of natural immunity) play a significant role in prevent-
ing the relapses and metastatic spread of the primary
tumor. Therefore, in the complex treatment of pa-
tients, it can be effective to apply agents preventing
the suppression of immune response imposed by the
progressing tumor process or side effects of chemo-
and radiation therapy. As substances possessing
immunomodulatory and antitumor properties, lec-
tins — glycoproteins selectively binding carbohydrates
and carbohydrate components of glycoconjugates
of various nature — draw the attention of researchers.
Due to their strong affinity for certain carbohydrates
on the cell surface, lectins take part in a wide range
of biological processes, in particular intercellular
interaction, embryogenesis, pathogens recognition,
etc. Experimental studies have shown that lectins may
possess antiviral, antibacterial, fungicidal, immuno-
modulatory, and antitumor properties [1, 2].

The mechanisms of antitumor activity of lectins
are based on both a direct cytotoxic effect on tumor
cells and an indirect effect due to the modulation
of immune reactions. To date, the properties of plant
lectins have been described in more detail, demon-
strating that all investigated substances of this group
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are quite toxic, their cytotoxic effect extends not only
to tumor cells, but also to the cells of healthy tissues [3,
4]. The information regarding the properties and use
of microbial lectins in medical practice (in particular,
oncological) is much less present in the scientific lit-
erature [5]. From the biotechnological point of view,
the process of obtaining extracellular bacterial lectins
is much easier and more suitable for standardization.
The high rate of microbial biomass growth ensures
easier obtaining of alarger amount of active substance
compared to plant lectins. Considering this as well
as the information about the low toxicity of bacterial
lectins they can be regarded as prospective antitumor
and immunomodulatory agents.

Given that malignant cells express excessive
amounts of sialic acids of different types in the surface
glycoconjugates, sialo-specific lectins can be consid-
ered as potential antitumor agents. To date, lectins
produced by bacteria of the Bacillus genus (in par-
ticular, B. polymyxa 102, B. subtilis 316M, B. subtilis
7025) possessing high specificity for sialic acids have
been demonstrated to exert antitumor activity [6].
Theantitumor effect examination of the extracellular
lectin obtained from another strain of the Bacillus ge-
nus — B. subtilis IMV B-7724 — seems to be promising.
Its physico-chemical and biological properties have
been studied and cytotoxic activity towards tumor cells
of various lines was shown in vitro [7]. Lectin’s antitu-
mor activity was shown to differ when applied in mice
transplanted with tumors of different histogenesis [8].
In order to examine more precisely the antitumor and
antimetastatic properties of B. subtilis IMV B-7724 |lec-
tin, it is necessary to study its activities in vivo in dif-
ferent settings. Considering all above mentioned,
the aim of this work was to study the antitumor and
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antimetastatic activity of B. subtilis IMV B-7724 lectin
used in neoadjuvant and adjuvant settings in mice with
transplanted Lewis lung carcinoma.

MATERIALS AND METHODS

Experimental animals and tumor strain.
The study has been carried out on male C57BI/6J
mice (2-2.5-month-old weighting 19-22 g), bred
at the vivarium of R.E. Kavetsky Institute of Experi-
mental Pathology, Oncology and Radiobiology (IEPOR)
of the National Academy of Science of Ukraine.
The animals were housed under the standard vivarium
conditions with natural lighting and standard cereal-
based diet. The use and care of experimental animals
have been performed in accordance with standard
international rules on biologic ethics and the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes [9].

Lewis lung carcinoma (LLC) cells obtained from
the Bank of cell lines from human and animal tissues
of the R.E. Kavetsky IEPOR of the National Academy
of Sciences of Ukraine were used to induce tumors.

Bacterial lectin. Strain B. subtilis IMV
B-7724 of spore forming, aerobic, gram-positive bac-
teria was used as a source of the lectin. The lectin was
isolated from the cultural fluid on day 4 of the culture
as described in [7]. The isolated lectin was freeze-
dried at temperatures between —-32 °C and +24 °C and
stored as a powder at —20 °C.

Lectin dosage. Two doses of the lectin were
examined to select a more effective one: 5 mg/
kg or 1 mg/kg of body weight per one administration.
The complete course consisted of 10 administrations
of the lectin; the cumulative doses reached 50 mg/
kg and 10 mg/kg of body weight, respectively.

Experimental schedules. Two series of the ex-
periment were held differing in the administration set-
tings. The bacterial lectin was applied either to tumor-
bearing mice (neoadjuvant setting) or after the surgical
removal of the primary tumor (adjuvant mode).

In the neoadjuvant settings of lectin administra-
tion, LLC cells (4 - 10° cells/mouse) were injected
intramuscularly in the thigh. The experimental ani-
mals were divided into 3 groups: untreated mice with
tumors, referred as tumor-bearing control (n = 10);
“Lectin 5 mg/kg” (n = 10) and “Lectin 1 mg/kg” (n =
10) — tumor-bearing mice, which were injected s.c.
with the lectin, respectively, at a dose of 5 or 1 mg/
kg of body weight per 1 administration. Independently
of the dose, lectin injections started on day 2 after
tumor transplantation.

In the adjuvant settings of lectin administration,
tumor cells were injected into the footatadose of 2.5 -
10° cells/mouse. On day 16 after tumor transplanta-
tion, the primary nodule was surgically removed. Lectin
administration started on day 2 after the surgery. The
division of experimental mice into groups and the
scheme of lectin administration were the same as is de-
scribed above. The experiment lasted for 90 days.

Metastasis volume and number were evaluated during
the experiment and on day 90 after the tumor trans-
plantation in survived animals.

Assessment of antitumor and antimetastatic
effects. The course of the tumor process was char-
acterized by the standard indicators [10]: the latent
period (day) and frequency (%) of tumor occurrence;
the frequency of metastasis (%), number (n) and
volume of metastases (mm?); survival rate (%) and
mean survival time (days) of experimental animals.
Additionally, the metastasis inhibition index (Mll) and
the tumor inhibition index (TIl) were calculated. The MlI
was calculated as following:

Mil=(A;*B.—A*B/A.*B;) + 100%,

where A, and A stand for the number of mice
bearing lung metastases in the groups of control
and the treated mice respectively. B, and B stand for
the mean number of lung metastases in the groups
of control and the treated mice respectively.

TIl was calculated according to the formula:

TH=((V,-V)/V.) - 100%,

where V., and V, stand for mean tumor volume in the
groups of control and the treated mice respectively.

Statistical analysis of the data was performed us-
ing Student’s t-test. Values p < 0.05 were considered
as statistically significant [11].

RESULTS AND DISCUSSION

Tumors developed in all experimental animals
8-11 days after the transplantation of LLC cells. Ap-
plied in tumor-bearing mice (neoadjuvant settings),
the lectin, regardless of the dose used, did not elicit
a significant effect on the latent period of tumor de-
velopment, the dynamics of primary tumor growth,
survival rate and survival time of the experimental
animals (Table 1).

Table 1. Effect of B. subtilis IMV B-7724 lectin on growth of LLC
Tumor-bearing Lectin-treated mice

Index control 5 mg/kg 1 mg/kg
(n=10) (n=10) (n=10)
Tumor yield, % 9777 9.7+77 9.7+77
(10/10) (10/10) (10/10)
Latent period, days 9.3+1.2 10.2+1.4 9.5+1.3
Tumor volume, mm?®
Day 8 123.8 £27.2 125.3 £31.2 146.6 = 26.0
Day 14 200.3 +47.4 262.0+40.5  253.0 +£40.3
Day 22 1415.5+259.2 1216.0 £ 259.6 1195.9 + 150.2
Day 29 3161.4 £329.2 2810.0 + 305.6 2614.0 + 288.7
Day 35 3472.9+270.6 3105.6 +295.6 2721.0+307.5
Day 42 - 3415.3 £ 154.2 3891.2 +298.8
Day 49 - - 4190.0 404
Til, % - 14.9+2.1 18211 8
Mean survival time, 39.6 £2.7 40.5+2.9 4.9+42
days

At the same time, there was noticed an antimeta-
static effect in the group of mice injected with the lectin
at a dose of 1 mg/kg: the number and volume of lung
metastases were significantly lower comparing to both
the control tumor-bearing animals (1.6 and 10.5times
respectively) and the mice receiving the lectin ata dose
of 5mg/kg (1.3 and 1.5 times respectively) (Table 2).
Ml in this group reached 36.0%.

Therefore, the application of B. subtilis IMV
B-7724 lectin to the tumor-bearing mice (without sur-
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gical removal of the tumor) did not affect the growth
of the primary tumor node but had a significant anti-
metastatic effect. Administration of lectin in a lower
dose (1 mg/kg) was more effective.

Table 2. Metastasis in LLC bearing mice treated with different doses

of B. subtilis IMV B-7724 lectin (neoadjuvant setting)
Tumor-bearing Lectin-treated mice

Index control 5 mg/kg 1 mg/kg
(n=10) (n=10) (n=10)

Frequency of metasta- 9777 9M.7+77 9.7+77
sis development, % (10/10) (10/10) (10/10)
Mil, % - 19.1 36.0
Mean metastasis 444 +3.4 35.9+£1.3 28.4+1.3"2
number, n
Mean metastasis 604.2+50.3 85.8=1.7' 57.3£2.9"2
volume, mm?

Note: 'p < 0.05 as compared to the tumor-bearing control; 2p < 0.05 as com-
pared to the group “Lectin 5 mg/kg”.

When antimetastatic effects of B. subtilis IMV
B-7724 |ectin was assessed after the surgical removal
of the primary tumor, a significant antimetastatic ef-
fect of the lectin in both doses was demonstrated
(Table 3). Although, the antimetastatic effect was more
pronounced in the group of mice receiving the lectin
at a dose of 1 mg/kg of body weight. In this group,
metastases did not develop in any mouse during
the entire observation period (90 days).

Table 3. Metastases in mice treated with different doses of B. subtilis IMV

B-7724 lectin after the surgical resection of LLC tumor (adjuvant setting)
Lectin-treated mice

Index Co(r:]trfl 1'8)'09 5 mg/kg 1 mg/kg
(n=10) (n=10)

Frequency of metastasis 80.0+9.7 50.0+17.7 5.0+4.0"?
development, % (8/10) (5/10) (0/10)
MIl, % - 63.0 100
Mean metastasis number,n  26.8+1.5 159+1.4 o"2
Mean metastasis volume, 627.3+78.6 18.4+2.0' 0"2
mm?®
Mean survival time, days 56.1+33 74.6+55" 90.0+0.0'?

Note: 'p < 0.05 as compared to the control mice, which underwent tumor re-
section only; 2p < 0.05 as compared to the group “Lectin 5 mg/kg”.

The obtained results demonstrate that B. subtilis
IMV B-7724 lectin at a dose of 1 mg/kg (total dose
of 10 mg/kg of body weight) applied after surgical
removal of the primary tumor completely prevents
the development of metastases. At the end of the ex-
periment (day 90 after tumor transplantation), all
animals in the group remained alive (the Figure).
The application of the lectin in a larger dose (5 mg/
kg of body weight) had a less pronounced effect (see
the Figure). In this group, however, the survival time
exceeded that of the animals, which underwent only
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-+ Controlgroup -m~ Lectin 5 mg/kg -+ Lectin 1 mg/kg

Figure. Survival rate of mice treated with B. subtilis IMV
B-7724 lectin after the surgical resection of LLC tumor

tumorremoval (74.6 +5.5vs 56.1 + 3.3 daysin the con-
trol group, p < 0.05).

Our data are in line with other reports on the ef-
fectiveness of different immunotherapeutic agents
of natural origin on the LLC model and provide evi-
dence to support for the prospects of adjuvant treat-
ment [12-14].

It is well known that the antitumor effects of lec-
tins of various origins may be due not only to a direct
cytotoxic effect toward transformed cells, but also
to their ability to activate antitumor immune reac-
tions [15]. The same mode of action cannot be ex-
cluded for B. subtilis IMV B-7724 lectin. This assump-
tion is supported by the results of our previous in vitro
studies demonstrating the dose-dependent effect
of the lectin on the peritoneal macrophages of intact
Balb/c mice. In particular, it was shown that in con-
centrations > 0.1 mg/ml it exerts cytotoxic effect while
in concentration 0.02 mg/ml it stimulates the func-
tional activity of macrophages [16]. Added to a culture
medium, 0.02 mg/ml of the lectin led to a significant
increase in NO production and a decrease in arginase
activity which is characteristic of macrophages with the
M1 phenotype. M1 macrophages are known to play
a significant role in antitumor defense. Therefore,
it is tempting to conclude that higher antimetastatic
activity of the lectin applied in a lower dose is based
on its activating effects on macrophages and/or pos-
sibly other immune cells that, as a result, caused
a pronounced anticancer effect of the lectin. Though,
this assumption needs to be experimentally explored.

To sum up, the application of B. subtilis IMV
B-7724 lectin to the mice bearing metastatic LLC
tumor did not affect the primary tumor growth but led
to a significant decrease in the number and volume
of lung metastases in treated mice. As the tumor vol-
ume limits the antitumor effect of mostimmunotherapy
remedies of natural origin, the most notable effect can
be achieved when biotherapy is used in an adjuvant
setting aiming to prevent tumor relapse and meta-
stasis. From this point of view, the revealed potent
antimetastatic effect of B. subtilis IMV B-7724 lectin
applied after surgical removal of the primary tumor
seems quite explicable. On the other hand, it cannot
be excluded that the high antimetastatic activity of the
lectin may be related to differences in the surface gly-
cosylation of the primary tumor and metastatic cells.

An increase in the number of glycans contain-
ing sialic acids — N-glycolylneuraminic (Neu5Gc)
or N-acetylneuraminic (Neu5Ac) — is known
to be a common form of aberrant glycosylation of hu-
man malignant cells. For example, it has been shown
that an increase in the level of Neu5Gc and Neu5Ac
is associated with breast, ovarian, prostate, colon,
and lung cancer [17, 18]. Considering the high affinity
of the studied lectin to sialic acids, it can be assumed
that the detected antimetastatic effect may be due
to the interaction of the lectin with the cell membrane
glycoconjugates leading to the subsequent activation
of the tumor cell death. Nevertheless, the precise
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mechanisms resulting in malignant cells elimination
caused by the lectin remain to be elucidated.
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AHTUMETACTATUYHA A19 IEKTUHY B. SUBTILIS
IMB B-7724 HA MOAENI KAPLUUMHOMMW NEFEHI
Nnbloic
H.I. @edocosa, T.B. Cumuun, H.JI. Yepemmenxo, A.B. Yymakx,
€.B. Kosaav, O.M. Kapaman, 1. M. Bociikosa

Incmumym excnepumenmanvHoi namoaoeii, onkonoeii i padiobionoeii
im. PE. Kaseyvkoeo HAH Ykpainu, Kuie 03022, Ykpaina

Merta: ExcnepumeHTasnbHe AOCNIAXEHHS aHTUMETacTaTU4YHOI
edeKTBHOCTI NnekTuHy B. subtilis IMB B-7724 3a ymoBM 1A10ro
3aCTOCYBaHHS B HE0A, I0OBAHTHOMY Ta af,'IoBAaHTHOMY PEXMMAX.
Martepiann ta metogu: JOCNioXEHHS NPOBEAEHO HA MULLIAX
ninii C57BI/6J, y 9KOCTi excneprMeHTanbHOi MOAENbHOI NyXn-
HU BUKOPUCTaHa KapumHoma nerexi Jibtoic. JocniopxeHo 2 pe-
XMW BBEAEHHS NeKTUHY B. subtilis IMB B-7724: Ha Tni nyxivH-
HOrO POCTY Ta MiCNs BUOANEHHS NEPBUHHOI NyXIUHW. JIeKTUH
BBOAWAN NigLKipHO, 10-pa3oBo, pa3osa no3a cTaHoBmna 5 abo
1 mr/kr macu Tina. OuiHioBanu ctaHaapTHI MOKa3HUKM MyXJIH-
HOro pOCTy Ta MeTacTasyBaHHs. Pe3aysibTaru: 3aCTOCYBaHHS
nekTuHy B. subtilis IMB B-7724 y mvwen 3 KapuMHOMOIO fne-
reHi Jlbioic 6e3 onepaTtMBHOro BUAANEHHS! NEPBUHHOI MyXJIVHN
HE CYNpPOBOXYBaNOCH OOCTOBIPHUM NPOTUNYXINHHUM edek-
TOM, MpPOTe MPU3BOAMIO A0 CYTTEBOrO 3MEHLUEHHS KifIbKOCTI
Ta 06’eMy nereHeBux MeTacTasiB. BeegeHHs GakTepiasibHOro
NIEKTUHY MULIAM MiCNns ONepaTMBHOrO BUAANIEHHS MEPBUHHOI
MyXJIMHW OOCTOBIPHO MPUrHiYYyBaso MPOLEC MeTacTadyBaHHS:
iHaekc iHribiujii meTacTasyBaHHs ctaHoBUB 63,0% (5 mr/kr) Ta
100% (1 mr/kr). Bigmiyanu Takox cyTTeBe 36iNbLUEHHS cepen-
HbOI TPMBANOCTI XUTTS NPONIKOBAHMX TBApPWH. Binbll BUpaxe-
HUA aHTUMETacTaTU4YHUN edEeKT BUSBNEHO MPU 3aCTOCYBaHHI
NeKTVHY B 803i 1 Mr/kr macu Tina. BucHoBku: Ha mogeni kap-
UMHOMU nereHi JIbtoic BUpaXeHnin aHTMMeTacTaTudHnn edekT
nekTuHy B. subtilis IMB B-7724 BusiBneHo 3a yMOBM 10ro 3aCTo-
CyBaHHS B a1 FOBAHTHOMY PEXUMI.

Knoyosi cnoBa: xapuyHoma nerei Jlbtoic, nektnH B. subtilis
IMB B-7724, nNpoTUNyxXVHHWUIA edeKkT, aHTUMeTacTaTu4yHni
edekT.



