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EFFECT OF B. SUBTILIS IMV B-7724 LECTIN
ON THE ACTIVITY OF EFFECTORS

OF CELLULAR ANTITUMOR IMMUNITY

OF MICE WITH LEWIS LUNG CARCINOMA

Aim. To evaluate the effect of B. subtilis IMV B-7724 lectin on the functional activity of macrophages (Mph), natural killer
(NK) cells and cytotoxic lymphocytes (CTL) of mice bearing Lewis lung carcinoma (LLC). Materials and Methods. The
studies were performed on C57Bl/6] mice; LLC was used as an experimental transplantable tumor. The lectin from B. subtilis
IMV B-7724 was administered to LLC-bearing mice subcutaneously at a dose of 1 mg/kg of body weight for 10 days. The
immunological testing was performed on days 14, 21, and 28 after tumor grafting. The cytotoxic activity of Mph, NK, and
CTL was estimated in MTT-assay; the content of the stable metabolites of nitric oxide (NO) was measured by a standard
Griess reaction; the arginase activity (Arg) was determined based on the measurement of urea. Results. The administration
of the B. subtilis IMV B-7724 lectin to LLC-bearing mice exerted its antitumor and antimetastatic effects partially via a sig-
nificant (p < 0.05) increase of Mph and NK activities after the completion of the treatment. In the group of animals injected
with lectin, the NO/Arg ratio increased significantly, indicating the prevalence of Mph with proinflammatory and antitumor
properties. The cytotoxic activity of Mph exceeded the indices of untreated mice and intact control by 1.8 times and 5.3 times
respectively; of NK — by 2.8 and 1.3 times respectively. The effect of treatment on the CTL activity was less pronounced.
Conclusion. Antitumor and antimetastatic activity of the lectin from B. subtilis IMV B-7724 ensured the preservation of the
cytotoxic activity of the main effectors of antitumor immunity (Mph, NK, and CTL) throughout LLC growth.

Keywords: Lewis lung carcinoma, lectin from B. subtilis IMV B-7724, antimetastatic effect, macrophages, natural
killer cells, cytotoxic lymphocytes.

Antitumor immunity is exerted through the | mechanisms, which are aimed at maintaining
combined action of the natural (immuno- | the antigenic homeostasis of the body, including
logically non-specific) and adaptive (specific) | the recognition and destruction of foreign cells.
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Antitumor immunity encompasses both innate
(nonspecific) and induced (specific) immune re-
sponses.

As known, tumor tissue is not homogeneous
and contains both malignantly transformed and
normal body cells that form the tumor stroma.
The tumor microenvironment (TME) also in-
cludes cells of the immune system: macrophages
(Mph), neutrophils, and natural killer (NK)
cells. A significant role in the antitumor immune
response belongs to such effectors of the innate
immune system as Mph. Mph play a significant
role in the development and restoration of tis-
sues and homeostasis. Mph in the tumor focus
regulate the interaction of tumor cells with the
TME during all stages of its development.

Mph are characterized by significant pheno-
typic heterogeneity and functional diversity.
They acquire different properties, depending on
the tissue in which they function, as well as on
its microenvironment. These cells have the abi-
lity to perceive signals from the tumor microen-
vironment and change the direction of their po-
larization from cells with antitumor properties
(M1) to cells that promote tumor growth (M2),
and vice versa.

M1 Mph perform the functions of immune
surveillance and antigen presentation. Due to the
production of a number of cytokines, Mph are
able to enhance or inhibit the activity of effector
cells of both innate (NK) and specific (T-helpers,
cytotoxic lymphocytes (CTL)) immunity. M2
Mph inhibit the antitumor immune response
due to the production of inhibitory cytokines, in
particular IL-10 and/or TGF-f. The phenotype
of the resident Mph regardless of their location is
closely related to the dynamics of tumor growth
and the prognosis of the disease. Usually, M2
Mph contribute to the formation of an immu-
nosuppressive microenvironment via release of
a number of cytokines, chemokines, and inflam-
matory mediators. The factors produced by M2
Mph stimulate angiogenesis, contribute to the
migration of tumor cells and create a favorable
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environment for their further colonization,
thereby promoting tumor growth and metasta-
sis [1, 2].

It is known that Mph are characterized by
high plasticity. That is, under the influence of ap-
propriate external stimuli, these cells are able to
change the direction of polarization M1<>M2.
The ability of Mph to influence the tumor micro-
environment through interaction with other cells
of the immune system (NK, Th, CTL), as well as
the changes in their activity and phenotype in
response to external signals makes Mph a new
promising target for antitumor therapy. [3, 4].

Today, the search for new means of immuno-
therapy continues. The major requirements for
immunotherapeutic treatments comprise the
ability to maintain immune homeostasis, non-
toxicity for healthy cells and body tissues, mini-
mal side effects, and accessibility for patients.
To a greater extent, these requirements are met
by preparations of natural origin, among which
are lectins. The cytotoxic, antitumor, or immu-
nomodulatory properties of lectins of various
origins have been demonstrated [5, 6]. The anti-
tumor activity of lectins can be realized by direct
(directly against tumor cells) or indirect (through
modulating immune anticancer reactions) cyto-
toxic action. The direct cytotoxic action is due to
the binding of the lectin to the sugar-containing
receptor on the cell surface and the induction of
a cascade of intracellular processes that result in
apoptosis, autophagy, cell cycle blocking, and in-
hibition of tumor cell proliferation. The mecha-
nisms of the direct cytotoxic effects of lectins of
the plant origin have been thoroughly studied
and described in the scientific literature [7, 8].
Not less important is the ability of lectins to reg-
ulate the immune response due to the activation
of the complement system, the enhancement of
Mph activity, NK cells, and CTL. It was demon-
strated, that lectins are triggers of proliferation
and activation of Th1l-lymphocytes and enhan-
ce the cytokine production, including IFN-y,
TNF-a, and IL-6 [9—11].
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The aim of our study was to evaluate the ef-
fect of lectin from B. subtilis IMV B-7724 on the
activity of peritoneal Mph, NK cells, and CTL
in the growth kinetics of a metastasizing Lewis
lung carcinoma (LLC), which is currently con-
sidered a reproduced syngeneic mouse model of
human lung cancer [12].

Materials and Methods

Animals. The study was carried out on male
C57Bl mice 2—2.5 months old weighting 19—
20 g, bred at the vivarium of R.E. Kavetsky In-
stitute of Experimental Pathology, Oncology and
Radiobiology (IEPOR). The use and care of the
experimental animals were performed in accor-
dance with the standard international rules on
biological ethics and the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
[13] and approved by the Institutional Animal
Care and Use Committee.

Experimental tumor. Standard metastasizing
LLC strain was used in the experiment. Cancer
cells were kindly granted by the Bank of Cell
Lines from Human and Animal Tissues, IEPOR
NASU.

Bacterial lectin. The B. subtilis IMV B-7724
strain of spore-forming, aerobic, gram-positive
bacteria was used as a source of lectin. Lectin
was isolated from the cultural fluid on day 4 of
culturing as described in [14], freeze-dried at
temperatures between —32 °C and +24 °C and
stored as a powder at —20 °C.

Design of the experiment. Animals were dis-
tributed in 3 groups, 12 animals per group: intact
control; untreated tumor-bearing mice injected
with 0.9% NacCl solution; and the experimental
group — tumor-bearing mice that were subcu-
taneously injected with B. subtilis IMV B-7724
lectin (at a dose of 1 mg/kg of body weight, for
10 days starting from day 2 after the tumor graf-
ting). The immunological testing was performed
on days 14, 21, and 28 after tumor grafting. The
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cytotoxic activity (Mph, NK, CTL), production
of nitric oxide (NO), and arginase activity (Arg)
were determined.

Peritoneal Mph and spleen lymphocytes were
isolated by the standard methods. The mononu-
clear cells of the spleen were placed on a Ficoll-
Verografin gradient (p = 1.077 kg/m?) and cen-
trifuged (550 g, 30 min). After two consecutive
washings (medium 199, 550 g for 10 min), lym-
phocytes were resuspended in RPMI-1640 me-
dium with 10% of bovine serum (Sigma, USA).

Cytotoxic activity (CTA) assay. CTA of the
peritoneal Mph and spleen lymphocytes (CTL
and NK) was determined by MTT-assay [15].
LLC cells were used as a target for peritoneal
Mph and CTL; K562 cells were used as a target
for NK. In brief, target cells (2 x 10* cells/well)
in RPMI-1640 medium supplemented with 10%
fetal bovine serum and antibiotics were placed
in flat-bottom 96-well plates where Mph (4 x 10°
cells/well) or lymphocytes (10° cells/well) were
adhered beforehand and incubated for 18 h in
a 100% humidity atmosphere with 5% CO, at
37 °C. The control wells contained target cells or
effector cells only. Then 0.01 ml of MTT solution/
well (5 mg/ml, Sigma, USA) was added, and in-
cubation continued for 2 h. Then the plates were
centrifuged (550 g for 15 min) and washed twice
with 0.9% NaCl solution. After that, 0.12 ml of
2M KOH and 0.14 ml of dimethyl sulfoxide
(50% solution) were added into each well. Op-
tical density was measured at A = 545 nm vs.
A = 630 nm using a microplate ELISA reader
(StatFax-2100, USA). Each sample was done in
triplicate. The cytotoxic activity index (CTAI, %)
was calculated by the formula:

CTAI = [1_ (ODeffectOHtc - ODeffector)
/(ODtC - ODblank)].IOO%

/

where OD . .. is the optical density of wells in
which only effector cells were incubated; OD,__is
the optical density of wells in which only tumor

cells were incubated; OD g, ... is the optical
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density of wells in which tumor cells and effector
cells were incubated; OD, . , is the optical den-
sity of wells with the culture medium only.
Griess reaction. The content of stable NO
metabolites was assessed by the standard Griess
reaction [16]. In brief, peritoneal Mph suspen-
sions (2 x 106 cells/well) were placed in a volume
of 200 pl in 96-well flat-bottom tissue culture
plates and cultured for 24 h. Each cell culture
was investigated in duplicate. At the end of the
incubation period, the supernatants were col-
lected and NO production was assessed through
the accumulation of nitrite (as a stable metabo-
lite of NO) by the Griess reaction. The aliquot of
culture supernatant (100 pl) was mixed with an
equal volume of the Griess reagent (Acros Or-
ganics, Belgium) and incubated for 1 h at room
temperature in the dark. The reaction products
were quantified by colorimetry at A = 550 nm.
The standard curve plotted by the results of mea-
surements of the solutions containing known
concentration of NaNO, was used for converting
the absorbance to micromolar concentrations of
NO expressed in pM NO, per 10° cells.
Measurement of Arg activity. Arg activi-
ty was determined based on urea measure-
ment [17]. Peritoneal Mph were lysed by doub-
le freezing and thawing. Then 50 pl of 50 mM
Tris-HCI (pH 7.4) and 10 pl of 50 mM MnCl,
were added to each sample. The samples were
heated at 56 °C for 10 min and upon addition
of 100 pl of 0.5 M L-arginine (pH 9.7) heated
for further 30 min (37 °C). The reaction was
stopped with 800 pl of acidic mixture (1:3:7,
96% H,S0,:85% H,PO,H,0). Then 40 ul of
a-isonitrosopropriophenone (Sigma — Aldrich,
USA) was added to the solution, which was hea-
ted for 30 min (95 °C) and incubated for 30 min
at 4 °C. Urea concentration was measured by
spectrophotometry at A = 550 nm. The opti-
cal density values were converted to the mass
of urea based on the calibration curve of the
standard urea solution. One unit of Arg activity
means the amount of the enzyme hydrolyzing
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1 uM of arginine per 1 min. The results are ex-
pressed as units/10° cells.

Statistical analysis. Statistical significance
was evaluated by nonparametric Mann — Whit-
ney U-test using Prism software Version 8.0. The
statistical significance of the differences between
examined groups was assessed as p < 0.05.

Results and Discussion

The antitumor and antimetastatic efliciency
of lectin from B. subtilis IMV B-7724 has been
described in our previous publication [18]. We
demonstrated that the administration of lectin
from B. subtilis IMV B-7724 to mice bearing
LLC without surgical removal of the primary tu-
mor does not cause a significant antitumor effect
but led to a significant decrease in the number
and volume of lung metastases compared to the
tumor-bearing control (p < 0.05). In the present
study, we have assessed whether the antimeta-
static effect of lectin could be exerted via its in-
fluence on the activity of peritoneal Mph, NK
cells, and CTL. The evaluation of the polariza-
tion state of peritoneal Mph and detection of the
subpopulation that prevails in a certain period of
tumor growth were carried out by determining
the characteristics of L-arginine metabolism
(NO level, Arg activity).

Peritoneal Mph of intact C57Bl mice were
characterized by a high level of NO production
and low Arg activity (53.76 NO,7/10° cells and
2.1 units/10° cells, respectively). The NO/Arg
ratio for peritoneal Mph was 25.6. In the un-
treated LLC-bearing group, the NO/Arg ratio
on days 14 and 28 of tumor growth decreased
significantly compared to the intact mice (8.8
and 9.1 a.u. vs. 25.6 a.u., respectively, p < 0.05),
while on day 21, this ratio increased (28.4 a.u. vs.
25.6 a.u,, p < 0.05). The data indicate a gradual
change in Mph polarization from the M1 phe-
notype to the M2 phenotype at different stages
of LLC growth. That is, at the late stages of tu-
mor growth (28 days), cells with protumorigenic
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properties prevailed in the population of perito-
neal Mph of the untreated mice.

In the group of the LLC-bearing animals in-
jected with lectin, on day 14, the NO/Arg ratio
was 15.5 a.u., on day 21 — 38.8 a.u., and on day
28 — 30.0 a.u. (p < 0.05 compared to the untrea-
ted tumor-bearing mice at all mentioned terms).
Therefore, during the entire period of the study,
cells with the phenotype and functional proper-
ties of M1 prevailed in the population of perito-
neal Mph in mice of the experimental group.

Analogous results were obtained when study-
ing the cytotoxic activity of peritoneal Mph
mice at different stages of LLC growth (Fig. 1).
The cytotoxic activity of Mph of intact mice
was 25.2 = 2.7%. Starting from day 14 of tu-
mor growth, in mice with LLC, these indicators
were significantly (p < 0.05) lower than in in-
tact animals; the maximum decrease was noted
on day 28 (8.8 + 2.2 vs. 25.2 + 2.7). In the ex-
perimental group, a significant increase in the
cytotoxic activity of peritoneal Mph was noted
at the late stages of tumor growth compared to
both untreated and intact animals. The highest
cytotoxic activity was observed on day 21; sub-
sequently, it decreased insignificantly (53.2 +
2.5% and 46.7 + 2.1%, respectively). Thus, the
analysis of the functional activity of peritoneal
Mph in the dynamics of LLC growth indicated
a change in the polarization of Mph using lectin
from B. subtilis IMV B-7724 toward the M1 phe-
notype at the late stages of tumor growth, which
may be related to the demonstrated antimeta-
static effect.

The data we obtained correlate with the results
of experiments on determining the direction of
Mph polarization and the possibility of their re-
polarization at various stages of growth and me-
tastasis of malignant tumors of various origins
(tumors of the lung, prostate, colon xenografts,
and lung metastases) [19, 20]. In particular, when
studying the composition of stromal cells of lung
adenocarcinoma, induced in A/] mice with ure-
thane, after 24-week exposure to the carcinogen,
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changes in the polarization state of alveolar Mph
from unpolarized cells to M2 Mph were demon-
strated. According to the authors, such changes
in Mph polarization contribute to the increased
tumor growth not only by reducing the direct
cytotoxic effect (decrease in NO production).
A significant role is played by the participation
of these cells in the formation of immunosup-
pression by disrupting the antigen presentation
to other cells of the immune system, cytokine-
mediated enhancement of the ability of myeloid
suppressor cells to inhibit the proliferation of
T cells, and inhibition of Th1 activity [19].

There is a sufficient amount of data that con-
firm the key role of Mph in the implementation
of various links of the antitumor response due
to the cytokines and chemokines produced by
these cells [1, 21, 22]. In particular, IL-12 and tu-
mor necrosis factor-a are among the cytokines
produced by Mph M1, which enhance the pro-
liferation and activation of NK. Due to the effect
of IL-12 on Tho, their polarization to Th1 occurs
and, accordingly, the activation of a cellular spe-
cific immune response [23].

Taking into account the above, we conducted
a study of the changes in the cytotoxic activity of
NK and CTL at different terms of LLC growth
and also assessed the possibility of enhancing
such activity using lectin.

In the group of tumor-bearing mice, at all
studied time points, the indicators of the cy-
totoxic activity of NK and CTL were signifi-
cantly reduced compared to the intact control
(Fig. 2, 3). In the experimental group, the cyto-
toxic activity of NK on day 28 of tumor growth
was 2.8 times higher (p < 0.05) than that of the
untreated mice and 1.3 times higher than that of
the intact control. CTL activity at the late stages
of tumor growth was maintained at the level of
intact control.

Such dynamics of fluctuations in the cytotoxic
activity of NK correspond to the changes in the
activity of Mph. The significant increase in NK
activity (on day 28) was preceded by the activa-
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Fig. 1. Cytotoxic activity of peritoneal Mph in intact animals, untreated tumor-bearing animals (a), and experimen-
tal group (b). * p < 0.05 compared to the intact control group
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Fig. 2. Cytotoxic activity of NK in intact animals, untreated tumor-bearing animals (a), and experimental group (b).
* p <0.05 compared to the intact control group
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Fig. 3. Cytotoxic activity of CTL in intact animals, untreated tumor-bearing animals (a), and experimental group (b).
* p < 0.05 compared to the intact control group
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tion of Mph (day 21). Probably, the effect of the
bacterial lectin on NK can be mediated through
the soluble factors that are secreted by activated
Mph. An increase in the cytotoxic activity may
indicate the appearance of a number of cyto-
kines in the systemic bloodstream (in particular,
IL-1, IFN, TNEF), which ensure not only the ac-
tivation of the effectors of the innate immunity,
but also support a specific immune response at
the level of the intact animals. An important
role in the implementation of the antitumor
response is played by IFNy, which is produced
by T-lymphocytes, NK cells. This cytokine has
a pronounced immunomodulatory effect due to
its effect on almost all effector cells of the im-
mune system [24—26]. Taking into account the
information about the interferonogenic prop-
erties of lectins produced by related strains of
B. subtilis [5], it can be assumed that the lectin
from B. subtilis IMV B-7724 supports the activa-
tion of Mph, inducing the production of IFNy
by lymphocytes. That is, there is a mutual re-
gulation and strengthening of the activity of the
main effectors of the antitumor immunity. The
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[HCTUTYT eKcriepyMeHTaNIbHOI aTOoMorii, OHKOIOTI i pagio6iomorii
im. P.€. Kasenpkoro HAH VYkpainu, Knis, Ykpaina

BIUIVIB IEKTMHY B. SUBTILIS IMV B-7724 HA AKTUBHICTDb
E®EKTOPIB KJIITMHHOI TAHKU ITPOTUITY XJIMHHOTO IMYHITETY
MMIIIEN 3 KAPLIMHOMOIO JIETEHI JIBIOIC

Merta. Ouinnty Bumus nextuny B.subtilis IMB B-7724 Ha axtusHicTb Makpodaris (M), mprpogHux KimepHux
kritue (IIKK) ta unrorokcnunnx mimbountis (IJT/I) mumeit 3 kapuuaomoro nereni JIproic (KJIJT). Marepianu
ta MeTomu. JloCTimKeHHs mpoBoAmIyu Ha Muiax iHii C57Bl/6]; B sKOCTi eKcriepuMeHTaIbHOI MOJIeNIbHOI Ty X/TMHY
BUKOPMCTAHO KapLUMHOMY jiereHi JIboic. JIekTUH BBOAMIN MUIIAM 3 MTyX/IMHAMU HifiIKipHO, B pa3oBiit 7o3i 1 mr/
kr Baryu (10 BBemeHb). IMyHONIOrIYHI KOCTifKEHHs pOBOAMIN Ha 14-, 21-, 28-iit 5o6i nmyxauuHOTO pocty. Llu-
tToTtokcn4Hy akTuBHICTb M, ITKK, IITJI oninroBamu B MTT-tecti; B7MicT cTabimbHMX MeTabOMITIB OKCUAY a30Ty
(NO) BumiproBanu 3a JOIIOMOTIOI0 CTaHAAPTHOI peakuii Ipica; akTUBHICTD apriHasu (Arg) oLiHIOBaIM 3a BMICTOM
ceyoByHU. Pesynbraru. Beenenns nexruny B. subtilis IMV B-7724 myiam 3 KJIJI 6e3 BuaieHHA IepBUHHOL ITyX-
JIMHM CYIIPOBOMKYBA/IOCh IPOTUIYXIMHHUM Ta aHTHMeTactarndHnM edexrom. OcranHiit, BiporifHo, 6yB 06y-
MoBeHnit cyrreBuM (p < 0,05) mifBumiennam aktuBHOCTi M Ta ITKK mic/is saBepIieHHs ITIOBHOTO KypCy /IiKyBaH-
HA. Y TPymi TBapMH, AKMM BBOAM/IM JIEKTUH, BifiMiyanu cyTTeBe 3pocTaHHA cniBBigHomenHa NO/Arg: Ha 21-my
Bo6y — 38,8 ym.of., Ha 28-my — 30,0 ym.of. (mpot 9,1 Ta 28,4 yM.0f. y MUl AKi He OTpUMYBaIN 1EKTUHY). Taki
IaHi CBiT4aTh IO MpeBaTIOBAHHA Y TBAPYH, AKMM BBOVIN TEKTVH, M 3 Ipo3anaabHIMU Ta IPOTUNYXTMHHUMNI
B/IaCTUBOCTAMMU. LIMTOTOKCMYHA aKTUBHICTD M mepeBuiyBana IIOKasHUKM B MMILEH, AKi He OTPUMYBaIHU JIeK-
TUHY, B 1,8 pasa Ta B rpymni iHTaKTHOTO KOHTpO/mo — y 5,3 pasa; [IKK — y 2,8 ta 1,3 pasa BignoBifHO. AKTUBHICTD
LI'TJI Ha BigpaneHUX TepMiHaX IyXIMHHOTO POCTY 30epirasach Ha piBHI iHTAKTHOrO KOHTpOO. BucHoBOK. ITpo-
TUITX/IMHHA TA QHTHMETACTATIIHA aKTUBHICTD eKTuHy B.subtilis IMB B-7724 o6ymoBiieHa 36epeXXeHHsIM IIPO-
TSATOM YCbOTO T€PMIHY IyX/IMHHOTO POCTY (YHKI[iOHA/IPHOI aKTUBHOCTI OCHOBHUX e(peKTOPIB IIPOTUIYXIMHHOTO
imynirery — Mo, ITKK, ITTJI. Hait6inbur BupakeHnM OyB 1i0ro BIUIUB Ha eheKTOopy Hecrenudinoro imyHitetTy Md
ta [TKK. HaiimeH1oro Miporo ekTuH BinBas Ha akTuBHIcTb LITJI, To6TO Ha crienndivHy iMyHHY BifOBifb.

KmrouoBi crmoBa: kapumHoma nereni JIptoic, mextun B. subtilis IMB B-7724, aHTUMeTacTaTW4YHUi eddexr,
Makpodary, IpupoHi KinepHi KIiTUHM, UTOTOKCUYHI mTiMbOnuTH.
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