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By producing a variety of soluble factors, including cytokines, macrophages (Mph) modulate the
activity of other immune cells and have direct effects on cancer cells. This makes Mph a promising target
for cancer immunotherapy.

Aim. This work purposed to study the effect of the simultaneous use of B. animalis and the lectin of
B. subtilis on the production of some cytokines by Mph in tumour -bearing mice.

Materials and Methods. Female Balb/c mice bearing solid Ehrlich adenocarcinoma (SEA) were treated
with the lectin (s/c, 1 mg/kg body weight) or B. animalis (per os, 7x10° CFU/mouse) or with their
combination. The lectin was isolated from the cultural fluid of B. subtilis IMV B-7724. Lyophilized cells
of B. animalis subsp. lactis BB-12 (Lek Pharmaceuticals, Slovenia) was used as a probiotic. On day 28 of
tumour growth, Mph from the peritoneal cavity (pMph) and tumour nodule (tMph) were isolated and
analyzed for TNF-a and IL-10 production.

Results. The pMph and tMph of untreated mice produced low levels of TNF-o (739.8 and 800.4 pg/mL
respectively) and high levels of IL-10 (1169.8 and 1090.5 pg/mL respectively), the TNF-o/IL-10 ratio was
0.68 and 0.95 respectively. The lectin improved the TNF-o/IL-10 ratio to 1.13 (in the intact mice, it was
1.11). In the combined group, the effect was similar but less profound. The results of the B. animalis
group did not differ from the untreated SEA group.

Conclusions. The changes in the production levels of cytokines indicate the lasting preservation of
Mph functional activity in the tumour -bearers due to the influence of probiotics or their metabolites.
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Macrophages (Mph) attract attention from
researchers due to their ability to rapidly
change their functional properties depending
on the stimuli of the local microenvironment
or therapeutic agents. Depending on the
microenvironmental signal, they polarise into
different phenotypes of proinflammatory
M1 or suppressive M2. Tumour -associated
macrophages (TAMs) are predominantly of
the M2 phenotype. Clinical studies have shown
that the accumulation of M2 TAMs correlates

with poor clinical outcomes [1]. Mph penetrates
the tumour -affected tissues or infiltrates the
microenvironment of various solid tumours.
There, they can force tumour progression
by inducing proliferation, angiogenesis, and
degradation of the extracellular matrix, which
promotes metastasis [2].

On the other hand, M1 Mph can
efficiently eliminate cancer cells, present
cancer antigens, and direct immune
response toward the Thl type [3]. Due to the
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production of a broad spectrum of cytokines,
Mph can regulate the immune response by
enhancing or suppressing the activity of
immune cells. Mph reprogramming is one of
the interventional strategies that is under
intensive study today [4].

The microbiota plays a significant role
in shaping both immunity and tumour —
microenvironment. Data from experimental
and clinical studies suggest a link between the
gut microbiome and the tumour -environment,
especially in the regulation of tumour
-infiltrating Mph. The possible effect of
probiotic bacteria on the immune system is
increasingly attracting interest for potential
therapeutic and prophylactic applications in
various diseases. There is data that probiotic
bacteria have a favourable effect on the
host immunity due to modulation of Mph
polarisation with different strains polarizing
Mph towards different types[5, 6].

However, the precise mechanism by which
microbiota stimulate the anticancer immune
response is poorly understood. The possibility
of enhancing the immunomodulatory effect by
simultaneous application of different bacteria
(or their metabolites) is also under-studied.
This work aimed to study the impact of the
concurrent use of B. animalis and the lectin of
B. subtilis on the production of some cytokines
by Mph in tumour-bearing mice.

Materials and Methods

The study was performed on female Balb/c
mice 2.0-2.5-month-old, weighting 19.0-
21.0 g, breed at the vivarium of IEPOR of NAS
of Ukraine. The use and care of experimental
animals were performed in accordance 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.

Solid Ehrlich adenocarcinoma (EAC) was
used as a tumour model. Cancer cells were
kindly granted by the Bank of Cell Lines from
Human and Animal Tissues, IEPOR of NASU.
Tumour’s cells were injected intramuscularly
into the hind limb (5x10° cells/mouse).

The bacterial lectin was isolated from the
cultural fluid of B. subtilis IMV B-7724, as
described earlier [7].

Lyophilized cells of B.animalis subsp.
lactis BB-12 (Lek Pharmaceuticals, Slovenia)
were used in the experiment as a probiotic.

Animals were divided into five groups
(5 mice per group): IC — intact control;
EAC — tumour — bearing mice that were
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injected with 0.9% NaCl solution; Lectin —
tumour — bearing mice that were injected with
B. subtilis IMB B-7724 lectin (subcutaneously,
1 mg/kg body weight); B. animalis — tumour-
bearing mice that were feed with B. animalis
subsp. lactic BB-12 (per os, 7x10° CFU/mouse);
Lectin + B. animalis — tumour -bearing mice
that were administered with both the lectin
and B. animalis.

On day 28 of tumour growth, peritoneal
(pMph), and tumour-infiltraiting (tMph)
Mphs were isolated and analyzed for TNF-a
and IL-10 production as was described in
[8]. Cytokines concentration was detected
by BD OptEIA Set Mouse TFN-a and BD
OptEIA Set Mouse IL-10 (BD Biosciences,
USA) kits according to the manufacturer’s
recommendations. Statistical analisys was
performed by nonparametric Mann-Whitney
U test using Prism software Version 8.0. The
difference was considered as significant at P
< 0.05.

Results and Discussion

The levels of proinflammatory (TNF-a)
and anti-inflammatory (IL-10) cytokines
production by pMph and tMph of experimental
mice are shown in Figs. 1-2 respectively.
Regardless of the anatomical niche, Mph
of control EAC group mice produced low
levels of TNF-a: pMph — 739.8+7.3 pg/mL;
tMph — 800.4*+23.0 pg/mL. The amount
of IL-10 was high in the supernatants of
both pMph (1169.8+25.2 pg/mL) and tMph
(1090.5%+19.7 pg/mL). The TNF-a/IL-10 ratio
was 0.68 and 0.95 units respectively.

The application of probiotics and/or
lectins led to changes in TNF-a and IL-10
production depending on the agents used.
The lectin injections led to an increase in
TNF-o production (pMph 1.2-fold and tMph
1.3-fold, P < 0.05) and to a simultaneous
decrease in IL-10 production (pMph and
tMph 1.1-fold, P < 0.05). The TNF-0/IL-10
ratio was 1.14 and 1.13 units respectively,
which did not differ from the intact control.
Changes in the cytokine production in the
group of combined application were similar
but less pronounced: TNF-a/ IL-10 was 0.82
and 1.08 units, respectively. Such results
are more typical for proinflammatory
M1 Mph.

The results of B. animalis application
did not differ significantly from the EAC
group: TNF-o/IL-10 was 0.68 and 0.95 units
for pMph and tMph, respectively, which is
typical for Mph with the M2 phenotype. The
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influence on TNF-a and IL-10 production
correlate with the effect on tumour growth.
It was demonstrated that the administration
of the lectin alone or in combination with
B. animalis led to a suppression of tumour
growth (by 55.0 and 50.5%, respectively);
the use of B. animalis alone did not effect on
tumour volume.

Our results are consistent with data
on the immunomodulatory effects of
microbial products obtained in ex vivo and
in vivo studies. It is known that different
species and strains of probiotic bacteria
can modulate Mph function in other ways
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(activate M1 or M2 cells), thus potentiating
or suppressing the immune response [9].
For instance, Bifidobacterium lactis BB-
12 can induce polarisation of M2 Mph,
which results in a decrease in IL-6 and IL-
12 while increasing the IL-10 production
[10]. On the contrary, probiotic strains of
Lactobacillus are prone to stimulate Mph
and dendritic cells to secrete IL-12 and TNF
(M1 cytokines) and thus direct the immune
response towards the Thl type [11]. It gives
a key to influence immune response through
the application of probiotics and bacterial
metabolites.
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Fig. 1. The level of TNF-a and IL-10 production by pMph of treated and control EAC-bearing mice.
* — P <0.05 compared with IC, ** — P <0.05 compared with EAC
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Fig. 2. The level of TNF-a and IL-10 production by tMph of treated and control EAC-bearing mice.
* — P <0.05 compared with IC
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Conclusions

The changes in the production levels of
cytokines indicate the lasting preservation of
Mph functional activity in the tumour -bearers
due to the influence of probiotics or their
metabolites.
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BIIMIHHOCTI BIIJIMBY B. animalis TA JEKTHHY B. subtilis
HA ITPOAYRIIIO DUTORIHIB MAKPO®ATAMHU TBAPHUH 3 IIYXJINHAMHA

H.I. ®@edocosa, H.JI. Yepemwenko, C.B. I'ozonw, T.B. Cumuu,
I.M. Boeiirosa, O.0. JIuxosa, B.®. Yexyn

IHcTUTyT eKcmepuMeHTaAbHOI maToJIorii, oHEKoJIorii i pagiodioaorii
im. P.€. KaBenpkoro HAH Vkpainu, Kuis

E-mail: dn2003@ukr.net

Maxpodaru (M@) 3gaTHi MOLyTI0BAaTH aKTHUBHICTH iHIIINX e(DEKTOPiB MPOTUIYXJNHHOTO iMyHiTETY Ta
BIJIMBATHU Ha B3aEMOJII0 MYXJUHHUX KJIITUH 3 MiKPOOTOUEHHAM 3aBIAKN NPOAYKI[II HUBKU POSUMHHUX
dakTopiB, 30Kpema nmuTokiHiB. Taki BmactuBocTi pobasaTs M@ mprBadbIMBOIO MIillleHHIO AJIsS iMyHOTEpaIil
paky.

Memorw pobotu 6ya0 mocaiguTu BuauB B. animalis Ta metabosaity B. subtilis Ha TPOAYKITiiI0 HUBKU
nuToKiHiB M@ Muireir 3 MoaeIbHOIO ITyXJNHOIO.

Mamepiaau i memodu. Muiawm jsinii Balb/c 3 comigaoto opmoro agenokapuuuomu Epaixa (AKE),
BBOAM/IN GaKTepianbHuil JekTuH (1/mK, 1 Mr/rk Baru), B. animalis (per os, 7x10° KYO/mury) a6o ixHio
KoMOiHamiro. BakrepiaabHuil JeKTUH OTPUMYBAJIU 3 KYyJbTypajbHOl piguuu B. subtilis IMV B-7724.
Jlioginizosaui kiaitunu B. animalis subsp. lactis BB-12 (Lek Pharmaceuticals, Slovenia) Bukopucraui sk
npobioruk. Ha 28-my mo0y pocty nyxjauau BusHavaau piBHI npoaykitii TNF-o ta IL-10 M@, Buginenumu 3
nepuToHeaJ bHOI mopokHUHY (IM@) Ta myxamnaHOI TKaHUHY (TXMdb).

Pesyavmamu. Oaa ntM@ Ta nxM@ vHemikoBanux muiieii 3 AKE xapakTepHi HU3bKi piBHI mpomyKILii
TNF-a (BizmoBiguo 739,8 Ta 800,4 pg/mL) ta nigsumieni pisui IL-10 (BignoBiguo 1169,8 Ta 1090,5 pg/
mL), criBBiguomenua TNF-o/ IL-10 cranoBuiio 0,68 ta 0,95 ym.ox., BinmosigHo. BBenenua 6akTepiaabHOTO
JEeKTUHY Npu3Boamio a0 Hopmasidamnii mokasdaukiB: TNF-o/IL-10 = 1,13 (upotu 1,11 B iHTAKTHOMY
KOHTPOJIi). 3MiHM PiBHIB IpOoAyKIlil ITUTOKiHIB 38 KOMOiHOBAaHOTO 3aCTOCYBaHHS OaKTepialbHOTO JIEKTUHY
Ta B.animalis 6ya1u aHaJoOriuHMMU, ajie MEeHII BupakeHuMu. IIpu 3acTrocyBaHHiI okpemo B. animalis
IOCJIiIKeHi TOKa3HUKY CTATUCTUYHO TOCTOBipHO He BigpisHanucs Bix rpynu AKE.

Buchosxu. 3MiHU PiBHA IPOAVKIII MUTOKiHIB cBimuaTh mpo TpuBaje 36epeskeHHA PYHKIIOHATBHOI
akTuBHOCTI Mph y HOCiiB myXJ/IMHU BHACIiIZOK BILINBY IPOOioTUKIB a0 ixHiX MeTaboiTiB.

Knawuosi cnosa: makpodaru, iutokinu, B. animalis, 6akTepiaabHuil JeKTHUH, paK.
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