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Pesome. B knireunuke oouraet 0oJiee TpUIMOHA OaKTepHii, KOTOphIe HapabaTeiBaioT 10 60% MeTabo-
UTOB X03simHA. [103TOMY KMIIIEUHBIIT MUKPOOMOM UTPACT BaXKHYIO POJIb B PETYJISIIUA UMMYHHOTO OTBETa
Xo3s:MHa. B HacTosImee BpeMs ITOJIydeHO MHOTO TaHHBIX HE TOJIBKO O BIUSHUU ITIPOOMOTUUECKHUX IIITAMMOB
OakTepuil Ha pa3BUTHE MATOJOTHUI, CBSI3aHHBIX C TMCOMO3aMM 1 HAPYIICHUSIMA METaOOJIMYEeCKOro oOMeHa,
HO M O BaXXHOI pOJIM OaKTSpHii B IEUCHUN BOCITAJICHUSI, OHKOJIOTUM M HEMPOAeTeHEPAaTUBHBIX HAPYIITCHUHA.
W3ydeHre BIUSHUS IIPOOHOTUIESCKIX IITAMMOB Ha JICUCHUE Pa3IUIHBIX ITATOJIOT U IIPOBOIST Ha SKCIICPU-
MEHTAJIbHBIX 3KUBOTHBIX C HApYILIEHINEM paObOTHI TeHOB, IIPUBOMSIINX K TaHHOM MaTOIOTUH. 1J1sI HIOHUMAaHMs
MeXaHN3Ma MPSMOTO IECTBUS ITPOOMOTHUKOB UCITOIB3YIOT KJIETKU 3MOPOBBIX MBIIICH MM TIEpEeBUBacMbIC
KYJABTYPBI KJIETOK B in vitro ucciegoBaHusix. OqHaKO IIPOBOIUTCS TOBOJIBHO MaJIo MCCIIeNOBaHWM 3 deKkTa
MPOOMOTUYECKUX IITAMMOB Ha KJIETKU, TMOJyYeHHBIC OT XXKMBOTHBIX C TaTojiorneii. B maHHOiI1 paboTe MbI
HUccenoBaiv GeHOTUN AeHAPUTHBIX KiieTok (1K) mbimeir Muc2”- ¢ mpu3HaKaMl XpOHUYECKOTO BocHaie-
HUSI KMILIEYHUKA U OLICHUBAJIU Kakoul ahdeKT L. johnsonii oka3zbiBaeT Ha (PyHKIIMOHAIbHYIO aKTUBHOCTH I K.
WM3BecTHO, YTO KIIFOYEBBIMU TPU3HAKAMM BCEX DKCIIEPUMEHTATbHBIX MOJEIE BOCTIAJIMTEIbHBIX 3a00JIeBa-
Huit kneyHuka (B3K) saBisiioTcst nCTOHUEHME 3alIMTHOTO MYLIMHOBOTO CJI0SI B KMIIIEYHUKE U U3MEHEHUE
KUIIeuHOI MUKpodJopsl. B Haleit pabote Mbl cpaBHUIN 2(HEKTUBHOCTh co3peBaHusI U akTuBauuu 1K,
MOJIy4eHHbBIX M3 KOCTHOIO MO3Ta Mbllleit ¢ mytauueii B reHe Muc2, u JIK, moaydeHHBIX OT 340POBbIX MbIIIE
Juaun C57BL/6 cBOGOAHBIX OT crielI(UYSCKUX BUIOBBIX IATOIC€HOB. A TaKKe OLEHWIM SKCIIPECCUIO KO-
CTUMYJISITOPHBIX MOJIEKYJI, MPoJrdepaTUBHBIN NHAESKC U BO3MOXHOCTb aKTUBALUU T-peryIsiITOpHOTO OTBE-
Ta 1K, KoTopbie KOTOpbIe OBLI CTUMYJIMPOBAHBI IIPOOMOTUUECKUMU OaKTepUsiMU L. johnsonii.

Anpec 1Jig nepenucKu: Address for correspondence:

Tonuaposa Enena Ilasnosna FElena P. Goncharova

DI'BHY «Hayuno-uccaedoeamenvckuil uncmumym Research Institute of Neurosciences and Medicine
HeUPOHAYK U MeOUYUHbL> 4 Timakova St

630117, Poccus, e. Hosocubupck, ya. Tumakosa, 4. Novosibirsk

Ten.: 8 (383) 335-98-55. 630117 Russian Federation

Dakc: 8 (383) 335-97-54. Phone: +7 (383) 335-98-55.

FE-mail: goncharovaelena@neuronm.ru, Fax: +7(383) 335-97-54.

goncharova-ep @rambler.ru FE-mail: goncharovaelena@neuronm.ru,

goncharova-ep @rambler.ru

O0pa3sen IUTHPOBAHUS: For citation:

E.A. baunosa, E.I1. Tonuaposa, I'.B. Kaamwikosa, E.A. Blinova, E.P. Goncharova, G.V. Kalmykova,

H.U. Akynosa, E.A. Jlumeunosa « Moodyasayus N.1. Akulova, E.A. Litvinova “Lactobacillus johnsonii
Lactobacillus johnsonii 0eHOpummbix Kaemox KOCMHO- modulation of bone marrow-derived dendritic cells generated
M03208020 NPOUCXONCOCHUS Y MbLULCI, HECYUUX HYAEBYH) from mice with null mutation of the Muc2 gene”, Medical
mymauyuro 6 eene Muc2» // Meduyunckas ummyHonoeus, Immunology (Russia)/Meditsinskaya Immunologiya, 2023,
2023. T. 25, Ne 3. C. 587-594. Vol. 25, no. 3, pp. 587-594.

doi: 10.15789/1563-0625-LIM-2831 doi: 10.15789/1563-0625-LIM-2831

© Baunosa E.A. u coasm., 2023 © Blinova E.A. et al., 2023

Ima cmames pacnpocmpansemcs no AUYEH3UU The article can be used under the Creative

Creative Commons Attribution 4.0 Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-LIM-2831

587



baunosa E.A. u op. Meoduyunckas Ummynonoeus
Blinova E.A. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

MeToa0oM MPOTOYHON HUTOMETPUY OLIEHUBAIN IKCITPECCUIO KIIETOUHBIX MAPKEPOB AEHAPUTHBIX U T-Kiie-
TOK C TOMOIIIBIO AHTUTEJI K BHE- U BHYTPUKJIETOUYHBIM Oenkam. [TponudepaTuBHY10 aKTUBHOCTD CILUIEHOLIU -
TOB oLieHUBaJu ¢ rToMolibio WST Ttecra.

B pabote ObLIO MOKa3aHO, UTO AEHAPUTHbIE KJIETKU, MOJYydEeHHbIE U3 KOCTHOTO MO3ra MbIIIER ¢ Hyje-
BOI MyTanmeii reHa Muc2 uMeln He3peablii (heHOTUI IT0 0OCHOBHBIM Mapkepam K. JleHIpUTHBIC KIIETKHA
Muc2/- wmbieir He MorM 3(MGEKTUBHO CTUMYJIUMPOBATh IPpOUdEpalnio asIOTeHHBIX W CHHTEHHBIX
T-xmerok. [Mpobuornyeckuii mramm L. johnsonii OGbUT CIOCOOEH HE TOJIBKO CTUMYJIMPOBATh CO3pEeBaHUE
JEHAPUTHBIX KJIETOK, IMOJIyYEHHBIX OT Muc2”/-Mblllieii, HO M MOBBIIATH 3Kcnpeccuto FoxP3 na CD25*
T-kneTkax, KOTOpbIE KO-KYJIbTUBUPOBAIU C AEHAPUTHBIMU KIETKAMMU.

Takum 06pa3zom, MbI ojaraem, 4YTo JaHHBII NPOOUMOTUYECKUN IIITAMM OAKTEePUIl MOXET CHUXKATh MpU-
3HAKU BOCTIJIEHUS U YMEHbIIATh MPOSIBICHUE MATOJOTUYECKUX HAPYILLIEHUN y MBIlIEH ¢ MpU3HAKAMU pa3-
Butus B3K.

Knrouesuie cnosa: denopumnsie kaemku, Lactobacillus, T-peeyasmopusie kaemku, Muc2, éocnanenue, KuieuHux

LACTOBACILLUS JOHNSONII MODULATION OF BONE
MARROW-DERIVED DENDRITIC CELLS GENERATED FROM
MICE WITH NULL MUTATION OF THE MUC2 GENE
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Abstract. The gut is inhabited by a trillion bacteria that produce up to 60% of the host’s metabolites. The
gut microbiome plays an important role in regulating host immune function. A lot of research concerned the
effect of probiotic on the pathologies associated not only with dysbiosis and metabolic disorders, but there
is breakthrough in the treatment of inflammation, oncology and neurodegenerative disorders. Animals with
mutation of the genes leading to pathology used to assay probiotic effect. To understand direct action of
probiotics, cells derived from control mice or cell culture of tumor genesis in vitro studies are used. However,
there is little research of the probiotic effect on cells derived from mice with pathology. In this study, we assessed
the phenotypes of dendric cells derived from Muc2~- mice with chronic inflammation and assessed the effect
of L. johnsonii on the dendric cells. It is known that the key features of IBD models are thinning of mucin layer
and changes in the intestinal microbiome. We compared the efficiency of maturation and activation of dendric
cells derived from the bone marrow of Muc2”- mice and dendric cells obtained from healthy C57BL/6 mice
free from specific species pathogens. We evaluated the expression of co-stimulatory molecules, the proliferative
index, and the ability to trigger the T regulatory response of dendric cells, which were stimulated with the
probiotic L. johnsonii.

Markers of dendritic and T cells were assessed by flow cytometry using antibodies to extra- and intracellular
proteins. The proliferative activity of splenocytes was assessed using the WST test.

It was shown that dendric cells derived from the Muc2”- had an immature phenotype. Dendric cells of
Muc2~- mice could not effectively stimulate the proliferation of allogeneic and syngeneic T cells. L. johnsonii
was able not only to stimulate the maturation of dendric cells derived from Muc2~- mice, but also to increase
the expression of FoxP3 on CD25" T cell that were co-cultured with DCs.

Thus, we believe that this probiotic bacterium can reduce signs of inflammation and reduce pathological
processes in animals of an experimental model of IBD in vivo.

Keywords: dendritic cells, Lactobacillus, T regulator cells, Muc?2 gene, inflammation, intestine
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Introduction

It is widely accepted that the gut microbiota plays
an important role in multiple functions of the host.
The human gut is inhabited by a trillion of bacteria,
represented by 10* various species. The number of
intestinal bacteria genes by 150 times exceeds the
one of human genes, and its metabolites account
for 60% of all blood metabolites in human body [3].
The microbiome actively participates in regulation
of the host homeostasis, has a systemic effect on the
populations of cells of innate and adaptive immunity,
and provides the supply of certain essential nutritional
components both to the host, as well as to its symbionts
in the microbial community. In a healthy state, these
relationships are well balanced, but disruption of
this balance can contribute to various conditions,
including inflammatory bowel disease (IBD) and
atopy [7].

An association between the gut microbiota
misfunctioning and the risk or presence of specific
human diseases has been published recently [1].
In order to restore the balance, food supplements
containing some beneficial bacteria species, such
as of Lactobacillus and Bifidobacterium genera, are
widely used as probiotics. For example, Lactobacillus
Jjohnsonii is one of the lactobacilli species, which is
used as a probiotic drug. It alleviates the symptoms of
various diseases, such as type I diabetes [8]. However,
the mechanisms by which these individual probiotics
modulate host response and immunity are diverse and
often strain-specific. It has previously been shown
that some lactic acid bacteria can have a direct effect
on DCs, monocytes and tissue macrophages and, to a
lesser extent, on B cells [6].

Currently, studies of the effect of probiotic drugs
on the immune system are carried out on healthy
mice with SPF status, but probiotics are most widely
used to correct the composition of the microbiota in
IBD patients. It is known that key signatures of all
IBD models are the thinning of the protective mucin
layer in the intestine and changes in the intestinal
microflora [2]. One of the IBD model are Muc2-/-
mice carrying a mutation in the Muc2 gene, which
leads to disruption of the protective mucin layer
in the small and large intestines. In our work, we
compared the efficiency of maturation and activation
of DCs obtained from the bone marrow of mice with

a mutation in the Muc?2 gene and DCs obtained from
healthy C57BL/6 mice with SPF status. We also eva-
luated the expression of co-stimulatory molecules,
the proliferative index, and the ability to trigger the
T regulatory response of DCs, which were stimulated
with the probiotic L. johnsonii.

Materials and methods

Generation of bone-marrow-derived dendritic cells

Bone marrow-derived DCs were generated from
bone marrow cells isolated from the femur and tibia of
female 7-8-week-old C57BL/6 and Muc2-/- mice by
flushing out the cells with PBS using a sterile syringe.
The harvested cells were cultured in RPMI-1640
medium supplemented with 10% FCS, 50 ug/mL gen-
tamicin, 100 pg/mL penicillin-streptomycin (Gibco,
China) (complete culture medium). Then, the cells
were pooled and plated on 25 cm? flasks at a density
of 1x10° cell/mL. Subsequently, growth factors
GM-CSF (BioLegend, USA) and IL-4 (BioLegend,
USA) were added into the medium to a final con-
centration of 20 ng/mL. The cells were cultured at
37 °C in a humidified atmosphere containing 5%
CO,. The culture medium was replaced on day 3 with
fresh growth factors. On day 7, the cells were gently
collected by cell scraper from the plate. The cells were
plated into 24-well plates for priming by L. johnsonii
in proportion 1:10 (MOI 0.1) for 2 days in duplicates.

Flow cytometry analysis of DCs phenotype

The cells were collected after incubation, washed
with PBS, 1 x 10° cells were taken into the analysis.
Dead cells were stained with Zombie Violet dye
(BioLegend, USA) diluted in PBS (1:400). Then, cells
were labeled with monoclonal antibodies conjugated
with fluorochromes to surface antigens (BioLegend,
USA): anti-CD11c-APC, anti-CD80-FITC, anti-
CD86-APC/Cy7, anti-CD83-PE/Cy7, anti-I-Ab-
PerCP/Cy5.5. Flow cytometry was performed using
FACS Cantoll flow cytometer (Becton Dickinson,
USA), and the data were analyzed with the BD
FACSDiva 6.0 software.

Mixed lymphocyte reaction

The effect of DCs, primed by L. johnsonii, on
the proliferation of syngeneic and allogeneic sple-
nocytes was assessed by WST-1 method. We obtained
splenocyte suspensions from the spleens of C57BL/6,
Muc2/- and BALB/c mice. The immature DCs were
collected on day 7 and plated on 96-well plate in a
concentration 2 x 10° cells/mL in RPMI-1640 comp-
lete culture medium, supplemented IL-4 (20 ng/mL),
GM-CSF (20 ng/mL). Then, bacteria were added at
MOI 0.1, and DCs were incubated for 2 days at 37 °C
in a humidified atmosphere containing 5% CO,.
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After culturing, DCs were treated with 50 ng/mL
mitomycin C (Roche Diagnostics GmbH, Germany)
for 1h. Then, DCs were washed with RPMI-1640
complete culture medium. 2 x 10° splenocytes in
RPMI-1640 complete culture medium were added
to DCs. The ratio of DCs to splenocytes was 1:10.
Splenocytes without DCs were used as a control. To
measure the proliferation of syngeneic cells we used
splenocytes from C57BL/6 and Muc2”- respectively,
to measure the proliferation of allogeneic cells —
splenocytes from BALB/c for C57BL/6 and Muc2/
DCs. Cells co-cultured in 96-well plate at 37 °C for 72
h in a humidified atmosphere containing of 5% CO,.
Next, WST-1 solution (Roche Diagnostics GmbH,
Germany) was added to each well for an additional
6 h incubation. The optical density was measured at
450 nm with reference at 620 nm by reader Infinite®
F50 (Tecan, Switzerland).

In vitro generation of Treg from naive CD4'T cells

Naive CD4*CD44-T cells were isolated from the
spleens of C57BL/6 and Muc2~- mice using a naive
CD4'T cells isolation kit (Miltenyi Biotec Inc.,
Germany). The immature DCs (2 x 10* cells/well)
cultured with or without L. johnsonii at MOI 0.1 in
RPMI-1640 complete culture medium, supplemented
IL-4 (20 ng/mL), GM-CSF (20 ng/mL) for 2 days at
37 °C containing of 5% CO,. Then, culture medium
was gently discarded from the wells, and syngeneic
purified naive CD4*T cells (2 x 10° cells/mL) added
to DCs for 72 h in a culture medium containing
100 ME/mL of recombinant human IL-2. Brefeldin
A (5 pg/mL; BioLegend, USA) was added to the wells
20 hours before cell harvested to evaluate IL-10"Tregs.

Flow cytometry analysis of Treg

After co-culturing, cells were collected, washed
twice with PBS, then cells were stained with mono-
clonal antibodies against mouse surface (BioLegend,
USA) CD3-FITC, CD4-APC, CD25-PerCP and
intracellular markers (BioLegend, USA) FoxP3-PE,
IL-10-APC/Cy7. For intracellular staining, cells
were fixed and permeabilized using True-Nuclear™
Transcription Factor Buffer Set (BioLegend, USA).
Subsequent analyses were performed by FACS
Cantoll (Becton Dickinson, USA).

Statistical distribution had not normally distribu-
ted data; the analysis of the data was performed by
non-parametric two-way PERMANOVA test with
post-hoc Bonferroni test. All data are presented as
mean =+ standard diversity.

Results and discussion

To analyze the phenotype of bone-marrow
DCs from mice with intestinal inflammation and

investigate the effect of co-culture DCs with probiotic
bacteria we measured expression of co-stimulated
molecules of DCs by flow cytometry. Percentage
of CD80*DCs generated from born-marrow of
Muc2”- mice were significantly lower compared to
C57BL/6 mice DCs (Two-way PERMANOVA test
F(1.17) = 39.33 p < 0.0001) (Figure 1A). At the same
time, DCs priming by L. johnsonii and interaction
of two factors (genotypes and bacteria primering)
did not affect the percentage of CD80*DC (Two-
way PERMANOVA test F(1.17) = 3.59 ND and
F(1.17) = 0.99 ND respectively). Culturing DC
with L. johnsonii significant increased percentage of
CD83*DCs (Figure 1B) (Two-way PERMANOVA
test F(1.17) = 8.60 p = 0.01). However, percentage
of CD83*DC did not depend on mice genotype and
interaction two factors (Two-way PERMANOVA
test F(1.17) = 0.53 ND and F(1.17) = 1.35 ND
respectively).

As for another DC co-stimulatory molecule,
CD86", it depended both on mice genotype and DCs
priming by L. johnsonii (Two-way PERMANOVA
test F(1.17) = 22.55 p < 0.001 and F(1.17) = 26.84
p < 0.001). Thus, higher level of CD86"DCs were
observed in cell obtained from C57BL/6 mice
than from Muc2”/- mice and it was independent on
culturing with or without L. johnsonii. DCs priming
by bacteria led to enhanced CD86 expression
(Figure 1C). Percentage of MHC I-A® DCs depended
on presence of L. johnsonii in cell culture and was
similar between Muc2- and C57BL/6 mice as well as
interaction of two factors (Two-way PERMANOVA
test F(1.17) = 11.62 p < 0.01 and F(1.17) = 0.36 ND
and F(1.17) = 0.05 ND respectively). Thus, addition
of bacteria increased percentage of MHC I-A® DCs of
both genotypes of mice. After priming by L. johnsonii
percentage of CD86"DC became higher in C57BL/6
mice compared to Muc2”- mice (Figure 1D).

To investigate the functional capacity of DCs
treated with L. johnosonii to stimulate allogeneic and
syngeneic T cell proliferation we used WST assay.
Proliferation index depended on mice genotype but
not on treatment of probiotic and interaction of two
factors (Two-way PERMANOVA test F(1.23) = 35.08
p <0.0001 and F(1.23) =0.46 ND and F(1.23) =0.41
ND respectively). Thus, T cell proliferation activity
of DCs generated from C57BL/6 mice was higher
than DCs from Muc2~/- mice and it was independent
of priming by bacteria. However, only proliferation
index of DCs from C57BL/6 mice was higher than
proliferation activity of intact BALB/c splenocytes
(Figure 2A). There was no effect of DCs from Muc2/-
mice to stimulate allogenic T cell proliferation.
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Figure 1. Bone-marrow derived dendric cells from C57BL/6 and Muc2- cultured with and without L. johnsonii
Note. (A) Percentage of CD80DCs gated on CD11b* cells. (B) Percentage of CD83*DCs gated on CD11b* cells. (C) Percentage of CD86*DCs
gated on CD11b* cells. (D) Percentage of MHC I-Ab* DCs gated on CD11b* cells. *, p < 0.05 Post-hoc Bonferroni test; p < 0.01 Effect primed with

L. johnsonii Two-way PERMANOVA test.

On the contrary, syngeneic proliferation index was
dependent on probiotic treatment and interaction
of two factors but not on mice genotype (Two-
way PERMANOVA test F(1.23) = 6.49 p < 0.05
and F(1.23) = 33.88 p < 0.001 and F(1.23) = 0.90
ND respectively). Immature DC from C57BL/6
mice demonstrate more proliferation activity than
DC of Muc2/- mice but treatment with probiotic
reversed it and significantly decreased the index. Cell
proliferation stimulated by mature and immature DCs
was compared to splenocytes proliferation in steady
state without addition of DCs (Figure 2B).

To understand whether DCs are capable of
stimulating T regulatory response, we co-cultured
splenocytes with DCs and assessed the percentage
of CD25*FoxP3* and IL-10" cells. High impact
of culturing DCs with L. johnsonii was detected on
percentage of CD25"FoxP3" cells only (Two-way

PERMANOVA test F(1.23) = 10.99 p < 0.001)
Mice genotype and interaction of two factors did not
affect the percentage of CD25"FoxP3* cells (Two-
way PERMANOVA test F(1.23) = 0.60 ND and
F(1.23) = 0.24 ND respectively). Splenocytes became
tolerogenic (enhanced expression CD25 and FoxP3)
only during co-culture with mature DCs of Muc2”/-
mice that were stimulated with L. johnsonii. Immature
and mature DC of C57BL/6 did not stimulate
activation of T regulatory cells (Figure 2C). At the
same time, there were no effects of any factors to the
percentage of IL-10*T cell (Two-way PERMANOVA
test F(1.23) = 2.98 ND and F(1.23) = 2.38 ND and
F(1.23) = 0.66 ND respectively) (Figure 2D).

Thus, priming by L. johnsonii had no impact on
DCs ability to induce proliferation of allogeneic
splenocytes. However, in Muc2”/- mice functional
capacity of DCs was reduced compared to DCs of
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Figure 2. Co-cultivation of splenocytes and born-marrow derived DCs from C57BL/6 and Muc2” mice cultured with and

without L. johnsonii

Note. (A) Proliferation index of allogeneic T cells of BALB/c mice co-cultured with DCs. (B) Proliferation index of syngeneic T cell co-cultured with
DCs. (C) Percentage of CD25FoxP3T cells co-cultured with DCs. (D) Percentage of IL-10*T cells co-cultured with DCs. *, p < 0.05; **, p < 0.01
Post-hoc Bonferroni test; &, &, Mann-Whitney test: difference from mono cultivation of splenocytes respectively.

C57Bl1/6 mice. This effect is consistent with immature
phenotype of DCs from Muc2”/- mice, which have
lower expression of co-stimulatory molecules CD80,
CD86 and CD83 compared to DCs from C57BL/6
mice. Moreover, DC from Muc2/- culture with
L. johnsonii stimulated tolerogenic cells that could be
associated with immature phenotype of DC.

We have shown that Muc2~- mice that model IBD
generate an immature DC phenotype compared to
control animals. This effect was shown for the first
time. Previous studies have analyzed functions of DCs
from animals without inflammation [4]. The addition
of probiotic bacteria to DC culture stimulated
maturation, but the genotype of mice from which cells
were generated had no impact on maturation. The
immature phenotype of DCs from Muc2- mice shows

a low potential for T cell proliferation, both allogeneic
and syngeneic. Whereas C57BL/6 mature DCs primed
with the probiotic stimulated proliferation of foreign
T cells and reduced the proliferative index of their
own splenocytes. It has been shown that IL-10 is able
to reduce proliferative activity, but in our experiment,
the percentage of IL-10* cells was not changed [10].
At the same time, the immature phenotype DCs from
Muc2~-mice incombination with the probiotic showed
a significant increase in proliferation of tolerogenic
cells. Previously, it was shown that L. johnsonii causes
an increase in TGF and IL-10 production of CaCo,
cells [5]. However, effect on DCs generated from
mice with chronic inflammation was shown for the
first time. In the literature is discussed that immature
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DCs are able to stimulate tolerogenic response more

proliferation of allogeneic and syngeneic T cells.

effectively [9]. L. johnsonii was able not only to stimulate DC ma-
turation, but also to increase FoxP3 expression
on CD25" cells when cultured with DC. It can be
assumed that the probiotic will have a beneficial effect
on inflammation and reduce pathological processes in

animals in vivo.

Conclusion

We have demonstrated impaired growth of DCs
from the bone marrow of mice with a null mutation
of the Muc2 gene, which did not stimulate the
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