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Pesome. IMMyHHBIE TIpOlIeCChI, CBSI3aHHbIE C (DOPMUPOBAHUEM YCTOMUYMBOCTHU K MAaTOreHaM B KUIIEY-
HUKe, 3aBUCIAT OT Mukpoouoma. [logaepxxaHue romMeocrasa B KUILIEYHUKE OOECHEUUBAIOT PETYJISITOPHbBIE
T-xnerku. [1pu BocrianuTenbHbIX 3ab0eBaHuIX KuilleyHrKa (B3K) HaOmonal0T Kak HapylieHue hyHKIUU
T-peryasaTopHbIX KJIETOK, TaK U U3MEeHEeHUsI MUKpodopbl. PazBruTHE OCIOXHEHU MTPU ITUX 3a00I€BAHUSIX
COIIPOBOXIAETCS Pa3IMUYHbIMU WHGbeKIUusIMU. OIHAKO HEKOTOPbIE MPEACTABUTEIUM MaTOOMOHTOB, HAIIPpU-
mep Helicobacter spp., MOryT BIuUsATh Ha T-peryjasitopHble KjeTKU. OaHO U3 TeHETUYEeCKUX MoAesei 1JIs
uzydyeHuss B3K gaBisiioTcss Mbliy ¢ HoKayToM reHa Muc2. ¥ Takux Mblieit, kak u y qoaein ¢ B3K, anu-
TeJWaJbHbIE U UMMYHHBIEC KJIETKHA KUWIIIEYHHWKA HAXOISITCS B TECHOM B3aUMOACUCTBUU C MUKPOMIOPOIA.
IMonararoT, YTO UMMYHHbBIC KIETKU JUMMATUIECKUX y3710B Muc2”/- MbIIIeil YyBCTBUTEIbHBI K U3BMEHEHUIO
chopMupoBaBIleiicsd Y HUX MUKPOMJIOPHI, JaXKe €CIU B €€ COCTaB BXOAAT MaTOOMOHTHI. B nTaHHOM ucciaeno-
BaHWUU OBLIO MOKAa3aHO BIUsIHUE IpUCYTCTBUSI Helicobacter spp. Ha KOJIMYECTBO U MTPOLIEHT Pa3JIMYHbBIX TUITOB
JIEMKOUUTOB U T-peryasiTOpHBIX KIETOK B ME3eHTEPUAIBHBIX TUMdaTHIecKuX y3max Muc2”/- mplieit. Ko-
audectBo CD457CD19%, CD457CD3", CD45*CD3*CD4", CD45*CD3*CD8"-K/1eTOK B Me3eHTEpUaIbHbIX
uM@daTUIeCKUX y3j1ax Mbliieir Muc2”- 6bUI JOCTOBEPHO BBILLIE, YEM Y MBbILIEH AUKOTo TiIta Muc2™*. OnHa-
KO HaJinuure MHOeKmun y Muc2/- Mbllleil OTMEHSII0 yBeandeHue konudyectsa CD457CD19%, CD45*CD3*,
CD45"CD3*CD4*, CD45*CD3*CD8*-kJeToK. ¥ MbIlIei aukoro tvia Muc2™* nHdekuus He oKa3biBajia
JIOCTOBEPHOTO 3(PpdeKTa Ha KJIETKU B ME3eHTEepUaIbHbIX JIUMMaTuuecKux y3iax. Takoe U3MEHEHUE B CHU-
JKEHUU UMMYHHBIX KJIE€TOK B ME3E€HTEePHUAIbHBIX JUMMaTUUEeCKUX y31ax nona AciicrBueM Helicobacter spp.
MOKET OBITh CBSI3aHO C aKTUBALIME peryIsaTOpHbIX T-KJIeToK. JleficTBUTEIbHO, OBIJIO MOKAa3aHO, YTO HAJIU-
yue BpoxaeHHoI uHdexkumnu Helicobacter spp. BbI3bIBAIO YBEIUUYEHNE KOJIUYECTBA PETYIITOPHBIX T-KIJIETOK
(CD45*CD4*CD25*FoxP3*) B Me3eHTepUabHbIX JUMPaTuueckux y3nax. M3BecTHO, 4TO peryassTOpHbIe
T-xieTkn obecreyrMBalOT MPOTUBOBOCHAIUTEIbHBIE PEaKIIMU B KUIIEYHUKE. TakKuM 00pa3oMm, yBeaude-
HUE PeryJIITOpHbIX T-KJIETOK CITOCOOCTBYET CHUKEHUIO BCEX TUITOB MMMYHHBIX KJIE€TOK B ME3€HTEepUaIb-
HBIX JTUMdaTUdeCKUX y31ax Mbieii Muc2”/- ¢ undexkuueit Helicobacter spp., 4TO CIIOCOOCTBYET YJIyUILIEHUIO
KU3HEJEATEIbHOCTU 3TUX MbILIEH 1, BO3MOXKXHO, YMEHbIIAET BOCITAJIUTEIbHBIC PEAKIIMU B KUIIEUHUKE. DTO
MOXKET ObITh CBUIETEIBCTBOM TOTO, YTO HEKOTOPHIE TATOOMOHTHI, IPUOOPETEHHBIE C POXKIEHUS, MOTYT ObITh
aKTUBAaTOPaMU PETYJISITOPHBIX MEXaHU3MOB UMMYHUTETA U, TEM CaMbIM, OKa3bIBaTh OJIarONPUSITHOE BO3ACH -
CTBME Ha XO3g1HA.
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LYMPH NODE REGULATORY T-CELL IN Muc2/- MICE WITH
HELICOBACTER SPP.
Achasova K.M., Gvozdeva O.V., Kozhevnikova E.N., Litvinova E.A.

Research Institute of Neurosciences and Medicine, Novosibirsk, Russian Federation
Siberian Federal Scientific Centre of Agrobiotechnology, Russian Academy of Sciences, Krasnoobsk settlement,
Novosibirsk region, Russian Federation

Abstract. The immune processes associated with the formation of resistance to pathogens in the intestine
depend on the microbiome. The maintenance of homeostasis in the intestine is provided by regulatory T-cells.
In inflammatory bowel disease (IBD), both a disturbance of the T-regulatory function and changes in microflora
are observed. Aggravation of the disease is accompanied by various infections. However, pathobionts such as
Helicobacter spp., can affect regulatory T-cells. One of the genetic models for studying IBD is Muc2 knockout
mice. In these mice, as in humans with IBD, intestinal epithelial and immune cells closely interact with the
microflora. It is believed that the immune cells of the lymph nodes Muc2~- mice are sensitive to changes in
the microflora formed in them. In this study, the effect of Helicobacter spp. on the number and percentage of
different types of leukocytes and T regulatory cells in the mesenteric lymph nodes of Muc2~- mice was studied.
The number of CD45*CD19*, CD45"CD3*, CD45*CD3*CD4*, CD45"CD3*CD&"-cells in the mesenteric
lymph nodes of Muc2”- mice was significantly higher to compare with wild-type Muc2*/* mice. However, the
presence of infection in Muc2”/- mice canceled the increase in the number of CD45*CD19*, CD45*CD3",
CD45*CD3"CD4", CD45"CD3*CD8"-cells. In wild-type Muc2*/* mice, infection had no significant effect
on cells in mesenteric lymph nodes. This change in the decrease in immune cells in the mesenteric lymph
nodes under the Helicobacter spp. may be associated with the activation of regulatory T-cells. Indeed, it has
been shown that the presence of a congenital Helicobacter spp. infection increased of the number of regulatory
T-cells (CD457CD4*CD25*FoxP3*) in the mesenteric lymph nodes. Well known that regulatory T-cells
mediate anti-inflammatory responses in the gut. Thus, an increase in regulatory T-cells promotes a decrease
in all types of immune cells in the mesenteric lymph nodes of Muc2~- mice infected with Helicobacter spp. It
could provide an improvement in the vital functions of these mice and possibly reduces inflammatory responses
in the intestine. This may indicate that some congenital pathobionts activate of the regulatory mechanisms of
immunity and, thereby, have a beneficial effect on the host.

Keywords: regulatory T-cells, mucine 2, microflora, Helicobacter, mice
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CD4*FoxP3*T-cells [14]. Clostridium spp. leads to
increased number of regulatory T-cells in the gut
lamina propria and stimulates I1L-10 production [3].
The differentiation of regulatory T-cells can also be
influenced by bacterial metabolites. Butyrate has an
effect on the expression of the FoxP3 transcription
factor gene by CD4*T-cells in mouse colon as well
as in vitro. At the same time, dietary butyrate helps to
ameliorates mouse induced colitis [7].

Muc2 knockout mice (Muc2/-) are one of the
genetic models for studying intestinal inflam-
mation [5]. At the same time, colitis in Muc2/
mice has similar features to ulcerative colitis in
humans [15]. Muc2/- mice are more susceptible to
various pathogens, due to impaired production of
mucin2. In the presence of pathogens, these mice
exhibit acute intestinal inflammation [5]. Thus,

Introduction

Microflora plays an important role in the
formation of intestinal lymphoid tissue, to increase
resistance to pathogens [8]. Regulatory T-cells
controlled by symbiotic microflora are involved in
intestinal homeostasis [4, 9]. It is known that in germ-
free vs. conventional mice (GF) regulatory T-cells
have less suppressive activity [13]. Certain bacterial
species can influence on the function of regulatory
T-cells. Bacteroides fragilis stimulates the production
of anti-inflammatory cytokine IL-10 by CD4"-cells,

preventing development of inflammation in mice [14].
The intestinal colonization of such bacteria in GF
mice stimulates the differentiation of IL-10-producing

Muc2”- mice as IBD model can be used to study a
relationship between changes in intestinal microflora
and intestinal inflammation.
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Previously in our laboratory have been shown
that mice with impaired gut barrier function and
mutation in the gene Muc2 (Muc2”/- Kaiso”/"), are
more sensitive to treatment with antibiotics, and
the elimination of Helicobacter spp, compared to
mice with normal gut barrier function (C57BL/6).
Helicobacter spp. are considered pathobionts, i.e.
show their pathogenic properties only in the presence
of defects in immune function, or under special
environmental conditions. Also Helicobacter spp. can
induce regulatory T-cells [10]. Member of the genus
Helicobacter (H. hepaticus) enable mechanisms that
maintain a non-pathogenic, symbiotic relationship
with the host organism [6]. Thus, the bacteria
Helicobacter spp. found in host from birth, can act as
symbionts, influencing the formation of the immune
system.

Due to the lacked mucin2, the intestinal epithelial
and immune cells are in closer contact with the
microflora. It can be assumed that the immune cells
in regional lymph nodes of Muc2/- mice are sensitive
to changes in microbiota composition. In this study
we examined an effect of inoculated Helicobacter spp.
on number and percentage of different types of
leukocytes and T-regulatory cells in the mesenteric
lymph nodes (LN) of Muc2~- mice.

Materials and methods

The study was carried out on sexually mature
female knockout Muc2 gene knockout mice (Muc27°)
and their littermates with normal gene function
(Muc2*/*). Mice were free of species-specific patho-
gens (SPF) recommended by the Federation of
European Laboratory Animal Science Associations

(FELASA), except for Helicobacter spp. Three to six
females were housed in individually ventilated cages
(Optimice, USA) under an artificial light regimen
(14L: 10D), at a temperature of 20-22 °C. Animals
received chop diet (Ssniff, Germany) and sterile
drinking water ad libitum.

The study was carried out on four groups of mice
(two genotypes with and without Helicobacter spp.,
n = 7 per each group). Mesenteric lymph node cells
were isolated and stained with PE-anti-CD3¢, FITC-
anti-CD4, PE / Cy7-anti-CD8a and PE-anti-CD3e,
FITC-anti-CD19, PE / Cy7-anti-CD4 and APC-
anti-CD25, AlexaFluor488-anti-FoxP3 and True-
NuclearTM Fix (BiolLegend, USA) and analyzed
on a Guava easyCyte 8HT Flow Cytometer (Merk,
Germany).

Data statistical distribution was not normal;
the analysis of the data was performed by using
nonparametric criteria.

Results and discussion

The effect of the groups on the cell number in
mesenteric LNs (mLNs) was found (Kruskal—Wallis
test H(3,25) = 16.08, p < 0.01). The cell number in
mLN of mutant mice born without infection was
higher than in Muc2”/- mice with infection, as well
as in Muc2** mice of the corresponding infection
status (Mann—Whitney U-test Z = 3.03 and Z = 2.85,
p <0.01; Figure 1A). A similar effect was observed for
the number of lymphocyte subsets such as CD19",
CD3*, CD3"CD4*, CD3*CD8" (Figure 1A).

The study of regulatory T-cell subpopulations
revealed an effect of the group on the percentage of
CD25*FoxP3*-cells among CD4"-cells (Kruskal—
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Figure 1. Lymphocytes in mLNs of Muc2” and Muc2** mice

Note. A, cell number of lymphocytes and different lymphocyte subsets in the mLNs. B, percentage of regulatory T-cell subpopulations. *, p < 0.05;

** p <0.01; Mann-Whitney U-test.
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Wallis test H(3,25) = 9.15, p < 0.05). The percentage
of CD25"FoxP3*-cells among CD4"-cells in Muc2~/-
mice with vs. without infection was higher (Mann—
Whitney U-test Z = 2.78, p < 0.01; Figure 1B). The
increased number of such cells was probably due to
upregulated expression of the FoxP3 protein in CD4*-
cells (effect of the Kruskal—Wallis test H(3.25) = 9.47,
p < 0.05). The percentage of CD4*FoxP3*-cells among
lymphocytes was higher in Muc2~- mice with infection
compared to mice without infection (Mann-Whitney
U-test Z = 2.92, p < 0.01; Figure 1B). At the same
time, no such effect was found for the percentage of
CD4*CD25*-cells.

Thus, the presence of Helicobacter spp. in Muc2~/-
mice was associated with increased mLN percentage
of regulatory T-cells ensuring anti-inflammatory
responses in the intestine.

A study of lymphocytes in mLNs showed
that Muc2/- mice bearing Helicobacter spp. had
increased percentage of CD25*FoxP3* regulatory
T-cells compared to mice without infections. These
differences are likely due to increased expression of the
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