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MO Y/IbHOE BJIMAHUE ITPOBMOTUYECKOV TEPAIIUI
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I BopoXKHAKOBa DMMIN ',
dvoroz@saske.sk

Baprosa Mupocnasa',
JlaykoBa AHpipea?,

PeBaitoBa Buepa?

AHHOTAIUA

BaxkHbIMM KOMITOHEHTAaMU UIMMYHMTETA CIM3UCTON 000J0UKY KUIEYHUKA SIBJISI-
I0TCSl CBOOOIHBIE MHTPAMUTEIMATIbHBIC TUMMOLUTHI U lamina propria nuMdo1u-
ThI, YYaCTBYIOIIIME B PETYJISIIIMU U aKTUBHOCTH MMMYHHOTO OTBEeTa. DTO MCCIeI0-
BaHWE BBISIBWJIO TIPUCYTCTBUE BermoMorareibHbIX CD4 1 murtotokcnyeckux CDS8
T-mamdonuToB 1 B-muM@oMTOB B TOHKOI KUIIIKE MBIIICH, TTOTy4aBIINX IIPO-
OuoTuYecKue TaMMbl U MHGUUMpPOBaHHBIX Trichinella spiralis. IllTammbl 6akTe-
puii paznuuHoro npoucxoxnaeHus (Enterococcus faecium CCM8558, Enterococcus
durans ED26E/7, Lactobacillus fermentum CCM7421, Lactobacillus plantarum
17L/1) BBommiu exeaHeBHo B no3e 10° K ®E/mi B 100 MKJI, ¥ MbIIIK ObLIM 3a-
paxenbl 400 mumanHkamu 7. spiralis Ha 7-ii nedb neuenus. L. fermentum CCM7421
u L. plantarum 17L/1 yBennuuBaiu KoamdecTBo xearepHbix CD4 T-Ki1eTok B amm-
Teanu 1 uutotokcndeckux CD8 T-ki1eTok B COOCTBEHHOM MIaCTUHKE CIU3UCTOM
000JI0YKM Ha 7-ii AeHb BBeNEHUs (I0 mapasuTapHoil mHbekuuun). MHbekims
T. spiralis BbI3bIBaa 3HAYUTEIbHOE MHIMOMPOBAHUE UCCIIEAYEMBIX CYOITOITyJIsi-
Uit TMMOOIIUTOB ¢ 5-T0 10 25-1i AeHb Toche 3apaxeHus (11.3.). JIakTooauIbl
BOCCTaHaBIMBaIN KojimuecTBO CD4 T-KJIeTOK B SMUTEINM M COOCTBEHHOI TLIac-
TUHKE Ha YPOBHE 30pOBOT0O KOHTpOJIs ¢ 11 mHs 11.3. Bee mraMMbl cTUMYyTMpOBa-
1 KoandyecTBo CD8 T-kieToK y MHGUIIMPOBAHHBIX MBIIIEH, HO TTI0 CPaBHEHUIO
¢ koHTposieM, CD8 T-kyieTku ObUIM YMEHBIIEHbI B 3MUTEAUMU A0 25 OHS 11.3. U B
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COOCTBEHHOU TIACTMHKE TOJIBKO Ha 5 meHb m.3. [Ipobuornyeckasi Tepanusi He
BJMsIIa Ha MHrMOupoBaHue B-kietok (CD19) B ToHKOI KUIIKe Mocie MHOEKIMU
T. spiralis 1o 25 nHs M.3., HO CTUMYJISILUS B-Kj1eTOK Obljia 0OHapyXeHa MocJjie BBe-
nenust E. durans ED26E/7 v L. fermentum CCM7421 Ha 32 nexb 11.3. TTojiyueHHbIe
PE3yIIBTaThl MMOATBEPAVIIN IITAMMOCTIEITN(PUIECKIUT MMMYHOMOIYIUPYIOIINiA 3(h-
dexT mpodbuoTnueckux 6akrepuit. Hanbdonpmit *MMyHOMOIYTUPYIOIINiA TTOTEH-
main st CD4 u CD8 T-nuMdonuToB KUllleYHUKA BO BpeMst uHGekuuu 1. spiralis
obl1 11 monTBepauau L. fermentum CCM7421 u L. plantarum 17L/1. llltammbl
E. faecium CCM8558 u E. durans ED26E /7 ak TMUBUPOBaJIU TOJIBKO LIUTOTOKCHYEC-
kre CD8 T-kJieTKU B COOCTBEHHOM MJIACTUHKE CIIM3UCTON 0O0JIOUYKH.

Kimouesble ciioBa: mpodnoTnyeckre 6akTepru, TMMOOILUTHI, TUMQOLIUTHI COOCTBEH-
HOI IacTuHKy, Trichinella spiralis.
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Abstract

Important components of the intestinal mucosal immunity are free intraepithelial
and lamina proprialymphocytes involved in the regulation and activity of the immune
response. This study detected the presence of helper CD4 and cytotoxic CD8 T
lymphocytes, and B lymphocytes in the small intestine of mice treated with probiotic
strains and infected with Trichinella spiralis. Bacterial strains of different origin
(Enterococcus faecium CCM8558, Enterococcus durans ED26E/7, Lactobacillus
fermentum CCM7421, Lactobacillus plantarum 17L/1) were administered daily in

nstitute of Parasitology, Slovak Academy of Sciences (Hlinkova 3, 040 01 Kosice, Slovak
Republic)

2Institute of Animal Physiology — Centre of Biosciences, Slovak Academy of Sciences (Kosice,
Slovak Republic)

3 University of Veterinary Medicine and Pharmacy in Kosice (Slovak Republic)

Brimyck 20



Teopnsa 1 nmpakTuka 60pbOBI ¢ Mapa3UTAPHBIMIL OO/IE3HAMU 743

dose of 10°CFU/ml in 100 pl and mice were infected with 400 larvae of T. spiralis
on 7" day of treatment. L. fermentum CCM7421 and L. plantarum 17L/1 increased
numbers of helper CD4 T cells in the epithelium and cytotoxic CD8 T cells in the
lamina propria on 7" day of administration (before parasitic infection). 7. spiralis
infection caused a significant inhibition of examined lymphocyte subpopulations
from 5 to 25 days post infection (p.i.). Lactobacilli restored the CD4 T cell numbers
in the epithelium and lamina propria on the level of healthy control from day 11
p.i. All strains stimulated the numbers of CD8 T cells in infected mice, but in
comparison to control, CD8 T cells were reduced in the epithelium until day 25
p.i. and in the lamina propria only on day 5 p.i. An inhibition of B cells (CD19) in
the small intestine after 7. spiralis infection was not affected by probiotic therapy
till day 25 p.i., but a stimulation of B cells was found after treatment with E. durans
ED26E/7 and L. fermentum CCM74210on day 32 p.i. The obtained results confirmed
the strain-specific immunomodulatory effect of probiotic bacteria. The greatest
immunomodulatory potential on the gut CD4 and CD8 T lymphocytes during 7.
spiralis infection was confirmed by L. fermentum CCM7421 and L. plantarum 17L/1.
Strains E. faecium CCM8558 and E. durans ED26E/7 activated only cytotoxic CD8
T cells in the lamina propria.

Keywords: probiotic bacteria, intraepitelial lymphocytes, lamina propria lymfocyty,
Trichinella spiralis.

Introduction. The nematode Trichinella spiralis causes an intestinal and
tissue disease — trichinellosis characterized by the enteritis (induced by
adult worms) and the inflammation with degenerative changes in the skeletal
muscles (induced by larvae). Effector mechanisms against Trichinella
are dependent on T cells that induce inflammatory changes, cytokine
and antibody response. The gut epithelium includes a heterogeneous
T lymphocyte population, most of which are cytotoxic CD8 T cells,
furthermore helper CD4 T cells, and regulatory T cells. In the lamina
propria, there is present a large number of B cells and IgA-producing plasma
cells, CD4 T cells, macrophages and dendritic cells.

The intestinal microbiota significantly affects the development, maturation,
and modulation of the immune system in infections. Probiotic strains
with a health benefit are able to inhibit and compete with pathogens,
enhance mucosal barrier activity, modulate the host immune response and
have an anti-parasitic effect. Gut microbiota strongly interfere with the
pathophysiology of parasitic infections, determine the parasite survival and
the outcome of parasitic infections. On these bases, there is a growing interest
in explaining the interactions between the microbiota, immune response,
inflammatory processes, and intestinal parasites. The aim of this study was
to detect the presence of helper CD4 and cytotoxic CD8 T lymphocytes,
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and B lymphocytes in the small intestine of mice after probiotic therapy and
Trichinella spiralis infection.

Materials and methods. Animals (BALB/c mice) were divided into 6 groups:
Control (n = 21) — healthy mice without treatment and infection; Group
I(n = 21) — T. spiralis infection without the administration of bacterial
strains; Group 2 (n = 21) — E. faecium CCM8558 + T. spiralis; Group 3 (n
=21) — E. durans ED26E/7 + T. spiralis; Group 4 (n = 21) — Lactobacillus
Sfermentum CCM7421 + T. spiralis; Group 5 (n = 21) — L. plantarum 17L/1
+ T. spiralis. Probiotic strains were administered per os daily at a dose of
109 CFU/ml in 100 pl and mice were infected per os with 400 7. spiralis
larvae/mouse on day 7 of treatment. Probiotic strains (Institute of Animal
Physiology, Kosice): E. faecium CCM8558 is an environment-derived strain
producing enterocin M. E. durans ED26E/7 was isolated from traditional
ewes milk lump cheese, producing durancin-like bacteriocin. L. plantarum
17L/1 was isolated from stored ewes cheese. L. fermentum AD1 = CCM7421
is a canine-derived strain.

Intra-Epithelial (IEL) and Lamina Propria Lymphocytes (LPL) were
isolated and purified by the modified method of Solano-Aguilar et al.
(2000). Immunophenotyping of lymphocytes was determined by direct
immunofluorescence. Lymphocytes were labelled with rat anti-murine
CD4+ FITC (fluorescein isothiocyanate), CD8+ PE (phycoerythrin) and
CD19+ FITC conjugated monoclonal antibodies. The cells were measured
and analysed by a flow cytometer FACScan, with software Cell Quest. The
results were processed with one-way ANOVA and post hoc Tukey test.

Results. A significant increase in the number of helper CD4 T cells in the
epithelium and cytotoxic CD8 T cells in the lamina propria was already
detected after 7 days of administration of lactobacilli (before the parasitic
infection). During the intestinal and early muscle phase of T. spiralis infec-
tion there was found a significant decrease in lymphocyte subpopulations
in the epithelium and /amina propria of the small intestine. Lactobacilli
restored the CD4 T cell numbers in the epithelium and lamina propria on
the level of healthy control from day 11 p.i. Enterococci had no influence
on CD4 T lymphocytes, except of day 11 p.i., when these cells were stimu-
lated in the lamina propria to the control level. The CD4 T-cell subset plays
a key role in worm expulsion from the gut, because they regulate the gut
physiology (e.g. inflammation, hypercontractility, mucus hypersecretion),
but CDS8 T cells are not associated with this process.

A significant stimulation of intraepithelial CD8 lymphocytes was recorded
after the administration of all probiotic strains on days 11 and 18 p.i.,
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however, they not reached the level of control. After administration of
lactobacilli and enterococci, the number of CD8 T cells was normalized
to the level of healthy mice in the gut epithelium on days 25 and 32 p.i.,
whereas in the lamina propria these cells were restored from day 11 p.i.
Transfer of cytotoxic CD8 T cells from the lamina propria to the intestinal
epithelium can contribute to antiparasitic defense and reduce the number
of larvae in the host.

The increased numbers of both T cell subpopulations during the muscle
phase of trichinellosis could be a result of the development of host immune
response to adult and larval antigens and development of memory CD4,
CDS8 T lymphocytes, and B lymphocytes.

The presence of CD19 B cells in the small intestine was significantly
reduced in all experimental groups till day 11 p.i., afterward their numbers
in the epithelium and lamina propria increased slightly. Newborn larvae can
be destroying with the mechanism of antibody-dependent cell-mediated
cytotoxicity before they reach the muscles. A stimulation of B cells after
treatment with E. durans ED26E/7 and L. fermentum CCM7421was found
on day 32 p.i.

Conclusion. Changes in IEL and LPL subpopulation after probiotic therapy
indicate a positive modulation of the gut immunity in 7. spiralis infection
and perspective use of tested probiotic strains in therapy of trichinellosis.
An activation of the T cells in the small intestine of mice infected with T.
spiralis can contribute to worm expulsion from the gut and stimulated an
anti-parasitic immune response also in the muscle phase of infection.
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