Experimental immunology

DOIL: https://doi.org/10.5114/ceji.2020.101237

Prebiotics can change immunomodulatory

properties of probiotics

PAVLINA SREDKOVA, TSVETELINA BATSALOVA, DZHEMAL MOTEN, BALIK DZHAMBAZOV

Plovdiv University, Bulgaria

Abstract

Beneficial effects of probiotics and prebiotics are mainly related to modulation of compositions and
activities of gut microbiota as well as manipulation of immunological reactivity in autoimmune diseases.
In the present study, we examined whether metabolic products from different strains of Lactobacillus
brevis cultured with different prebiotics have similar immunomodulating properties on immune cells
under normal and inflammatory conditions, using mouse model of collagen-induced arthritis (CIA). Two
strains of Lactobacillus brevis (3448 and 8429) were cultured with four different prebiotics, such as
xylooligosaccharides, inulin, pectin, and chitosan. Sterile supernatants containing different metabolic
products have been used for direct treatment of cell cultures prepared from ClI-immunized mice and
non-immunized (control mice). Our results showed that metabolic products from XOS decreased levels
of IFN-y, IL-6, IL-17, and TNF-o. in both cultures from immunized and non-immunized mice. In con-
trast, metabolic products from inulin, pectin, and chitosan increased concentrations of these cytokines
with highest values for pectin. Neither of investigated prebiotics influenced the secretion of IL-10. In
addition, we found changes in the percentage of macrophages, which were different for the tested pre-
biotics. Also, metabolic products from pectin and chitosan caused loss of T-cells (CD3+) and increased
percentages of CD4*CD25* regulatory T cells and CD8*CD279* anergic T cells. Hence, our data
indicate that immunomodulating properties of probiotics are strain-specific and prebiotic-dependent.
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Introduction

Gut microbiota has a major impact on gastrointes-
tinal metabolism and nutrient absorption, and thereby
plays a critical role in maintaining good health in humans.
During the last years, different probiotics and prebiotics
have been suggested as an effective approach for health
improvement by using their capacity to modulate the im-
mune system. The immune response to microbiota is real-
ized mainly via Toll-like receptors (TLRs) expressed on
macrophages, neutrophils, epithelial cells, dendritic cells,
and T- and B-cells [1, 2]. It has been shown that probiot-
ics may induce production of TNF-a, IL-1b, IL-6, IL-10,
IL-12, and IL-23, and also stimulate other non-specific sig-
nal pathways of the immune system [3, 4]. Lactobacillus
and Bifidobacterium are the most used genera for isolation
of probiotic strains with desired beneficial effects [5].

Composition of gut microbiota, appropriate balance
between commensal microorganisms and pathogens as
well as microbial-produced signals play essential roles in
the immune development, homeostasis, and tolerance [6].
Disruption of this balance may cause autoimmune disor-
ders associated with chronic inflammation, such as inflam-
matory bowel disease (IBD) or rheumatoid arthritis (RA).

(Cent Eur J Immunol 2020; 45 (3): 248-255)

As an autoimmune chronic disease, RA is character-
ized by joint inflammation, significant pain, stiffness, pro-
gressive joint destruction, and functional disability. Few
data are available on the effects of probiotic supplementa-
tion in patients with RA. Oral intake of Lactobacillus casei
01 alone or a probiotic mix of L. acidophilus, L. casei, and
Bifidobacterium bifidum for 8 weeks resulted in improved
disease activity score of 28 joints (DAS-28), reduced
production of proinflammatory cytokines (IL-1f, IL-6,
IL-12, IL-17, IFN-y, and TNF-a), decreased serum levels
of insulin and high-sensitivity C-reactive protein (hs-CRP),
and increased concentrations of IL-10 and TGF-f in pa-
tients with RA compared with a placebo group of patients
[1, 2, 7]. Also, in several studies performed with animal
models for RA, oral administration of probiotics presented
decreased levels of proinflammatory cytokines, lower inci-
dence, and reduced clinical arthritis scores [8-12].

In addition to IBD and RA, it was proposed that var-
ious other diseases and dysfunctions are associated with
an imbalance or dysregulation of the microbiota [13, 14].
Hence, the restoration of this balance and treatment of as-
sociated disorders by using probiotics, prebiotics, or their
combinations (synbiotics) is a new challenge for clinical
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studies. Since probiotics affect the immune responses in
a strain-specific manner [15, 16], most of the researchers
are trying to find bacterial strains with specific beneficial
properties and to enhance these properties by using selec-
tive substrates (prebiotics), which facilitate the growth of
probiotic bacteria. Although the oligosaccharides are the
most common used prebiotics, the list of new prebiotic
candidates is steadily growing. Different non-digestible
carbohydrates used as energy sources can modify the gut
microbiota in various ways promoting different bacterial
species, and these modifications were found at a level of
individual strains and species rather than at a phylum or
family level [17]. Therefore, the beneficial effects of pro-
biotics on the human health are strain- and prebiotic-de-
pendent.

In the present study, we investigated the immunomod-
ulating properties of metabolic products from two strains
of Lactobacillus brevis (3448 and 8429) cultured with four
different prebiotics (xylooligosaccharides, inulin, pectin,
and chitosan). A cytokine secretion and profile of immune
cells in inflammatory conditions using a collagen-induced
arthritis (CIA) model, an animal model for RA, were also
examined.

Material and methods

Bacterial strains (probiotics) and supplements
(prebiotics) tested

Lactobacillus brevis NBIMCC 3448 and L. brevis
NBIMCC 8429 were purchased from the National Bank for
Industrial Microorganisms and Cell Cultures (NBIMCC),
Sofia, Bulgaria. The bacterial cultures were obtained by
using 0.2% inoculum from stocks stored at -80°C in de
Man, Rogosa and Sharpe (MRS) medium containing 20%
glycerol. After thawing, Lactobacillus strains were grown
in MRS broth (Merck, Germany) at 37°C for 18-24 hours.
MRS cultures were then subcultured in fresh Dulbecco’s
modified Eagle’s (DMEM) medium (Gibco, Invitrogen,
USA) without antibiotics and fetal calf serum (FCS). The
MRS cultures were centrifuged at 4000 rpm/min, 4°C for
15 minutes and, after removal of the MRS supernatant,
the cells were resuspended in DMEM and divided in sepa-
rate vessels before prebiotics addition. Prebiotic solutions
were added to the bacterial cultures to a final concentra-
tion of 15 mg/ml. Control samples included prebiotic-free
DMEM. The cultures were grown for 18 hours at 37°C.
At the end of incubation period, the cultures were centri-
fuged for 15 minutes at 4000 rpm/min, 4°C, and cell-free
supernatants were sterilized using Minisart® NY25 0.2 um
with polyamide syringe filters (Sartorius Lab Instruments,
Goettingen, Germany). The sterile culture supernatants
were stored at -20°C prior in vitro experiments.

Four different commercially available prebiotic sub-
stances were tested, including xylo-oligosaccharide (XOS;
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Shandong Longlive Bio-Technology, Shandong, China),
inulin (Haya Labs, Washington DC, USA), apple pectin
(Sigma-Aldrich, Saint Louis, MO, USA), and chitosan
1000 (Equilibra, Torino, Italy). XOS, inulin, and pectin
were dissolved in sterile DMEM without antibiotics and
FCS, and stored at 4°C until use. The chitosan 1000/chro-
mium chloride powder was dissolved in sterile DMEM
containing 0.1M acetic acid to prepare a stock solution of
50 mg/mL.

Animals and induction of arthritis

DBA/1 mice were originally obtained from Jackson
Laboratories (Bar Harbor, ME, USA). A total of 8 male
DBA/1 mice (8 weeks old, 19-22 g) were used in this
study. Mice were kept in a climate-controlled environment,
with 12 h light/dark cycles in polystyrene cages contain-
ing wood shavings. They were fed standard rodent chow
and water ad libitum under standardized and pathogen-free
conditions.

For induction of collagen-induced arthritis (CIA), four
mice were injected with 100 pg of bovine CII (Sigma-Al-
drich, Saint Louis, MO, USA), emulsified 1:1 in CFA
(Difco Laboratories, Detroit, MI, USA) at the base of tail,
with a total volume of 100 ul. The other four mice (con-
trol group) were injected with 100 pl sterile DPBS (Gib-
co, Life Technologies, Grand Island, NY, USA). Four-
teen days later, mice were sacrificed, and draining lymph
nodes and spleens were taken to analyze in vitro cytokine
production and cellular immune phenotype. Lymph node
cells (LNC) were isolated and passed through a 40 um
cell strainer (FALCON®, Becton Dickinson, Le Pont De
Claix, France). Single cell suspensions were washed twice
with DPBS (Gibco, Life Technologies, Grand Island, N,
USA). Spleens were removed, homogenized, and red blood
cells were lysed with 0.84% ammonium chloride solution
(pH 7.4). After passing the cells through a 40 pm cell
strainer, cells were collected by centrifugation and washed
twice with serum-free DMEM. Isolated LNC and spleno-
cytes from the four CII-immunized mice were pooled.
The same was done with the cells from non-immunized
animals (control mice). Then, the prepared two groups of
cells (primed and control) were used in the in vitro assays.

All animals-related procedures were performed ac-
cording to the European Community regulations for an-
imal experiments and were approved by the local Ethical
Committee for Animal Experiments (approval number:
94/11.03.2014).

In vitro activation assay

The prepared cells were adjusted to 1 x 10° cells/mL
and re-stimulated with 50 ug/mL bovine CII in DMEM
supplemented with 10% heat-inactivated FCS (Gibco, Life
Technologies, Grand Island, NY, USA), 100 U/mL peni-
cillin, and 100 ug/ml streptomycin (Sigma-Aldrich, Ger-

249



Pavlina Sredkova et al.

many). The cells were cultured in 96-well plates (Thermo
Fisher Scientific, Nunclon™Delta Surface, Roskilde, Den-
mark) at 37°C in a 5% CO,-humidified incubator for 48 h
in the presence of 20% metabolic products (supernatants
from the probiotic strains cultured with different prebiot-
ic supplements). The control samples were supplemented
with DMEM. All samples were plated in triplicates. At
the end of incubation period, supernatants from each sam-
ple well were collected for measurement of cytokines and
frozen at -20°C until further use. The cells were analyzed
immediately by flow cytometry.

Enzyme-linked immunosorbent assay (ELISA)
for cytokine detection

The levels of IFN-y, IL-6, IL-17A, TNF-a, and IL-10
cytokines in the supernatants collected after in vitro stimu-
lation were measured using commercially available specif-
ic ELISA kits from R&D Systems Inc. (Minneapolis, MN,
USA) according to the manufacturer’s recommendations.
The absorbance was measured at 450 nm in a microplate
reader (ELx800™, BioTek Instruments, Winooski, VT,
USA) and cytokine concentrations were calculated ac-
cording to the standard curves from values of recombinant
cytokines.

Flow cytometry (FACS) analysis

At the end of in vitro stimulation, the cells were stained
by using a 10-color panel from fluorochrome-labeled an-
tibodies directed to different murine cell surface markers,
including CD3, CD4, CDS, CD11b, CD19, CD25, CD45,
CD279(PD-1), MHCII, and LIVE/DEAD (BD Bioscienc-
es, San Jose, CA, USA). The flow-cytometric analysis
was performed according to standard settings on an LSR
II flow cytometer (BD Biosciences, San Jose, CA, USA).
Debris and dead cells were excluded from the evaluation
by common gating procedures. Flow cytometry data were
analyzed by FlowJo software (FlowJo LLC, USA).

Statistical analysis

Results are expressed as mean values +standard devi-
ation (SD). To compare non-parametric data for statistical
significance, the Mann-Whitney U-test or Kruskal-Wallis
test were applied using StatView program (SAS Institute).
Values of p < 0.05 were considered significant. All results
were compared to those from the controls.

Results

This study was designed to evaluate whether the met-
abolic products from two strains of Lactobacillus brevis
(3448 and 8429) cultured with four different prebiotics as
energy sources provide similar immunomodulatory effects
under normal and inflammatory conditions. As shown in
Figure 1A, the production of IFN-y significantly decreased
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in both groups (control and immunized mice), when the
murine cells were co-cultured with metabolic products
received from L. brevis 3448 and xylooligosaccharides
(XOS). Also, similar results were obtained for the other
probiotic strain (L. brevis 8429), when it was grown with
XOS (Fig. 1B). In contrast, metabolic products obtained
from L. brevis 3448 grown with other prebiotics (inulin,
pectin, and chitosan) showed elevated secretion of IFN-y
with highest values for pectin (Fig. 1A). For the other strain
(L. brevis 8429), an increased production of IFN-y with
statistical significance was observed only for the pectin in
both cell cultures, from non-immunized and CII-immunized
mice (Fig. 1B). Data showed that metabolic products from
the 8429-strain cultivated with the other prebiotics (inulin
and chitosan) did not significantly change the production of
IFN-y compared to the controls (Fig. 1B).

Metabolic products from both bacterial strains (3448
and 8429) and XOS also inhibited IL-6 secretion com-
pared with the control group in murine cultures from im-
munized and non-immunized mice (Fig. 1C and 1D). This
decrease was most prominent in L. brevis 3448-strain and
in the group of CII-immunized mice (Fig. 1C). Increased
levels of IL-6 were found in all murine cell cultures af-
ter the treatment with metabolic products from pectin and
chitosan, with higher values for the group of immunized
and CllI-re-stimulated mice (Fig. 1C and 1D). Slightly,
but statistically significant increased production of IL-6
was observed only in the group of immunized mice when
the cells were co-cultured with metabolic products from
L. brevis 3448-strain and inulin (Fig. 1C). With few excep-
tions, it seems that the combination of L. brevis and inulin
as a prebiotic does not lead to immunomodulatory effects
on mammalian cell cultures.

ELISA test results showed lower levels of IL-17 com-
pared to the controls in the group of non-immunized mice,
when the immune cells were treated with metabolic prod-
ucts from L. brevis 3448-strain grown on either XOS or
inulin (Figure 1E). Increased concentrations of IL-17 were
detected in this group as well as in the group of immunized
mice, when the cells were co-cultured with products from
L. brevis 3448 grown on pectin and chitosan (Fig. 1E).
Regarding L. brevis 8429-strain, we detected lower con-
centration of IL-17 after growing with XOS and higher
concentration of IL-17 after growing with pectin. These
changed were observed only in the group of immunized
mice (Fig. 1F).

All supernatants derived from the culturing of L. brevis
3448 with four different prebiotics (XOS, inulin, pectin,
and chitosan) resulted in a stimulation of TNF-a. secretion
in the group of cell cultures from the control (non-immu-
nized) mice (Fig. 2A). In the group of immunized mice,
metabolic products after growing with XOS reduced the
production of TNF-o compared to the control, while those
from the growth with pectin and chitosan, increased the
concentration of TNF-a (Fig. 2A). Again, inulin had no
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Fig. 1. Effects of the metabolic products from two strains of Lactobacillus brevis grown with different prebiotics (xylo-
oligosaccharides, inulin, pectin, and chitosan) on the cytokine production of IFN-y, IL-6, and IL-17 in murine cultures
prepared from lymph nodes and splenocytes from non-immunized (control) mice and CII-immunized mice after 48 h of
exposure. As negative controls, cell cultures without stimulation with metabolites from prebiotics (only medium) were
used. Results are expressed as mean +SE of triplicates, with * p < 0.05
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Fig. 2. Influence of the metabolic products from examined probiotic strains and prebiotics on the secretion of TNF-o and
IL-10 in murine cultures prepared from lymph nodes and splenocytes from non-immunized (control) mice and CII-im-
munized mice after 48 h of exposure. As negative controls, cell cultures without supplementations (only medium) were
used. Results are expressed as mean +SE of triplicates, with * p < 0.05

effect on the cytokine production from the immune cells
under inflammatory conditions. When we tested the su-
pernatants from L. brevis 8429-strain grown with investi-
gated prebiotics, only XOS had a significant effect on the
production of TNF-a, decreasing its concentration in both
cultures, from the control and immunized mice (Fig. 2B).

Surprisingly, no cell from the supernatants derived
from the two L. brevis strains grown in the presence of the
four prebiotics had an effect on the production of IL-10
neither in the control nor in the immunized mice groups
(Fig. 2C and 2D).

We also performed FACS analysis to determine
whether the investigated metabolic products can induce
changes in the main immune cell subsets. FACS analysis
showed that expression of CD45* as a whole, decreased in
all samples from the immunized mice compared to those
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from the control (non-immunized) mice (Table 1), even
for the non-treated cells (medium only). As expected, this
tendency remains for the next marker (CD19*) indicating
that the decrease is related to reduction of B-cells due to
their differentiation into plasma cells after immunization/
activation, but not to the tested metabolic products. When
we analyzed the T-cell population (CD3*), we found a re-
duction of T-cells after the treatment with metabolic prod-
ucts from pectin and chitosan, and this effect was stron-
ger in cultures from the control mice (Table 1, CD3%, in
bold). Consequently, this is the reason for an additional
decrease of CD45* cells after the treatment with pectin or
chitosan (Table 1, CD45*, in bold), which means a loss
of T-cells. Probably, in the cultures from CII-immunized
mice, this loss is partially compensated by the proliferation
of CllI-specific T cells after CII re-stimulation. Significant
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Table 1. Analysis of the immune cell subsets after in vitro re-stimulation of the murine cell cultures with CII and co-cul-
ture with metabolic products derived from two L. brevis strains and four prebiotics (XOS, inulin, pectin, and chitosan).
The cells were stained using a 10-color panel of indicated surface markers and analyzed by FACS. Percentages of specific

populations from the total number of cells are shown

Prebiotics CD45*  CD19*  CD3* CD4* CD8  CD4 CD4+ CDS8" CD11b* Group
CD25*  CD279*  CD279*  MHCII

L. brevis 3448
Medium  89.1 533 272 162 7.28 2.59 270 0.58 5.34 Control
XO0S 88.9 525 27.9 16.3 755 2.47 259 0.63 534 mice
Inulin 88.8 489 27.8 16.7 7.37 2.88 270 0.60 9.08
Pectin 832 48.7 24.8 15.7 6.78 435 2.67 0.93 6.10
Chitosan  85.4 49.6 25.0 169 7.27 355 247 0.94 8.44
Medium 838 46.5 28.1 17.3 8.34 3.86 227 0.64 4.43 Immunized
X0S 83.6 458 286 17.6 8.63 3.88 234 0.68 4.58 mice
Inulin 83.3 447 29.0 17.8 8.44 3.62 245 0.70 538
Pectin 80.8 454 25.9 16.5 7.96 4.14 2.62 0.80 533
Chitosan  83.0 464 27.1 17.8 8.74 4.16 2.84 0.85 6.97

L. brevis 8429
Medium  88.1 48.7 26.7 162 7.24 2.42 2.98 0.53 5.00 Control
XO0S 89.3 50.7 28.1 17.3 7.56 2.48 243 0.52 492 mice
Inulin 89.3 48.1 28.1 174 7.25 2.94 2.68 0.50 10.5
Pectin 83.5 50.5 25.3 15.7 6.49 5.19 257 117 3.44
Chitosan 874 49.4 24.9 16.6 7.34 3.83 2.87 0.71 113
Medium 818 447 26.8 16.8 8.38 3.85 245 0.57 4.68 Immunized
XO0S 82.7 46.9 27.6 175 8.58 3.48 2.49 0.67 3.73 mice
Inulin 83.0 443 274 17.1 8.65 3.47 2.48 0.59 7.09
Pectin 81.1 46.9 27.0 16.8 8.12 4.98 255 0.95 2.80
Chitosan  83.0 445 273 18.4 8.69 3.85 248 0.83 8.48

changes within CD4* and CD8* T cell populations were
not found (Table 1).

Next, we decided to verify whether the metabolic prod-
ucts from investigated prebiotics can particularly affect the
cells with immunoregulatory properties (CD4*CD25%).
We observed that supernatants from both L. brevis strains
(3448 and 8429) grown with pectin as well as L. brevis
3448 grown with chitosan lead to enhancement of the re-
cently activated T cells with regulatory properties (Table
1, CD4*CD25%, in bold). In the non-treated cells from the
immunized mice (medium), the percentage of CD4*CD25*
cells was also increased compared to the non-treated cells
from the control mice (medium), which was due to the
induced inflammatory conditions (Table 1). The fact that
tested metabolic products caused similar enhancement of
CD4+*CD25* cells in both cultures from the immunized
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and control mice, suggests that this effect is not dependent
from the inflammation.

To examine the involvement of probiotics/prebiotics
in the PD-1 signaling pathway, we analyzed the changes
within CD279 (PD-1) expressing T cells. No changes were
detected in the T cell subset CD4*CD279* (Table 1). FACS
analysis of CD8*CD279* T cells showed slightly increased
percentages of these cells in the case of pectin and chitosan
in the cultures from both experimental groups, the control
and immunized mice (Table 1, CD8*CD279", in bold).

Neutrophils and macrophages are the first cells that
migrate towards the site of inflammation or injury. Since
neutrophils are short-lived cells, we analyzed whether
investigated bacterial metabolites have some effects on
the macrophages. The metabolic products from XOS had
no effects or slightly decreased the percentage of macro-
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phages (Table 1, CD11b*MHCII*). Metabolites from the
other prebiotics (inulin, pectin, and chitosan) increased the
number of macrophages in different degrees compared to
the controls. An exception was found in the case of strain
L. brevis 8429-strain grown in pectin, where in both cul-
tures (from the control and immunized mice), a decreased
number of macrophages was observed (Table 1, CD-
11b*MHCII, in bold).

Discussion

The immunomodulatory properties and health benefits
of probiotic bacteria are strain-specific. This phenomenon
was reviewed in detail by Skivka [18]. In addition, a par-
ticularly important factor that defines the immunomod-
ulating potential of probiotics is the used prebiotic and
resulted metabolic products. Most in vivo studies with oral
administration of probiotics did not provide precise control
on the substrates available to the bacteria since many oth-
er food components would be always present. Therefore,
the immune mechanisms by which probiotic microorgan-
isms exert their beneficial effects are still not completely
understood. Hence, the disagreement between the data of
different studies could be due to the used probiotic strain,
prebiotics, or different experimental conditions, such as
target diseases, cells, or antigens.

In the present study, our strategy was to examine direct
effects of the metabolic products resulting from culturing
of two L. brevis strains with four different prebiotics on the
secretion of some cytokines and phenotype of the immune
cells under normal and inflammatory conditions. In this
way, we could predict the effects of certain probiotic-pre-
biotic combination in the case of a preventive protocol on
healthy individuals or a therapeutic approach of individu-
als with a particular disease.

Most studies consider the indirect effects of probiot-
ics/prebiotics on the immune system (through changing
the gut microbiota) mainly by inhibiting the expression of
proinflammatory cytokines and increased levels of anti-in-
flammatory cytokines, but evidences about their direct ef-
fects are still limited [19]. The data presented here clearly
show that metabolites from L. brevis and XOS reduce the
levels of IFN-y, IL-6, IL-17, and TNF-a, but the concen-
tration of IL-10 was not affected. This effect was similar
in both cases, non-stimulated cells (from the control mice)
and stimulated cells (from the immunized mice). Consis-
tent with our results, a decreased serum levels of IFN-y
and IL-1P as well as no effect on IL-10 production was
also observed in XOS-fed mice compared to control-fed
mice [20]. As a possible mechanism, the authors proposed
an indirect SCFA-mediated anti-inflammatory effect of
XOS [20]. Our results from the direct test of metabolic
products from XOS (including SCFA) on the immune cells
confirmed that these products decrease the level of proin-
flammatory cytokines.
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Several clinical trials related to the effects of probiot-
ic supplementation on disease activity and inflammatory
cytokines in patients with RA [1, 2, 7] and in vivo studies
with animal models for RA [9-12] also showed decreased
levels of IL-1p, IL-2, IL-6, IL-12, IL-17, TNF-o., and IFN-y
as well as increased concentrations of the anti-inflammato-
ry cytokines IL-10 and TGE-. In these studies, probiotic
strains from Lactobacillus casei, L. acidophilus, L. del-
brueckii subsp. bulgaricus, and Bifidobacterium bifidum
(separately or in a combination) grown in MRS medium
or MRS + 10% skimmed milk (for L. delbrueckii) without
supplementation with prebiotics were orally administered.
When we examined the direct effect of metabolic products
from L. brevis and inulin, pectin, or chitosan, we observed
opposite results. In contrast to the referred reports and to
our data from XOS, the levels of IFN-y, IL-6, IL-17, and
TNF-a increased compared to the controls with highest val-
ues for the metabolites from pectin. Similar to the results
from XOS, the production of IL-10 was not influenced.
These data suggest that immunomodulating properties of
probiotics are dependent not only on the strain, but also
on the substrate where they are grown. This means that
one probiotic strain can exert different immunomodulat-
ing properties on the immune system depending on the
food diet and the available nutrient components for the gut
microbiota. Theoretically, applying a wrong combination
between the probiotic strain and used prebiotic or fiber
diet for a treatment of certain disease may cause adverse,
instead of beneficial effects. Additionally, many other de-
fense mechanisms need to be considered when probiotics,
prebiotics, or synbiotics are used for a disease treatment.

It has been shown that the indirect immunomodulating
activity of probiotics/prebiotics is due to SCFA, which ac-
tivate G-protein coupled receptors 41 and 43 (GPR41 and
GPR43) on the intestinal epithelial cells, resulting in rapid
production of different cytokines and chemokines [21].
Probably, these receptors are also involved in the obtained
direct immunomodulatory effects of metabolic products
(containing SCFA) tested in the present study, since they
are expressed by the macrophages/monocytes as well [22].
Our FACS analyses indicated differences in the number of
macrophages depending on prebiotics used. Macrophages
may produce IFN-y, IL-6, TNF-a, and IL-12 [9], leading
to subsequent activation of T cells and secretion of oth-
er cytokines (e.g., IL-17). We demonstrated that different
prebiotics have distinct effects on the cytokine production.
These changes in the cytokine balance can change the im-
mune response in different directions under certain con-
ditions. Treatment of cells with metabolic products from
L. brevis and pectin or chitosan increased the number of
anergic CD8*CD279* T cells and regulatory CD4*CD25*
T cells, but the metabolites from XOS had no such effect.
Since in mice, CD4* Tregs are a homogenous population,
in which all CD4*CD25* cells are regulatory T cells, we
did not include the intracellular marker FoxP3.
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In conclusion, metabolic products resulting from cul-

turing of different probiotic strains with different prebiotics
could have different effects on the immune response. This
could be of crucial importance, when probiotics/prebiotics/
synbiotics are used for treatment of autoimmune diseases.
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