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Abstract

Objective: This study aimed to assess the impact of a wild strain of Lactobacillus plantarum (PL4) on the production of IL-10 and T helper (Th) 17
related cytokines, including interleukin (IL)-17A, IL-17F, IL-21, and IL-22, compared to a standard probiotic strain, Lactobacillus plantarum. PL4
was isolated from Lighvan cheese and its probiotic potential was proved before. Probiotics with immune regulatory activity might be effective in the
case of Th17 cells and IL-17-related pathways, which are involved in the pathogenesis and are associated with a worse result of some diseases. These
regulatory effects might be arising from different bacterial cell substances.

Materials and Methods: Peripheral blood mononuclear cells (PBMC) were treated with cell debris and cell extract of both strains with and without
human anti-CD3/CD28 T-cell activator beads in order to determine immunomodulatory effects of the strains. A number of cytokines were assessed.
Results: Bacterial cell debris and extract had no stimulatory or suppressive effects on the Th17 related cytokines and only the debris of both strains
increased IL-10 production significantly. When PBMC pretreated with bacterial cell debris or extracts was stimulated with anti-CD3/CD28 beads,
both strains down-regulated IL-17F. PL4 extract could decrease IL-21 and IL-17A but conversely, its debris increased these cytokines.

Conclusion: Pretreatment with PL4 extract induced lower levels of IL-17A, IL-17F, IL-21 and IL-10 in stimulated PBMCs, implying an anti-
inflammatory potential of this strain. Significant differences among the effects of the strains confirmed strain dependency of their immunomodulatory
properties.
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Oz

Amag: Bu ¢alismada, yabani bir Lactobacillus plantarum (PL4) susunun, interlokin (IL)-10 ve IL-17A, IL-17F, IL-21 ve IL-22 dahil olmak iizere
T helper (Th) 17 ile iliskili sitokinlerin tiretimi tizerindeki etkisini, standart bir probiyotik sus olan Lactobacillus plantarum ile Karsilastirarak
degerlendirmesi amaglanmistir. PL4, Lighvan peynirinden izole edilmis ve probiyotik potansiyeli daha énce kanitlanmistir. immiin diizenleyici
aktiviteye sahip probiyotikler, patogenezde yer alan ve bazi hastaliklarin daha kétii bir sonucu ile iliskilendirilen Th17 hiicreleri ve 1L-17 ile ilgili
yolaklar durumunda etkili olabilmekte ve bu diizenleyici etkiler, farkli bakteri hiicre maddelerinden kaynaklanabilmektedir.

Gereg ve Yontem: Periferik kan mononiikleer hiicreleri (PBMC), suslarin immiinomodiilator etkilerini belirlemek i¢in, insan anti-CD3/CD28 T
hiicre aktivator boncuklari olan ve olmayan her iki susun hiicre debrisi ve hiicre ekstrakti ile muamele edildi. Kiiltiir stipernatanlarinda sitokinlerin
miktarlar belirlendi.

Bulgular: Bakteriyel hiicre debris ve ekstrakti, Th17 ile ilgili sitokinler tizerinde hicbir uyarici veya baskilayici etki gostermedi ve sadece her iki
susun debrisi IL-10 tretimini anlaml 6lgiide artirdi. Bakteriyel hiicre debrisi veya ekstrakti ile 6n isleme tabi tutulan PBMC, anti-CD3/CD28
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boncuklari ile uyarildiginda, her iki sus da IL-17F seviyelerini azaltti. PL4 ekstrakti, IL-21 ve IL-17A seviyelerini azaltmasiin tersine PL4 ekstrat

debrisi bu sitokinleri artirdi.

Sonug: PL4 ekstrakti ile 6n muamele, uyarilmis PBMC’lerde daha diisiik IL-17A, IL-17F, IL-21 ve IL-10 seviyelerine neden olmustur, bu bulgular
bu susun anti-enflamatuvar potansiyelini gostermektedir. Suslarin etkileri arasindaki 6nemli farkliliklar, immiinomodiilatér 6zelliklerinin sus

bagimliligini dogrulamaktadir.

Anahtar Kelimeler: Lactobacillus plantarum, immiinomodiilator 6zellikler, Th17 ile ilgili sitokinler, PBMC

Introduction

Twenty years ago, Mosmann et al. (1) proposed that
CD4 cells separated into two subgroups called T helper 1
(Th1) and Th2, and numerous illnesses were inferable to
some extent to Th1/Th2 imbalance. At the point when a
third subgroup, known as Th17, was recognized in 2005,
how we might interpret the role of lymphocytes in human
illness was updated (2). Th17 cells have recently attracted
impressive consideration because they exhibit distinct
effector functions from Th1 and Th2 cells. When activated,
these cells produce various different proinflammatory
cytokines, including interleukin (IL)-17A, IL-17F, IL-21,
and IL-22, and are believed to be involved in the protection
of the host from microorganisms that Th1l or Th2 are not
appropriate for. Several investigations have revealed a
strong relationship between Th17 hyperactivity and some
human diseases and multiple inflammatory effects on
epithelial, endothelial, and fibroblastic cells (3). According
to Sarmiento-Monroy et al. (4), blockade of the IL-23/IL-17
axis utilizing designated treatments and medications that
indirectly act on this pathway may have beneficial effects
in patients with coronavirus disease-2019 (COVID-19)
contamination. Recent data in humans and mice propose
that over-the-top Th17 action plays a significant part in
the pathogenesis of immune-mediated diseases such as
inflammatory bowel disease (5). Regulation of Th17 cells
is as of now seen as a possibly certain pharmacological
treatment for a wide cluster of human infections related to
distorted Th17 reactions (6).

IL-10 is quite possibly the main cytokine tracked
down in the human immune response (7). The major
biological functions of IL-10 are the limitation and arrest of
inflammatory responses and the regulation of differentiation
and proliferation of various immune cells. Subsequently, it
is generally viewed as an immunosuppressive particle by
restraining the production of pro-inflammatory mediators
and increasing the production of anti-inflammatory
mediators (8).

Probiotics are characterized by the FAO/WHO as
“live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host” (9).
Lactobacilli as the most popular member of probiotics, at
population levels exceeding 10% CFU per gram of feces, it
exerts various health-promoting functions of which immune
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regulatory activity (10). Different clinical efficacies of
strains can be attributed to their varying abilities to
induce the promotion of CD4 T-cell subsets. A number of
probiotic lactobacilli promote Thl responses (11), while
others show Th2-suppressive effect by the induction of
regulatory cytokines, or vice versa (12). Lactobacillus
plantarum (L. plantarum) is a major colonizer of the
human gut that increase antibody responses to intestinal
pathogens. The experimental evidence suggests that L.
plantarum suppress the Thl immune response in mice (13).
In a study L. plantarum-fed-mice maintained a healthier state
after being injected with lipopolysaccharides (LPS) compared
to other bacterial strain fed-mice and in the LPS-only control
mice which is likely due to lower production of tumor necrosis
factor-alpha and IL-12 (10). Significantly increased level
of IL-4 in the blood (13). According to Kawashima et al.
(14), oral administration of L. plantarum strain YU with
high IL-12 inducing effects inhibited the proliferation of
influenza A virus in bronchoalveolar lavage fluids. They
concluded that the strain had a beneficial effect against the
virus replication by activating Thl immune responses.

Several recent studies have shown the anti-inflammatory
affacts some probiotic strains on Thl7-associated diseases
(15-17). There is increasing evidence that probiotics
selectively target the Th17 lineage in the prevention and
treatment of inflammatory and autoimmune diseases (18-
20). It is widely accepted that the anti-inflammatory effects
of probiotics in inflammatory bowel disease (IBD) are
primarily related to the downregulation of pro-inflammatory
Th17-associated cytokine production because they affected
the polarization of T-cell responses (21). One of the ways
in which probiotics can exert immunomodulatory activities
is by increasing the production of IL-10 (22). Several
researchers have announced that the consumption of
probiotic strains/probiotic mixtures/fermented foods could
have anti-inflammatory effects through the modulation of
IL-10 (23-25).

Studies have also reported immunomodulatory effects
due to cheese consumption in humans (26) and rats (27).
Although it is not clear which components of cheese are
responsible for the modulatory actions, we would consider
lactic acid bacteria (LAB) as a possibility. Lighvan is a
popular Iranian cheese, with a long history of safe use. Its
natural microbiome consists of unique LAB with different
properties (28).
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Since LAB are often used both in clinical applications
and food products with many of their characteristics proven
to be strain specific, a thorough examination of the effect
of each strain on immune response seems to be essential
for their safety assessment and segregating some effective
strains. Those are helpful to the safest and most effective
treatments. In this study, we analyzed the impact of L.
plantarum strain, isolated from Lighvan cheese, on Th17
cells by means of assessing its impact on Thl7 related
cytokines and IL-10 induction and compared it with that of
a standard probiotic strain.

Materials and Methods

Bacterial Strains and Related Preparations

Two L. plantarum strains consisting of a standard
well-known probiotic strain, L. plantarum ATCC 14917
(PATCC) and L. plantarum PLA4, isolated from Lighvan
cheese (PL4), were included in this study. According to
our previous study, the latter was able to survive in human
gastrointestinal tract and showed a good antimicrobial
effect and acceptable adhesion to human epithelial cell
line. Moreover, PL4 strain can significantly increase the
apoptosis of HT-29 cells (colon cancer cell line), while
having no effect on human umbilical vein endothelial
cells (29). Both strains were grown under microaerophilic
conditions at 37°C on Man Rogosa Sharp Agar medium
(Liofilchem, Italy). Mid log cultures were collected by
centrifugation (8000 x g for 3 min), washed, and then
resuspended in 5 mL Roswell Park Memorial Institute
(RPMI) 1640 medium (Gibco, France). The bacterial
suspensions (adjusted to the 3 McFarland scale) were then
sonicated (Dr. Hielscher, Germany) at 5-6 power levels
and 30% duty for 5 min. Bacterial suspensions were then
centrifuged at 8000 x g for 30 min to separate cell debris
from cell extract. Supernatants containing the cell extract
and the pellets containing the cell debris were taken for
further investigations.

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMC) were
isolated from fresh peripheral blood of 4 healthy donors
(males, mean age: 45 years) by Ficoll density gradient
centrifugation using Lymphodex (Innotrain, Germany). All
donors gave written informed consent for blood collection
and consent forms and procedures were in compliance with
all relevant federal guidelines and institutional policies (in
accordance with the ethical standards of the institutional
research committee of Shiraz University of Medical
Sciences, IR.SUMS.REC). Cells harvested from the
interface were washed twice, enumerated and resuspended
in complete media (CM) containing RPMI-1640 culture
medium, supplemented with 10% (v/v) fetal calf serum,
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penicillin (100 IU/mL) and streptomycin (100 pg/mL).
Trypan blue staining was done to assess the viability of
isolated cells, found to be more than 97%.

PBMCs Stimulation with Bacterial Extracts and
Debris and/or Anti-CD3/CD28

PBMCs were cultured at a density of 750.000 cell/
well in CM. The cells were stimulated with Lactobacillus
culture debris or Lactobacillus culture extracts (multiplicity
of infection: 1) and one well remained unstimulated
as control. To assess the impact of lactobacilli on the
production of cytokines as a result of stimulation with anti-
CD3/CD28, the cells were pretreated with Lactobacillus
debris or extracts, lhr prior to addition of Dynabeads™
Human T-activator CD3/CD28 (Gibco, Germany). All
cells were incubated at 37°C in a humidified atmosphere
with 5% (v/v) CO,. After 48 h incubation, cell culture
supernatants were harvested and stored at -70°C until
cytokine assay.

Cytokine Quantification in Culture Supernatants

The amounts of IL-10, IL-17A, IL-17F, IL-21 and
IL-22 in culture supernatants were determined by
LEGENDplex™ Human Th Cytokine Panel (13-plex)
(Biolegend, Germany), according to manufacturer’s
instructions using flow cytometer (BD FACSCalibur). Data
analysis was performed by LEGENDplex™ Data Analysis
Software, version 8.0.

Statistical Analysis

All the values were presented as mean + standard
deviation of at least three-time repetitions. All statistical
analyses were performed using the SPSS 20 statistical
package (SPSS, Chicago, USA). Treatment groups were
compared with the appropriate control groups, and statistical
significances were measured using the independent sample
t-test. Significant differences among treatments were
evaluated by two-way analysis of variance (ANOVA) with
post-hoc LSD. P values less than 0.05 were considered as
statistically significant.

Results

Cytokine Production in PBMCs Stimulated with
Bacterial Cell Debris and Extracts

Table 1 shows the results of cytokine production
in PBMCs after stimulation with debris or extract of
Lactobacillus strains. The levels of all the above-mentioned
cytokines except IL-10, in non-stimulated PBMCs and those
stimulated with cell debris and extract of Lactobacillus
strains, were under detection limit of the method used
for cytokine quantification. As shown in Figure la, in
comparison with the control, the debris of both strains
significantly increased IL-10 level (p<0.01), while the
extracts did not exert any remarkable effects.
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Cytokine Production in PBMC Pretreated with
Bacterial Cell Debris and Extracts Stimulated with
Anti-CD3/CD28 Beads

The results of cytokines production by PBMCs,
pretreated with Lactobacillus cell debris or extracts and
stimulated with anti-CD3/CD28 beads, are summarized
in Table 1. As shown in Figure 1b, neither cell debris nor
extracts had significant effect on IL-22 produced by anti-
CD3/CD28 beads treatment. Of Lactobacillus debris, PL4
significantly up-regulated IL-21 (p-value=0.047) and ATCC
14917 down-regulated IL-17F (p-value=0.039) production.
However, no substantial effects were detected on the other
cytokines. Among the extracts, both PL4 and PATCC
decreased the levels of IL-17F (p-value=0.01, 0.009)
and IL-10 (PL4: p-value=0.008; PATCC p-value=0.044)
in pretreated PBMC. In addition, PL4 extract could
also attenuate the effects of anti CD3/CD28 on IL-17A
(p-value=0.05) and IL-21 (p-value=0.048) (Figure 1).

Comparison of PL4 and PATCC strains regarding their
effects on cytokine production in anti CD3/CD28 treated
PBMC, revealed that the cell debris of both strains had a
comparable stimulating capacity to induce all cytokines
with the exception of IL-21 (p-value=0.045) and IL-10
(p-value=0.018). The higher levels of these cytokines were
induced by PL4 debris (Figure 2). Only the strain PL4
extract significantly reduced IL-21 and IL-17A production
when PBMC was stimulated with anti CD3/CD28 beads
(p-value=0.048, 0.05).

IL-10 can negatively affected the Thl7 immune
response. To identify whether an increase in IL-10 level
could have an effect on Th17 related cytokines production,
we analyzed IL-10 release by PBMC cells, pretreated or
not with Lactobacillus cell debris or extract and stimulated
with anti CD3/CD28 beads. As shown in Figure 3, the
levels of IL-10 were not higher in any of the samples of
PBMCs with lactobacilli, in which Th17 related cytokine
levels were low.

A significant positive correlation between IL-17A and
IL-22 (p-value=0.003) was found in the case of debris while
for extracts (Figure 4), IL-17A correlated significantly with
IL-21 (p-value=0.002). Only when PBMC was stimulated
with anti CD3/CD28 alone, a negative significant correlation
was noticed between IL-17A and IL-10 (p-value=0.002).

Discussion

In this study, two strains of L. plantarum were assessed
for their abilities to affect the production of Th17 related
cytokines such as IL-21, IL-22, [L-17A and IL-17F as well
as [L-10 by PBMC. According to our previous study, these
two strains had probiotic potential (27) and it would be
valuable to determine how they might affect the immune
system. Both strains modulated almost similar patterns
of cytokines, but significant differences were observed
between their effects on several cytokine productions.
Above all, strain PL4 extract showed a higher anti-
inflammatory effect than its standard counterpart. These
finding are consistent with many studies reporting the
genera/species or even strain specific immunomodulatory
effects of probiotic strains (30,31).

Taking into account the effect of manufacturing process
and the gastro-enteric passage on the bacterial viability, the
results obtained in this study might be attributable to the
effect of bacterial cell debris and extract released by the
dead bacteria ingested during the probiotic administration.
It was shown that LAB metabolites could suppress immune
activation (32) and some researchers reported that the
regulatory effects of probiotics could be owing to the
induction of immune cell apoptosis (33,34). Definitely,
in our study, any observed immunomodulatory effects of
both strains could not be the result of metabolites of LAB
or associated with their apoptotic activity, as we used
bacterial cell debris and extracts, and lack of apoptotic
effect by these strains on human normal cells was proven
before (29).

Table 1. The in vitro effects of Lactobacillus cell debris and extracts on the production of cytokines (pg/mL) by PBMC in the absence

or presence of anti-CD3/CD28 beads

IL-17A IL-17F IL-21 IL-22 IL-10
Control (no stimuli) <13 <0.69 <1.03 <0.18 79.7 + 14.0
Strain PL4 debris <13 <0.69 <1.03 <0.18 578.1 £219.8
Strain PL4 extract <1.3 <0.69 <1.03 <0.18 135.5+38.8
Strain PATCC debris <1.3 <0.69 <1.03 <0.18 240.1 + 68.6
Strain PATCC extract <13 <0.69 <1.03 <0.18 82.4+56.7
Stimulated with anti-CD3/CD28
anti-CD3/CD28 beads 1093.4 +242.2 284.7 + 68.6 177.0 £37.0 488.2 +196.5 1473.6 + 558.3
Strain PL4 debris 1174.8 £ 403.5 166.6 + 143.3 296.7 + 62.0 559.6 £259.9 1453.0 +200.3
Strain PL4 extract 717.8 £ 67.8 128.8 £26.2 1165+ 4.4 3524+ 126.4 402.8 + 86.7
Strain PATCC debris 949.4 + 167.6 120.3 £82.4 209.3 +5.8 513.2 +£66.6 853.1+11.8
Strain PATCC extract 1141.2 +£419.7 93.1+334 153.4 +£39.1 450.7 £ 127.7 526.8+122.2

IL: Interleukin, PBMC: Peripheral blood mononuclear cells
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When incubated with PBMC alone, bacterial cell debris
and extract exhibited no stimulating or suppressive effects
on Th17 related cytokines. This can be explained by the
fact that probiotics re-stablish the immune milieu to normal
in unusual states but have no effect when the environment
is healthy (35). Previous research revealed that increased
expression of mucosal IL-10, one of the key mediators
of Th2 and Thl immune responses (36), as a result of

probiotic treatment, could enhance tolerance toward the
resident gut bacteria and would modulate the subsequent
inflammatory responses (37). In agreement with this study,
our results showed that L. plantarum cell debris could
significantly increase IL-10 concentration in cell culture
supernatant. Likewise, Lammers et al. (38) revealed that
genomic material extracted from several genus of probiotic
bacteria with high GC content, had stimulatory effect on
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Figure 1. The bars represent IL-10 production when PBMC was treated with bacterial cell debris and extracts alone (a) as well as the production of 1L-22
(b), IL-21 (c), IL-17A (d), IL-17F (e) and IL-10 (f) by PBMC (mean =+ SD) pretreated with bacterial cell debris and extracts and stimulated with anti-CD3/
CD28 beads. Values are mean + SD of at least three replicates. (*) and (**) indicate a significant difference, compared to the control or anti-CD3/CD28

stimulation alone at p<0.05 and p<0.01, relatively

PBMC: Peripheral blood mononuclear cells, IL: Interleukin, SD: Standard deviation
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anti-CD3/CD28 beads. (*) indicates a significant difference between the effect of debris or extracts of the two strains at p<0.05
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human PBMC:s to produce more IL-10. According to Meng
et al. (39) L. plantarum KLDS1.0318 8, a newly identified
probiotic, could increase the secretion of IL-2, IL-6,
and IFN-y in cyclophosphamide-treated mice and helped
maintain a balance between Thl and Th2 type cytokines.
In contrast, Lee et al. (40) reported that dead nano-sized
L. plantarum nF1 isolated from kimchi (a traditional
Korean fermented cabbage) promoted Thl and Thl7
immune responses compared to Th2 immune response in
murine primary splenocytes. Although the key factors of
these distinct immunological properties are not revealed,
there is evidence that the composition of cell surface
molecules or the content of DNA fragments can determine
whether and how bacteria induce specific effects (41).
Grangette et al. (23) and Horie et al. (42) demonstrated
that lipoteichoic acid composition and copy number of
CpG motifs, which are strain specific character, determined
the mode of immune-stimulatory effect (proinflammatory
or anti-inflammatory) of Lactobacillus cells. This may
provide a logical explanation for the sometimes-conflicting
evidence presented in the literature regarding the immune-
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modulating impact of different closely related species or
strains. However, determination of the factor in cell debris
of these strains involved in IL-10 induction remains to be
investigated.

To investigate the anti-inflammatory properties
of the strains, PBMCs pretreated with bacterial cell
debris or extract were stimulated with anti-CD3/CD28
beads, the closest stimuli to physiological stress. The
results suggested that when PBMC were pretreated with
Lactobacillus strains cell debris and exposed to anti-CD3/
CD28, cytokine-inducing effects did not change that much
and inflammatory responses were somewhat modulated
only in the case of bacterial cell extracts pretreatment.
Indeed, extracts could decrease the concentration of
all cytokines more effectively than their corresponding
debris, and yet, the anti-inflammatory effects of strain
PL4 extract was more significant. Down-regulated levels
of IL-21 and IL-17A in PBMCs, stimulated with anti-
CD3/CD28 beads in the presence of PL4 but not PATCC
extract, implies that PL4 has more anti-inflammatory
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Figure 3. PBMC stimulated with anti-CD3/CD28 bead alone or pretreated with different bacterial strains cell debris or extract. Each symbol represents a
different PBMC donor. Lines represent mean values. (*) indicates a significant difference, compared to anti-CD3/CD28 stimulation alone at p<0.05
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potential compared to PATCC strain. Furthermore, a
significant difference between the effect of debris of these
strains on IL-21 and IL-10 lends support to their strain-
dependent behaviors.

Several researchers reported a reduction in Thl7
cells and their corresponding proinflammatory cytokines,
following the use of probiotic in animal models and in
colonic tissue from patients with IBD (36,43). Similarly,
Di Giacinto et al. (44) reported that 3-week probiotic
administration in mice was associated with a significant
increase and subsequent decrease in the production of
IL-10 and pro-inflammatory cytokines, respectively, by
lamina propria mononuclear cells treated with anti-CD3/
CD28. COVID-19 has emerged as a pandemic disease with
high mortality and development of an effective treatment is
an urgent need. What happens in severe acute respiratory
syndrome in COVID-19 patients is the polarization of
T-cells toward the Th17 promotion and Thl suppression,
which contributes to an uncoordinated composition of the
immune response. Several investigators found that IL-17
was elevated in COVID-19 patients in intensive care,
compared to non-intensive-care and controls. It is suggested
that blocking IL-17 could be a potentially beneficial
therapeutic strategy for severe COVID19 patients (45,46).
Taken together, these findings highlight the importance
of IL-17 blockage by biological drugs that are already
available and we suggest that some probiotic materials
like PL4 extract might be effective in attenuation of 1L-17
production. Further investigations are advised to make the
strain PL4 applicable for clinical purposes.

Recent studies have been conducted to elucidate
whether the anti-inflammatory impacts of probiotics in
Th17-related diseases may be the outcome of their effects
on Th cells balance via the controlling effect of IL-10 (47-
49). Our results showed that anti-inflammatory properties
of strain PL4 extract were not due to the suppressive effect
of IL-10. Similar to our results, Chiba et al. (50) declared
that certain probiotics might regulate pro-inflammatory
responses via mechanisms other than the induction of
regulatory T-cells. However, pathways through which these
bacterial cell debris and extract affect cytokine production
remains to be investigated.

The differentiation of Th17 cells follows the exposure
of naive CD4" T-cells to antigen-presenting cell-derived
polarizing cytokines such as IL-21 (51), while innate
cells such as yd T-cells (52), and natural killer cells
(53) by producing IL-17A and IL-22 can influence the
innate response via the induction of chemokines and
antimicrobial proteins (54). In this study, the positive
significant correlation between IL-17A/IL-22 (r=0.944)
and IL-17A/IL-21 (r=0.945) in the presence of bacterial
cell debris and extract, respectively, might suggest
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different patterns of immune stimulation by Lactobacillus
bacterial cell debris and extract through innate immune
response or adaptive Th17 cells function.

Study Limitations

This research work has some limitations. Due to the
lack of financial resources and sufficient time, it was
not possible to increase the number of people examined.
Detailed investigation and determination of the effective
factors in bacterial cell debris and extract is one of the most
important next steps that are recommended.

Conclusion

The immunomodulatory properties of lactobacilli for
each individual strain should be carefully evaluated before
considering potential probiotic use, as capability of these
two L. plantarum strains to modulate immune response via
Th17 related cytokines was strain dependent.

We observed that strain PL4, isolated from Lighvan
cheese with proven probiotic properties, was more potent
than L. plantarum standard strain (ATCC 14917) in the
induction of anti-inflammatory effect, here defined as
reduced release of Th17 related cytokines, which might
be helpful in attenuating the excessive production of these
cytokines in the case of IBD or COVID-19 infection. This
regulatory effect was not exerted as a result of modulation
of IL-10 production. Bacterial cell debris and extract had
no stimulatory effect on the production of Th17 related
cytokines implying their modulatory role in healthy status.
It seems that the regulation of Thl17 mediated immune
response by LAB is modulated by the involvement of many
different immune cells and mediators while its mechanisms
still remains to be discovered. So, more studies are needed
to exactly verify the effect of cell wall components, DNA
fragments, soluble proteinaceous factors or other different
cytoplasmic bacterial components existing in cell debris
and extracts. Once again, it was proven that food origin
isolates might have significant effects than it was proven
for well known strains.
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