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Abstract 

Background: Thymic stromal lymphopoietin (TSLP) is a cytokine known to mature dendritics cells, lower pro‑inflam‑
matory IL‑12 secretion, induce differentiation of anti‑inflammatory FoxP3+ regulatory T cells (Treg). Moreover, Crohn’s 
disease patients have shown a reduction of intestinal TSLP expression. To understand the role of TSLP in inflammation, 
we constructed Lactococcus lactis strain producing TSLP (LL‑TSLP) and investigated the effect of its administration on 
dextran sulfate sodium (DSS)‑induced colitis model in mice.

Results: LL‑TSLP secrete an active molecule which lowers secretion of IL‑12 by dendritic cells. Treatment with LL‑TSLP, 
increases the amount of TGF‑β secreted by T cells in Mesenteric Lymph Node in healthy mice. In acute DSS‑induced 
colitis, LL‑TSLP delayed the Disease Activity Index and lowered histological score and colonic INF‑γ production. In a 
DSS‑recovery model, LL‑TSLP induced a better protective effect if the strain was administered at the beginning of the 
colitis. At Day 4 of colitis we observed an induction of Treg by LL‑TSLP.

Conclusions: TSLP showed an anti‑inflammatory protective role in DSS‑induced colitis. We have demonstrated that a 
short and early administration of LL‑TSLP is more efficient than a long lasting treatment.
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Background
TSLP was first discovered in a thymic stromal cell line 
[1]. It is mainly produced by non-hematopoietic cells as 
keratinocytes and epithelial cells [2–4] in response to 
stress stimuli [5, 6]. TSLP is a cytokine well known in the 
homeostasis of TH2 immune response [5]. It has been 
implied in several diseases like asthma, allergic rhinitis, 
food allergy [7–9] but also in cancer [10, 11]. However 
despite its key role in allergic response, TSLP has been 
shown to have protecting effects in a mouse model of 
colitis [4, 12, 13]. Indeed, TSLP is implied in the differ-
entiation of CD4+CD25-thymocyte into FoxP3+ regula-
tory T cells (Treg) by the intermediate of human myeloid 
Dendritic Cells (DCs) or human plasmocyte DCs [14, 15]. 

However, in mice, TSLP doesn’t affect DCs directly but is 
secreted by those cells and allows the promotion of Treg 
[13]. TSLP also acts on human and murine DCs by inhib-
iting IL-12 secretion which is a pro-inflammatory protein 
involved in Inflammatory Bowel Disease (IBD) [3, 4].

IBD which gathers Crohn’s disease (CD) and Ulcerative 
Colitis (UC) affects 1.4 million Americans and the preva-
lence rate is 396 per 100,000 individuals worldwide [16]. 
Incidence and prevalence are increasing in various regions 
of the world including the ones which were less impacted 
[17, 18]. Due to its symptoms (diarrhea, abdominal pain, 
loss of weigh) IBD is considered as an incapacitating dis-
ease. Patients have a higher risk factor to develop other 
inflammatory or non-inflammatory disorders like pso-
riasis, cancer or arthritis [19–22]. So far no curative treat-
ments exist for the disease. The most powerful treatment 
is the injection of the recombinant antibodies targeting 
TNF-α, however even if 60  % are primary responders 
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this drops to 25–40  % still in remission after 1  year of 
treatment [23]. The last solution in IBD is surgery where 
inflamed parts of the intestine are withdrawn. However 
surgery can lead to severe complications as Short Bowel 
syndrome and relapses are frequent. All together, this 
makes IBD one of the major health problems in developed 
country and the development of innovative therapeutics 
or curative strategies is crucial.

One of the ways explored to help in alleviating symp-
toms of the disease is the delivery of anti-inflammatory 
molecules by recombinant lactic acid bacteria (LAB). 
Recently, it has been shown that mice treated with LAB 
expressing the protease inhibitor Elafin were protected 
against gut inflammation [24]. LAB have been used for 
1000  years for food conservation and appear to be a 
promising vehicle delivering active molecules [25]. They 
are recognized as safe by World Health Organization, and 
some strains can have anti-inflammatory properties [26].

In this study we decided to construct Lactococcus 
lactis expressing TSLP (LL-TSLP) in order to study the 
effect of a local gut mucosal administration of TSLP on 
DSS-induced inflammation. LL-TSLP constructs dem-
onstrated anti-inflammatory properties in  vitro and 
protected mice from DSS-induced colitis after oral 
administration as shown by reduced weight loss, lower 
disease activity and microscopic score. Moreover mice 
were protected even if they were fed with LL-TSLP only 
during the four first days of the colitis. Additionally we 
showed that part of this protective effect was due to a 
higher recruitment of Treg.

Results
Secretion of biologically active TSLP by a recombinant 
Lactococcus lactis strain
In order to study the role of TSLP in mucosal inflamma-
tion we constructed a strain of L. lactis secreting TSLP 
(LL-TSLP). To this end, we cloned the tslp gene in the 
plasmid pLB333 carrying the SICE system, composed of 
the promoter of the stress-induced GroESL operon, the 
signal peptide of the well secreted L. lactis Exp4 pro-
tein and a terminator (Fig.  1a), resulting in the plasmid 
pGroel-TSLP. The LL-TSLP strain had the same growth 
curve in rich culture medium as the wild type strain 
MG1363, LL-WT (data not shown). The ability of LL-
TSLP to produce the cytokine was tested in different 
stress conditions such as heat shock and salt stress. We 
observed a significant (P  <  0.001) 35 and 84  % increase 
of TSLP secretion in presence of 1.5  % NaCl and 3  % 
NaCl, respectively (Fig.  1b). TSLP secretion is weakly 
but significantly (P < 0.05) enhanced by heat shock at 37 
and 40  °C (Fig.  1c). Finally, to validate the recombinant 
strain, we tested the biological activity of the secreted 
TSLP in a LPS-stimulated-BMDCs model. After 24 h of 

LPS stimulation, we detected IL-12 secretion in BMDCs 
supernatants, which significantly decreased when cells 
received TSLP (either commercial recombinant or con-
centrated from LL-TSLP supernatant), demonstrating a 
biological activity of the recombinant cytokine (Fig. 1d). 
Equivalent amount of irrelevant protein also lowers 
IL-12 secretion, even though significantly different from 
concentrated LL-TSLP addition. We thus validated the 
secretion of a biologically active TSLP cytokine by a 
recombinant L. lactis strain.

Oral administration of LL‑TSLP induced TGF‑β secretion 
by activated cells from mesenteric lymph node of healthy 
mice
To assess the basal effects of gut mucosal administra-
tion of TSLP on mice, two groups (n = 8) of healthy ani-
mals received LL-WT, or LL-TSLP by oral route. Weight 
and DAI were daily monitored and scored. We did not 
observe differences in these scores, showing no changes 
in the physiology of mice (data not shown). After 14 days 
of treatment, mesenteric lymph nodes (MLN) were 
removed and cells were activated with anti-CD3 and anti-
CD-28 antibodies. We detected a significantly (P < 0.05) 
higher secretion of TGF-β when mice received LL-TSLP 
compare to mice orally dosed with LL-WT (Fig. 2a). We 
did not observe any significant changes in IL-5, IFN-γ 
or IL-17 concentrations in cell supernatants (Fig. 2b–d). 
No differences have been seen on IL-10 either (data not 
shown). TSLP delivery through recombinant L. lactis in 
the intestinal lumen is able to trigger TGF-β secretion.

LL‑TSLP reduce acute inflammation
To determine the impact of local administration on 
intestinal inflammation, we first performed an acute 
DSS-induced colitis model on mice that we orally admin-
istered with LL-TSLP or LL-WT 7 days before and dur-
ing colitis induction. We did not observe a difference in 
the weight loss of the two groups of mice (Fig. 3a). Oral 
administration of LL-TSLP significantly decreased the 
DAI at D4, showing that TSLP-secreted L. lactis delayed 
clinical signs of colitis (Fig.  3b), especially feces soften-
ing and bleeding. After 7  days of inflammation, colon 
tissues were removed and several inflammation markers 
were analyzed. Histological score was reduced in pres-
ence of TSLP (Fig. 3c, d) demonstrating an intestinal epi-
thelial protection by oral administration of LL-TSLP. The 
concentration of the pro-inflammatory cytokine IFN-γ 
in colon washes was also decreased after oral treatment 
with LL-TSLP (Fig. 3e). We did not detect any differences 
in the concentration of the pro-inflammatory IL-12 and 
the anti-inflammatory IL-10 in these colon washes (data 
not shown). We also observed an increase but not signifi-
cant (p = 0.053) of TGF-β in the supernatant of activated 
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cells from MLNs. No differences were detected in IL-5, 
IL-17 or IL-22 concentrations in the supernatant of acti-
vated cells from MLNs between the two conditions (data 
not shown).

LL‑TSLP decreased Disease Activity Index but not weight 
loss in a DSS recovery phase model
In order to test the involvement of TSLP in the healing 
process, we performed an acute inflammation experi-
ment followed by a recovery phase consisting of 5 days of 
water. Two groups of mice were treated 7 days before coli-
tis, along the inflammation as well as the recovery period 
with LL-WT or LL-TSLP. Oral TSLP administration did 

not modify the weight loss, which was around a maxi-
mum of 20  %, between the two group of mice (Fig.  4a) 
but LL-TSLP significantly decreased the Disease Activ-
ity Index (DAI) at the early phase of the inflammation 
(Fig. 4b), as seen previously, suggesting that TSLP had no 
effect in late inflammation and recovery phase.

LL‑TSLP delivery in the early phase of inflammation 
diminished the loss weight and the DAI
To validate the effect of TSLP on the early phase of colitis, 
we performed an acute inflammation followed by a recov-
ery phase on groups of mice treated with LL-WT, LL-TSLP 
and a group named LL-TSLP early phase, corresponding to 
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an oral administration of LL-TSLP from D7 to D4 followed 
by oral administration of LL-WT from D5 to D12 (Fig. 5a). 
As previously shown, the difference in weight loss between 
LL-TSLP and LL-WT conditions was not significant (data 
not shown). We observed a reduction of the weight loss 
when mice received early TSLP delivery, which was sig-
nificantly different at D8, D9, D11 and D12 compared to 
the LL-WT condition (Fig. 5b). Furthermore we observed 
a reduced increase of DAI in the LL-TSLP early phase 
group, with significant differences at D5 and D6 compared 
to the LL-WT DAI (Fig. 5c). Histological scores were sig-
nificantly reduced in the LL-TSLP early phase group com-
pared to the LL-WT group but not in the LL-TSLP group 
(Fig. 5d). At D12, cells from MLN were activated but we 
did not detect any differences in TGF-β secretion in these 
cell supernatants between the three bacterial treatments 
(Fig.  5e). However, we did notice a significant (P  <  0.01) 
decrease of IL-17 secretion with LL-TSLP administra-
tion compare to LL-WT or LL-TSLP early phase (Fig. 5f). 
These results demonstrated a decrease/amelioration of 
some colitis symptoms even when TSLP was delivered at 
the early phase of the inflammation.

TSLP induce a Treg proliferation in the early phase of the 
colitis
In order to understand the effect of TSLP on the early 
phase of colitis we analyzed the Treg proportion in MLN 

at day 4 and day 12 of colitis. The percentage of CD25+ 
FoxP3 Treg among the CD4+ population was signifi-
cantly higher when mice were fed with LL-TSLP com-
pared to control LL-WT at day 4 (Fig. 6a). This difference 
in line with the differences in DAI scores observed 
between LL-TSLP treated mice and LL-WT at D4 (data 
not shown). No difference in percentage of CD25+ 
FoxP3 Treg among CD4+ population was observed at 
day 12 among the three groups (Fig. 6b).

Discussion
In this study, effects of gut mucosal administration of TSLP 
in treatment for colitis have been investigated using the 
recombinant L. lactis strain LL‑TSLP
Three main studies have shown an important role of 
TSLP in DSS-induced colitis using two knock-out mouse 
models, where TSLP or the TSLP receptor (TSLPR) gene 
was deleted. Taylor et al. demonstrated that TSLPR−/− 
mice were more sensitive to DSS-induced colitis com-
pared to the WT animals [2]. TSLPR−/− mice displayed 
higher pathological score, from the first day of DSS treat-
ment, and colonic shortening. These macroscopic criteria 
were correlated with an increase of IFN-γ producing cells 
within MLNs and IL-12/23p40 secretion in colonic tis-
sue. In contrast, Reardon et al. have shown that the lack 
of TSLP does not lead to an enhancement of the colitis 
severity in a DSS model but to an absence of recovery 
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after the inflammation, leading to the death of the mice 
[27]. During colitis, immune cells are recruited includ-
ing neutrophils that release high amount of neutrophil 
elastase (NE). A balance between proteolytic enzymes 
and their inhibitors is very important in the recovery 
phase. They observed that TSLP−/− mice have increased 
NE activity and in parallel, display a diminution of the 
secretory leukocyte peptidase inhibitor (SLPI), an endog-
enous inhibitor of NE. Moreover, mortality rate in DSS 
TSLP−/− mice was reduced by an intraperitoneal rSLPI 
treatment. The third study has also demonstrated a pro-
tective role of TSLP during DSS-induced colitis fol-
lowed by a recovery phase [13]. In a same manner, the 
lack of TSLP receptor increased the severity of the colitis 

monitored by a rise of weight loss, DAI and histological 
scores. Moreover, TSLPR−/− had higher percentages of 
Th17 cells and Th1 cells in colonic tissue. Although there 
are differences in the hypotheses and explanations, all 
these data show an important role of TSLP in the protec-
tion of epithelial integrity and colitis reduction.

In order to further understand the potential protec-
tive effect of TSLP on inflammation, we have developed 
a strategy for TSLP delivery to the gut mucosal level by 
oral administration of LAB producing soluble functional 
TSLP. LAB have been used since many years now as vec-
tor for protein or DNA delivery at the mucosal level [25]. 
We constructed and characterized a L. lactis strain pro-
ducing TSLP, LL-TSLP. After 2  weeks of LL-TSLP oral 
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administration in healthy mice we observed an increase 
of TGF-β production by anti-CD3/anti-CD28 stimulated 
cells from mesenteric lymph nodes. In an acute DSS-
induced inflammation model, we showed that after 7 days 
of DSS, the DAI of mice treated with LL-TSLP tends to be 
lower during the 7 days of inflammation, despite absence 
of changes in weight loss. We observed a significant 
reduction of this score at D4, demonstrating the capac-
ity of LL-TSLP to delay clinical signs at the beginning of 
colitis, especially feces softening and bleeding. Further-
more we showed that colonic tissue integrity measured 
by histological scores is less compromised within TSLP 
treated mice. Oral administration of LL-TSLP reduced 
the secretion of the pro-inflammatory cytokine, IFN-γ, 
showing that LAB-secreted TSLP protects the intestinal 
epithelium from damages induced by chemical treatment 
and modulates inflammation.

To assess the effect of LL-TSLP during the recovery 
phase, we performed an acute colitis model followed by 
5 days of remission. TSLP was delivered by LL-TSLP all 

along the experiment (inflammation +  recovery phase). 
We did not show any differences in weight loss and his-
tological scores after 5  days of water but we confirmed 
the decrease of DAI in the early phase of inflammation. 
The recovery phase is a complex process and addition of 
TSLP seems not to be sufficient to accelerate the decrease 
of markers of inflammation or intestinal epithelium 
repair.

Next, we hypothesized that early treatment with LL-
TSLP could be sufficient to decrease inflammation mark-
ers. A group of mice received LL-TSLP during 7  days 
before and 4 days after the induction of colitis followed 
by LL-WT until the end of the experiment. TSLP deliv-
ery in the lumen at early phase, until D4, diminished the 
weight loss and significantly increased the weight gain at 
D8, D9, D11 and D12 compare to the LL-WT. Moreo-
ver it delayed and decreased the DAI (significantly at D5 
and D6) and reduced the histological score. Therefore we 
conclude that, short and early TSLP treatment allowed a 
better protection against colitis than a longer treatment 
as demonstrated by a lower severity as well as a delay in 
the disease.

To decipher by which mechanisms addition of 
TSLP leads to the colon protection in the early phase 
of the inflammation, we sacrificed the mice at D4. 
At this time we observed a higher percentage of 
CD4+CD25+Foxp3+ cells in mice treated with LL-
TSLP, suggesting a role of Treg cells in the delay of the 
outbreak of the disease. In human, TSLP-matured DC are 
able to induce the expansion and the differentiation of 
CD4+CD25+Foxp3+ cells [14, 15]. However, Iliev et al. 
have demonstrated that the retinoic acid and TGF-β but 
not TSLP are essential to convert DC in tolerogenic DC, 
which induce the Treg differentiation [28] and lead to 
the protection of mice from colitis. In parallel, TSLP has 
been described to be secreted by DC [13, 29]. DC-derived 
TSLP can directly act on Tcell by inhibiting TH17 cell 
development and promoting Treg cells [13]. TSLP was 
also described to be essential for gut homeostasis and 
TSLP-TSLPR signaling elicits the expansion of Foxp3+ 
helios-Treg cells in response to intestinal bacteria [30].

We hypothesized that addition of TSLP to the lumen 
allows an enhancement of gut homeostasis by a rise of the 
number of Treg cells which leads to a delay of the disease. 
Release of TSLP could act directly as described by Spa-
doni et  al. on Treg differentiation or indirectly. Indeed, 
TSLP is able to reinforce tight-junctions of lung epithelial 
cells by increasing several claudins and the occludin [31]. 
In this manner, TSLP could protect gut epithelial integ-
rity and increase the release of Retinoic acid and TGF-β 
by epithelial cells as well as the Treg expansion.

Finally, TSLP expression is reduced in colonic tissue 
of Crohn’s disease patients [32] and can be correlated to 
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the failure of these patients to promote tolerogenic DCs 
in the gut [4, 28]. TSLP secretion by intestinal epithe-
lial cells is dependant and regulated by commensal and 
probiotic bacteria [30, 33, 34]. A novel treatment against 
Crohn disease is fecal transplantation. In the future, it 
could be very interesting to target fecal transplant that 
restore TSLP expression or complete actual treatment 
with probiotics that are able to increase TSLP secretion 
by epithelial cells to promote gut homeostasis and longer 
remission periods.

Conclusion
Thymic stromal lymphopoietin showed an anti-inflam-
matory protective role in DSS-induced colitis. We have 
demonstrated that a short and early administration of 
LL-TSLP is more efficient than a long lasting treatment. 
We hypothesized that TSLP induced TGF-β secretion 
which thus will increase the Treg population.

Methods
Bacterial strains and growth conditions
Lactococcus lactis MG1363 containing pNis-empty 
plasmid (LL-WT) and L. lactis MG1363 containing 
pGroESL-TSLP plasmid (LL-TSLP) were grown in M17 
medium (Difco) supplemented with 1  % glucose and 
chloramphenicol (10 µg/mL) at 30  °C without agitation. 
pSEC plasmid and pGroESL are both derivative of the 
broad-host range plasmid pWV01 [35].

Plasmid construction
Plasmid containing a murine tslp gene was synthesized 
by Geneart (Invitrogen). After digestion by BamHI/SpeI, 
the fragment containing the gene of interest was inte-
grated into a BamHI/SpeI digested pGroESL plasmid 
(chloramphenicol resistant, gene expressed under PgroESL, 
flanking by signal peptide from USP45 and a terminator) 
from SICE system [36]. Construction was established by 
electroporation into L. lactis MG1363 at 2.4 kV, 200 Ω, 
25 µF. Transformants were selected at 30 °C on M17 agar 
containing 1 % glucose and chloramphenicol (10 µg/mL). 
pGroESL-TSLP plasmids were extracted from recombi-
nant transformants and verified by sequencing.

Stress inducing cytokine secretion by L. lactis
Overnight cultures of TSLP-secreting L. lactis strain was 
diluted in growth medium to a 0.1 OD600nm and incubate 
at 30 °C without agitation until a 0.4–0.6 OD600nm. Then 
different stresses were added as following: To induce a 
salt stress, different volumes of NaCl 5M solution were 
added into culture to obtain 1, 5 and 3 % NaCl final con-
centration and incubate at 30  °C without agitation. To 
provoke a heat-shock, bacterial cultures were centrifuged 
at room temperature at 4700 rpm during 15 min. Pellets 

were resuspended with pre-warmed culture medium at 
30, 37 and 40 °C and incubate at these different tempera-
tures without agitation. Four hours after stress, 1 mL of 
bacterial cultures was harvested and centrifuged at 4  °C 
at 10,000 rpm during 10 min. The 2 µm filtered superna-
tants were conserved at −20  °C for cytokine quantifica-
tion by ELISA (R&D systems).

Isolation and culture of bone marrow‑derived dendritic 
cells (BMDC)
Bone marrow cells from BALB/c mice were harvested 
aseptically and plated into a petri dish in RPMI 1640 (Life 
Technologies) supplemented with 10 % decomplemented 
fetal bovine serum (FBS), penicillin/streptomycin, 
β-mercaptoethanol 5  mM and 20  ng/mL GMCSF (pep-
rotech) and cultured at 37 °C in a 10 % CO2-humidified 
incubator. Fifteen mL of medium were added at day 3 and 
completely changed at day 5; cells were harvest at day 7. 
BMDCs were then plated at 5 × 105 cells/well (96 wells/
plate) and cultured in RPMI 1640 supplemented with 
10  % decomplemented FBS and penicillin/streptomycin 
at 37 °C in a 10 % CO2-humidified incubator.

LPS‑stimulated‑BMDC assay
BMDCs were stimulated in presence (5  ng/mL) or 
absence of LPS and with recombinant TSLP (Biolegend 
or from LL-TSLP concentrated supernatants) at 10 ng/
mL. A negative control of the culture medium (filtered 
supernatant of L. lactis harboring a plasmid encoding 
for a non-relevant protein, the nuclease Nuc) was used 
and equivalent protein amount corresponding to con-
centrations used with concentrated TSLP was added. 
Twenty-four hours after stimulation, cells superna-
tants were harvested for IL-12 quantification by ELISA 
(mabTech).

Mice experiments
After acclimatization during at least 7 days, 6 weeks old 
C57BL/6 mice were fed daily during the whole experi-
ment with PBS or with 109  ~  5 ×  109 Colony Forming 
Units of LL-WT or LL-TSLP. At D0 colitis was induced 
by adding 2.5  % (w/v) of Dextran Sulfate Sodium Salt 
(DSS) at a molecular weight of 36,000–50,000 (MPBio) to 
the drinking water for 4 days (DSS short) or 7 days (DSS 
acute and DSS recovery). The mice were sacrificed either 
at D4 (DSS short), D7 (DSS acute) or D12 (DSS recovery) 
after the DSS induction. For DSS recovery, DSS colitis 
induction was followed by 5 days of recovery with normal 
drinking water. As a control DSS mice have been fed dur-
ing 12 days without DSS induction.

Mice were monitored daily for weight loss, stool con-
sistency, and fecal occult blood (Hemoccult, Beck-
man Coulter). Disease Activity Index (DAI) has been 
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calculated according to the protocol established by 
Cooper et al. [37].

Mice have been sacrificed by cervical dislocation and 
mesenteric lymphatic node (MLN) as well as colon have 
been harvested for colon washes, protein extraction and 
histological assessment.

Interleukin detection in colon washes, soluble 
protein extracts from colonic tissues and supernatant 
from induced lymphocyte
The colon was removed and washed with 1  mL of PBS 
supplemented with anti-protease to obtain the colon 
wash.

Then the colon was opened and 1  cm was removed. 
The slice was grinded in 1 mL of PBS supplemented with 
anti-protease using a GentleMacs (Miltenyi) then centri-
fuged 2 min at 5000g. Supernatant was stored at −20 °C 
before further analysis.

MLN isolated from mice were mashed and filtered 
(70  µm, BD biosciences). Lymphocytes in filtrate were 
count by flow cytometry (Accuri C6) and resuspended in 
culture medium (RPMI, Lonza) with 100 Unit of Strep-
tomicin Penicilin, PAA Laboratories and 10 % Fetal Calf 
Serum (FCS) (Lonza) at 25 × 106 cells/mL. Cell solutions 
were added to 24 well plates (Costar) pre-incubated 4 h 
with anti-CD3 and anti-CD28 antibodies, 4  µg/mL of 
each antibody (eBioscience) in PBS with 0.5 % FCS. Plates 
were incubated 48  h at 37  °C 5  % of CO2 and cytokine 
levels were assessed in supernatant.

Total amount of proteins from the different samples 
was determined using Bradford assay (Sigma-Aldrich) 
and the cytokine concentration (IL-10, IL-12, IFN-γ, 
TGF-β, IL-17, IL-22 and IL-5) by ELISA (Mabtech). The 
concentration of each cytokine is normalized on the total 
proteins amount of each samples.

Histological assessment
For histological assessment, a colon sample was fixed 
in 4  % paraformaldehyde acid (sigma) and embedded 
in paraffin. Four micrometer sections were stained with 
hematoxylin/eosin and examined blindly [12].

Regulatory T cells (Treg) numeration
106 cells have been taken from mashed MLN filtrates. 
Treg cells have been stained for CD4, CD32 and FoxP3 
using a mouse regulatory T cell Staining Kit 1 (eBiosci-
ence). Cell samples have been run through flow cytom-
etry (BD Accuri) and double positive cells for CD32 and 
FoxP3 among CD4 positive cells have been counted.

Statistic
All statistics and graphics have been performed on 
Prism-GraphPad®. Results represent mean  ±  SEM. 

Statistical significance was determined by the Mann–
Withney test for charts and by 2-way Anova with Bonfer-
roni post-test for curves *P < 0.05, **P < 0.01, **P < 0.001.
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