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A B S T R A C T

Ethnopharmacological relevance: Propolis is a natural product produced by honeybees used as a medicine at least
to 300 BC. In the last decades, several studies showed biological and pharmacological properties of propolis,
witch scientifically explains the empirical use for centuries. The anti-inflammatory activity of propolis with the
purpose to reduce Th2 inflammation has been evaluated in allergic asthma. However, it remains to be de-
termined how propolis negatively regulates the immune response after allergen re-exposure.
Aim of the study: We hypothesized that the anti-inflammatory activity of propolis is dependent on the induction
of myeloid derived suppressor cells (MDSC) and regulatory T cells.
Materials and methods: To assess this hypothesis, we used an ovalbumin-induced asthma model to evaluate the
effect of EPP-AF® dry extract from Brazilian green propolis.
Results: Propolis treatment decreased pulmonary inflammation and mucus production as well as eosinophils and
IL-5 in the broncoalveolar lavage. Propolis enhanced also in vitro differentiation and in vivo frequency of lung
MDSC and CD4+Foxp3+ regulatory T cells.
Conclusions: Together these results confirm the immunomodulatory potential of propolis during sensitization
and challenge with allergen. In addition, the collecting findings show, for the first time, that propolis increases
the frequency of MDSC and CD4+Foxp3+ regulatory T cells in the lungs, and suggest that it could be use as
target for development of new immunotherapy or adjuvant immunotherapy for asthma.

1. Introduction

Asthma is a chronic inflammatory disease of inferior airways that
causes bronchial hyperreactivity, mucus overproduction and airway
narrowing (Lambrecht and Hammad, 2015; Kabata and Artis, 2019).
Allergic asthma is mediated by Th2 inflammation, characterized by
increased number of CD4+ T cells that produce IL-4, IL-5 and IL-13
(Th2 cells) and induce high IgE levels, eosinophilic infiltration and mast
cell activation (Robinson et al., 1992; Lambrecht and Hammad, 2013).

CD4+Foxp3+ regulatory T cells (Treg) and myeloid-derived sup-
pressor cells (MDSC) play a critical role in the down-modulation of the
Th2 immune response (Huang et al., 2009; Arora et al., 2010, 2011;
Gabrilovich et al., 2012; Josefowicz et al., 2012; Whitehead et al., 2012;
Xu et al., 2012; Veglia et al., 2018). MDSC represent a heterogeneous
population of immature myeloid cells described as polymorphonuclear
(PMN-MDSC - CD11b+Ly6GhighLy6Clow) and monocytic (M-MDSC -
CD11b+Ly6G−Ly6Chigh) suppressor cells (Gabrilovich et al., 2012;
Bronte et al., 2016; Fleming et al., 2018). The contact with high LPS
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dose increased CD11b+Gr1intF4/80+ lung cells resembling to MDSC
that suppressed Th2 inflammation in a model of allergic asthma in-
duced by house dust mite (Arora et al., 2010, 2011). The interaction of
MDSC with Treg cells has been described and collected findings showed
that activated MDSC cells produce TGF-β that induce the expansion of
Treg cells (Ren et al., 2016; Wang et al., 2016).

Because asthma affects up to 235 million people in the world (WHO,
2019), allergen-specific and allergen-free immunotherapy strategies
have been investigated to control pulmonary Th2 inflammation and to
improve pulmonary function (Fonseca et al., 2012, 2015; Prado et al.,
2015; Ortega et al., 2014). Although steroids are the most effective
treatment to reverse the symptoms of asthma, these induce side effects
and their prescriptions are not allowed for long time (Lambrecht and
Hammad, 2015; Borish, 2016). Furthermore, asthma is a heterogeneous
disease and the benefits of corticoids or immunotherapy are not ob-
served in 30% of treated-asthmatic population (Borish, 2016). These
clinical findings reinforce the importance to develop new im-
munotherapies.

Propolis is a natural product produced by honeybees through
mixing saliva and beeswax with exudate from different botanical
sources (AlGabbani et al., 2017; Franchin et al., 2018; Kitamura et al.,
2018). It has been reported that propolis contains more than 300 dif-
ferent compounds among phenolic compounds as flavonoids, aromatic
acids, benzopyranes, as well as essential oils (Sforcin, 2007; Hori et al.,
2013; Miranda et al., 2015). However the composition of propolis is
determined by both the geographic location (vegetation) and the bee's
genetics (Bankova et al., 2014; Kitamura et al., 2018). Brazilian pro-
polis is produced mainly by Africanized bees, which are hybrids be-
tween Apis mellifera scutellata and Apis mellifera and is rich in organic
substances from Baccharis dracunculifolia specie of plant (Park et al.,
2004; Lemos et al., 2007). Several studies have reported biological
activities for green propolis such as anti-bacterial, anti-fungal, wound
healing, anti-inflammatory, as well as immunomodulatory activity
during asthma (Barros et al., 2007; Coelho et al., 2007; Castro et al.,
2011; Machado et al., 2012; Hori et al., 2013; Franchin et al., 2018;
Kitamura et al., 2018), witch scientifically explains its empirical use for
centuries.

Here we used an ovalbumin-induced asthma model to investigate
the anti-inflammatory role of the standardized brazilian green propolis
extract – EPP-AF®. We confirmed that propolis reduced eosinophilic
infiltration and Th2 inflammation, and for the first time, we showed
that propolis increased PMN-MDSC and CD4+Foxp3+ cells in the lungs
of mice exposed to allergen. Propolis increased the PMN-MDSC and
Treg cells differentiation in vitro, suggesting that both leukocytes ne-
gatively regulate asthma associated Th2 inflammation.

2. Materials and methods

2.1. Obtention and chemical characterization of standardized green
propolis EPP-AF®

Propolis EPP-AF® dry extract (batch 005900117, Apis Flora Indl.
Coml. Ltda, Ribeirão Preto, SP, Brazil) was obtained by hydro alcoholic
extraction using maceration followed by turbo extraction process. The
dryness step was preceded according Marquiafável (2015) with some
modifications. The chemical profile was obtained according Berretta
et al. (2012) using HPLC system acopled to DAD-UV detector, using as
reference standards: caffeic acid (Fluka, L. 43706045), p-coumaric acid
(Fluka, L.3250759), 3,5-Dicaffeoylquinic acid (Phytolab, L. 13672946)
and 4,5 dicaffeoylquinic acid (Phytolab, L. 13672903) (Berretta et al.,
2012). The aromadendrin-4-O-etil ether, drupanin, artepillin C and
baccharin were previously isolated, identified and donated by Sousa
et al. Total flavonoid and total polyphenols were analyzed according
Rocha et al. (2013).

2.2. Animals

C57BL/6 female mice (6–8 weeks old) were obtained from the
breeding facility of Ribeirao Preto Medical School (FMRP - University of
São Paulo, Ribeirao Preto, SP, Brazil). Mice were maintained in venti-
lated cages (Alesco, Monte Mor, SP, Brazil) under barrier conditions
with free access to sterile food and water. Experiments were approved
by the Animal Research Ethics Committee of the FMRP (protocol
number 202/2017).

2.3. OVA-induced asthma model

Mice were sensitized with 1.6 mg of aluminum hydroxide adjuvant
and 100 μg of OVA (Sigma, St. Louis, MO, USA) by subcutaneous (s.c.)
route. Fourteen days after the first sensitization, the mice were injected
with 50 μg of OVA in 100 μL of saline by intraperitoneal (i.p.) route.
Seven days after the second sensitization, mice were challenged twice
in a 7-day interval with 100 μg of OVA by intranasal (i.n) route. After
three days, immune response and inflammation were assessed.

2.4. Propolis treatment

Mice were treated with 150 mg/Kg of propolis by gavage after the
last OVA sensitization and during 17 or 22 days, every day (Fig. 1A and
Supplemental Fig. 1A).

2.5. Bronchoalveolar lavage

Bronchoalveolar lavage fluid (BALF) was obtained using saline
sterile, as previously described by Piñeros et al. (2017).

2.6. Flow cytometry

Luns samples were collected and digested with 0.5 ug/mL of lib-
erase and 25U/mL of DNAse (Roche Applied Science, Indianapolis, IN,
USA) at 37 °C for 30 min to obtain single-cell suspension. All the
samples were stained with Live/Dead APC.Cy7 BD Horizon™ Fixable
Viability Stain (BD Biosciences, San Jose, CA, USA). For intracellular
staining, lung cells were stimulated for 6 h with PMA (100 ng/mL),
ionomycin (500 ng/mL) (Sigma-Aldrich) and Golgi Stop (BD
Biosciences), at 37 °C and 5% CO2. Cells were fixed in PBS containing
4% paraformaldehyde and permeabilized in PBS containing 1% FBS,
0.1% sodium azide, and 0.2% saponin. Intracellular staining was per-
formed with specific antibody incubation for 20 min at 4 °C. Cells were
washed and fixed in PBS containing 1% paraformaldehyde. Samples
were acquired in FACSCanto II (BD Bioscience, Franklin Lakes, NJ,
USA) and data obtained were analyzed by FlowJo 7.6.1 TM Software
(Tree Star, Inc., Ashland, Oregon, USA). The following monoclonal
antibody conjugates were used: F4/80 (BM8), CD11c (N418), CD11b
(M1/70), iNOS (CXNFT), CD206 (C068C2), Siglec-F (E50-2440) Ly6G
(1A8), Ly6C (AL-21). CD4 (RM4-5), CD44 (IM7), CD62L (MEL-14),
TIGITII (1G9), Foxp3 (MF23). All antibodies were obtained from BD or
eBioscience.

2.7. Cytokines

IL-5 and IL-13 were measured in BALF and in supernatant from
mediastinal lymph nodes (mLN) cell culture using ELISA kits (BD
OptEIA Set, BD Biosciences, San Diego, CA, USA). mLNs were sterile
processed and cell suspensions (2x106/mL) were stimulated with OVA
(100 μg/mL), Concanavalin A (ConA; 40 μg/mL) or left unstimulated.
Cells were cultured in RPMI-1640 medium (Sigma-Aldrich) supple-
mented with 10% fetal bovine serum during 48 h, at 37 °C and 5% of
CO2 and then the supernatants were harvested to cytokines assay.
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2.8. Real time-PCR

RNA from the frozen lung samples was extracted with the TRIzol
reagent (Life Technologies, Carlsbad, CA, USA) and converted to cDNA
using SuperScript II Reverse Transcriptase kit (Life Technologies).
Quantitative mRNA analysis was performed with a StepOnePlus Real-
Time PCR System (Life Technologies) using the SYBR Green fluores-
cence system. The forward and reverse primer sequences were used for
detection of β-Actin (forward, 5′-CCC TAG GCA CCA GGG TGT GA-3′;
reverse, 5′-GCC ATG TTC AAT GGG GTA CTT C-3′) and Il-13 (forward,
5′-ACC AAC ATC TCC AAT TGC AA-3′; reverse, 5′-ATG CAA TAT CCT
CTG GGT CC-3′).

2.9. MDSC cell differentiation

Bone marrow cell precursors (5x105/mL) from C57BL/6 naive mice
were stimulated with GM-CSF (40 ng/mL) and IL-6 (40 ng/mL) during
4 days for MDSC differentiation, in the presence or absence (vehicle) of
propolis (50 μg/mL). Cells were cultured in RPMI-1640 medium
(Sigma-Aldrich) supplemented with 10% fetal bovine serum at 37 °C
and 5% of CO2.

2.10. Treg cell differentiation

Naive T cells (CD4+CD44−CD62L+) were isolated from spleen and
lymph node of C57BL/6 naive mice using FACS sorting (FACSAria III,
BD Biosciences). To induce Treg differentiation, cells (5x105/mL) were
stimulated with monoclonal antibodies anti-CD3 (1 μg/mL, BD
Pharmingen™ 145-2C11), anti-CD28 (1 μg/mL, BD Pharmingen™
37.51), and murine TGF-β recombinant (3 ng/mL, eBioscience), in
presence or absence of propolis (50 μg/mL) in RPMI-1640 medium
(Sigma-Aldrich) supplemented with 1% sodium pyruvate, 1% non-es-
sential amino acids, and 10% fetal bovine serum. Cells were cultured
during 96 h, at 37 °C and 5% of CO2.

2.11. Statistics

Data are expressed as mean ± SEM and analyzed with StatSoft Inc.
(2004) STATISTICA software, version 7. Significance between two
groups was estimated using the t-test, 1-tailed for parametric data, and
the Mann-Whitney U test for nonparametric data. Experiments with 3
or more groups were analyzed using 1-way ANOVA and corrected using
the Tukey's comparison test and the Kruskal-Wallis test for nonpara-
metric data. A p-value of less than 0.05 was considered significant.

3. Results

3.1. Chemical characterization of propolis extract (EPP-AF®)

Propolis standardized extract, EPP-AF®, was evaluated by HPLC and
the fingerprint is represented on Fig. 1. The chemical characterization
showed the presence of caffeic acid (1.90 ± 0.014 mg/g), p-coumaric
acid (10.016 ± 0.028 mg/g), 3,5-dicafeoyl quinic (3,5-DCQ)
(14.293 ± 0.081), 4,5-DCQ (18.364 ± 0.164), aromadendrin-4-O-
methyl-ether (2.519 ± 0.023), drupanin (17.343 ± 0.072), artepillin
C (50.299 ± 1.039) and baccharin (8.459 ± 0.281). Total flavonoid
content as quercetin demonstrated 41.449 ± 0.425 mg/g and total
poliphenol as gallic acid presented 150.37 ± 0.78 mg/g.

3.2. Propolis treatment ameliorates experimental allergic asthma

We and another groups have shown that EPP-AF® propolis extract
decrease inflammation and improve tissue repair (Barud et al., 2013;
Hori et al., 2013). However, the effect of EPP-AF® in asthma remains
unknown. To determine the effect of propolis in experimental asthma,
we used an ovalbumin (OVA)-induced allergy model. After the second
OVA sensitization, animals were treated with 150 mg/Kg of EPP-AF®
propolis extract by gavage daily (Fig. 2A). As expected, sensitization
and challenge with allergen (OVA group), evaluated 72 h after the last
OVA challenge, increased total cell number, frequency and number of
eosinophils in the BALF compared to control animals (Naive group)

Fig. 1. Characterization of propolis extract. Fingerprint analysis of green propolis extract (EPP-AF). Chromatograms were plotted at 275 nm, using RP-HPLC
equipment with C18 (shim-pack, CLC-ODS (M), 25 cm x 4.6) column and gradient elution with methanol and acidic water (pH = 2.7). Chromatographic profile
includes the compounds: 1. Caffeic acid (around 15 min); 2. p-coumaric acid (around 20 min); 3. 3,5-Dicafeoyl quinic; 4. 4,5-Dicafeoyl quinic; 5. aromadendrin-4-O-
methyl-ether; 6. Drupanin; 7. Artepillin C and 8. Baccharin.
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(Fig. 2B, C). Propolis treatment (OVA + Propolis) reduced the total cell
number into the BALF compared to allergic group (OVA) (Fig. 2B) and
decreased the number and the frequency of eosinophils in the BALF
(Fig. 2B, C). No difference was found in the number and frequency of
neutrophils, macrophages and lymphocytes between OVA and
OVA + propolis groups (Fig. 2B, C). Lower IL-5 levels in the BALF and
lower il13 gene expression in the lungs of OVA + Propolis groups
confirmed the attenuation of Th2 inflammation in animals treated with
Propolis compared to OVA group (Fig. 2D, E). In addition, propolis
treatment also induced a decrease of IL-13 production on lymph node
cell culture re-stimulated with OVA compared to non-treated allergic
mice (Fig. 2F). A significant decrease in the mucus production (Fig. 2G)
as well as in the cellular infiltration (Fig. 2H, I) were found in propolis-
treated allergic mice. Together these results show that propolis played
an anti-inflammatory role in the OVA-induced Th2 inflammation.

3.3. Propolis decreases eosinophils and M2 macrophages in the lungs

Next, the frequency and number of eosinophils were evaluated in
the lungs. Firstly we found that propolis treatment reduced the total cell
numbers in the lungs of allergic mice compared to non-treated allergic
animals (Fig. 3A, B). This reduction was followed by a decrease in the
frequency and number of eosinophils, (CD11b+SiglecF+ cells) (Fig. 3C,
D). Because differentiation of alternatively activated macrophages (M2)
is induced by Th2 immune response and M2 macrophages act on tissue

remodeling, we also quantified this population in the lungs. M2 mac-
rophages, characterized as F4/80+CD11b+CD206+ cells, were in-
creased in frequency and number in the lungs of allergic animals (OVA
group) compared to control animals (Naive group). Propolis treatment
significantly reduced the number of M2 macrophages in the lungs
(Fig. 3E, F). These findings show that propolis decreases eosinophils
and M2 macrophages in the lungs.

3.4. Propolis increases PMN-MDSC and CD4+Foxp3+ cells in the lungs

To evaluate whether the anti-inflammatory effect of propolis could
be mediated by MDSC, which negatively regulates Th2 immune re-
sponse in the experimental asthma (Cao et al., 2019), we evaluate both
M-MDSC (CD11b+Ly6GhighLy6Clow) and PMN-MDSC
(CD11b+Ly6G−Ly6Chigh) in the lungs. We found that propolis treat-
ment induced a significant increase in frequency and number of PMN-
MDSC, but not in M-MDSC in the lung of allergic mice when compared
with non-treated allergic mice (Fig. 4A–C). In attempt to confirm
whether propolis could directly induce the differentiation or expansion
of PMN-MDSC, bone marrow cell precursors were stimulated with GM-
CSF and IL-6 during 4 days for MDSC differentiation, in the presence or
absence (vehicle) of propolis. We confirm that propolis treatment in-
duced an increase of PMN-MDSC cells compared to control (vehicle)
(Fig. 4D–E).

MDSCs have been described to induce Treg differentiation (Lee

Fig. 2. Propolis treatment ameliorates experimental allergic asthma. (A) Female C57BL/6 mice were immunized by s.c. injection with a solution alum and
100 μg of OVA. After 14 days the mice were sensitized with 50 μg of OVA (i.p.) and treated with 150 mg/Kg of propolis by gavage every day during 17 days. Mice
were challenged with OVA, 100 μg (i.n.), twice, 21 days and 28 days after the first immunization. Mice were euthanized three days after second challenge. (B) Total
cell number, (C) frequency and (D) IL-5 production quantified in the BALF. (E) IL-13 secretion quantified in supernatants of mLN cell culture. (F) il-13 gene
expression in the lungs. (G, H) Photomicrographs of H&E and mucus staining. (I) Score of lung inflammation. Data are representative of 2 independent experiments
expressed as mean ± SEM (n = 5–7 mice per group). *P< 0.05.
Naive = non OVA-sensitized, -challenged, non-treated with propolis.
OVA = OVA-sensitized and –challenged.
OVA + Propolis = OVA-sensitized and –challenged and treated with propolis.
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et al., 2016). Because propolis enhances PMN-MDSC cell differentia-
tion, we evaluated whether the increase of PMN-MDSC in the lungs of
allergic mice treated with propolis would be associated with the in-
crease of CD4+Foxp3+ Treg cells. We observed that propolis induced
an increase of frequency and total number of CD4+Foxp3+ cells in the
lungs of allergic mice compared to non-treated allergic group and naive
group (Fig. 5A–C).

These collected findings show that propolis plays an additional ef-
fect in the differentiation/expansion of PMN-MDSC in vivo and in vitro
and increase of Treg cells in vivo.

3.5. Propolis enhances differentiation of CD4+Foxp3+ cells

Next we evaluate whether propolis has a direct effect in the ex-
pansion of Treg cells. To address that, naive T cells isolated from spleen
and lymph nodes were stimulated with TGF-β during four days in the
presence or absence (vehicle) of propolis. Additional treatment with
propolis significantly increased the differentiation of CD4+Foxp3+

cells in vitro (Fig. 6A, B). We also evaluated TIGIT (T cell Ig and ITIM
domain receptor) at the surface of Treg cells since it was previously
described that TIGIT-expressing Treg cells are no capable to suppress

Th2 responses (Joller et al., 2014; Kourepini et al., 2016). Propolis
reduced TIGIT expression on Treg cells (Fig. 6C, D). Together, these
results showed that despite of propolis increase the differentiation of
Treg cells in vitro, it attenuates the expression of TIGIT by these cells.

3.6. Propolis treatment during the challenge with allergen decreases Th2
immune response

Next to address the effect of propolis during established asthma,
animals were treated with propolis after OVA challenges
(Supplementary Fig. 1A). Propolis treatment reduced the frequency and
the number of eosinophils in the BALF of allergic mice (Supplementary
Figs. 1B and C). The decrease in the eosinophils was followed by re-
duction in IL-5 levels in the BALF (Supplementary Fig. 1D). Further-
more, we found a decrease in the secretion of IL-13 on OVA-stimulated
cells obtained from lymph nodes of propolis treated animals
(Supplementary Fig. E).

Collectively, these results show that EPP-AF® green propolis extract
exhibits an immunomodulatory potential that ameliorates asthma-in-
duced Th2 inflammation by increasing differentiation of PMN-MDSC
and Treg cells.

Fig. 3. Propolis decreases eosinophils and M2 macrophages in the lungs. Mice were treated with propolis as described in Figs. 1A and 72 h after OVA challenge,
(A, B) total cell number, (C, D) eosinophils (CD11b+SinglecF+), and (E, F) M2 macrophages (F4/80+CD11b+CD206+) were evaluated by flow cytometry. Data are
representative of 2 independent experiments expressed as mean ± SEM (n = 5–7 mice per group). *p< 0.05.
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4. Discussion

The study of natural products with medicinal properties has resulted
in the discovery of different active compounds used for treatment of
inflammatory disorders (Petrovska, 2012; Attiq et al., 2018). As re-
viewed by Sforcin (2007), propolis extract has been widely used,
mainly for its anti-inflammatory effect, as a medicine in local and
popular medicine, in ancient times by Egyptians, Greeks and Romans,
and its use continues to this day in medicines and personal products.
Was described that propolis decreases leukocyte infiltration and che-
mokine secretion in acute and chronic inflammatory diseases, such as
arthritis and peritonitis (Franchin et al., 2016). In the context of
asthma, propolis has also been shown to decrease polymorphnuclear
cells in the BALF and in the peripheral blood, as well as decrease lung
inflammation in experimental asthma model (Farias et al., 2014; El-
Aidy et al., 2015; Ma et al., 2016).

Here we used the brazilian green propolis EPP-AF® and verified that
there was an eosinophil reduction at the BALF and lungs of allergic
mice after induction of experimental asthma. We showed for the first
time that propolis treatment induces PMN-MDSC and CD4+Foxp3+

cells expansion, which are associated with the reduction of Th2 immune
response.

M-MDSC and PMN-MDSCs, which accumulate in the blood, lym-
phoid organs and spleen during inflammatory conditions, down-mod-
ulate the immune response (Gabrilovich and Nagaraj, 2009; Solito
et al., 2014). Under inflammatory conditions, PMN-MDSC produce

arginase 1 and nitric oxide, which are involved in immune suppression
or immune stimulation (Gabrilovich and Nagaraj, 2009; Lindau et al.,
2013; Solito et al., 2014; Lee et al., 2016). Here we reported that pro-
polis played an additional effect in the differentiation of PMN-MDSC in
vitro, but not M-MDSC, and increased the number of PMN-MDSC, but
not M-MDSC, into the lungs of animals exposed to the allergen.

Recently, it was reported that PMN-MDSCs, but not M-MDSCs, al-
leviated airway allergy by suppressing type 2 innate lymphoid cells
(Cao et al., 2019). It remains to be investigated how PMN-MDSC could
reduce Th2 inflammation induced by propolis treatment. Kitamura and
coworkers showed that propolis induced MDSCs in the visceral adipose
tissue of high fat diet fed mice and increase of IL-10 production
(Kitamura et al., 2018). Therefore, the effect of propolis could be de-
pendent on secretion of IL-10 by PMN-MDSC. Several studies have also
shown that MDSC promote differentiation of Treg cells (Wang et al.,
2016; Ren et al., 2017; Park et al., 2018). It also remains to be ad-
dressed whether PMN-MDSC would have a direct effect in the increase
of CD4+Foxp3+ cells during propolis treatment.

The role of propolis in the expansion of Treg cells is still con-
troversial. Rifa and Widodo (2014) described that propolis treatment
increased Treg cells in naive mice while Kusnul and coworkers (2017)
showed that propolis has not effect in the expansion of Treg cells in
DMBA-induced Breast Cancer in rats. Recent studies showed that Treg
cells are subpopulations that selectively regulate specific T cell re-
sponses (Chaudhry et al., 2009; Cipolletta et al., 2012; Burzyn et al.,
2013a; Burzyn et al., 2013b). We suggest that propolis might selectively

Fig. 4. Propolis enhances PMN-MDSC, but not
M-MDSC cells, in the lung of allergic mice.
Mice were treated with propolis as described in
Figs. 1A and 72 h of OVA challenge, MDSC cells
were evaluated in the lungs by flow cytometry.
(A) Flow cytometry representative analysis. Total
number of (B) M-MDSC cells
(CD11b+Ly6C+Ly6G-) and (C) PMN-MDSC
(CD11b+Ly6GhighLy6Clow) cells in the lungs. (D)
Flow cytometry representative analysis of MDSC
subsets derived from bone marrow cells stimu-
lated with GM-CSF and IL-6 in the presence or
absence of propolis during 4 days. (E) Frequency
of M-MDSC and PMN-MDSC cells. Data are re-
presentative of 2 independent experiments ex-
pressed as mean ± SEM (n = 3–5 mice per
group). *P< 0.05.
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inhibit specific Treg cell subsets, as we showed the decrease of
CD4+Foxp3+TIGIT+. Joller and coworkers described that Treg cells
expressing TIGIT inhibit Th1 and Th17, but not Th2 cells (Joller et al.,
2014). Recently TIGIT was described to enhance Th2 immune response

(Kourepini et al., 2016). Therefore, it is important to evaluate further
the expression of TIGIT on CD4+IL-4+ or CD4+GATA3+ cells in lungs
or draining lymph nodes of animals exposed to allergen and treated
with propolis.

Fig. 5. Propolis enhances the frequency and number of CD4+Foxp3+ cells in the lungs. Mice were treated with propolis as described in Figs. 1A and 72 h after
OVA challenge, Treg cells were evaluated in the lungs by flow cytometry. (A) Flow cytometry representative analysis. (B) Frequency and (C) total number of
CD4+Foxp3+ cells in the lungs. Data are representative of 2 independent experiments expressed as mean ± SEM (n = 3–5 mice per group). *P< 0.05.

Fig. 6. Propolis enhances differentiation of
CD4+Foxp3+ cells. Cells from spleen and mLNs
were isolated from naive animals and cultured
with 3 ng/mL of recombinant TGF-β. After 96 h,
CD4+Foxp3+ cells were evaluated by flow cyto-
metry. (A) Flow cytometry representative analysis.
(B) Frequency of CD4+Foxp3+ cells. (C) Flow
cytometry representative analysis. (D) Frequency
of TIGIT+-expressing Treg cells
(CD4+Foxp3+TIGIT+). Data are representative of
2 independent experiments expressed as
mean ± SEM (n = 3 mice per group). *P< 0.05.
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5. Conclusion

Our findings show that anti-inflammatory role of propolis in a
model of airway Th2 inflammation is associated with increase of PMN-
MDSC and CD4+Foxp3+ cells. Because propolis increases in vitro dif-
ferentiation of PMN-MDSC and CD4+Foxp3+ cells, we suggest that
propolis-mediated anti-inflammatory effect is dependent on suppressor
myeloid cells and regulatory T cells. These results support the in-
vestigation of single bioactive components of EPP-AF® propolis extract
as target for development of new immunotherapy or adjuvant im-
munotherapy for asthma.
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