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ABSTRACT

In healthy lungs, many macrophages are characterized

by IL-10 production, and few are characterized by ex-

pression of IFN regulatory factor 5 (formerly M1) or YM1

and/or CD206 (formerly M2), whereas in asthma, this

balance shifts toward few producing IL-10 and many

expressing IFN regulatory factor 5 or YM1/CD206. In this

study, we tested whether redressing the balance by

reinstating IL-10 production could prevent house dust

mite-induced allergic lung inflammation. PGE2 was found

to be the best inducer of IL-10 in macrophages in vitro.

Mice were then sensitized and challenged to house dust

mites during a 2 wk protocol while treated with PGE2 in

different ways. Lung inflammation was assessed 3 d after

the last house dust mite challenge. House dust mite-

exposed mice treated with free PGE2 had fewer infiltrat-

ing eosinophils in lungs and lower YM1 serum levels than

vehicle-treated mice. Macrophage-specific delivery of

PGE2 did not affect lung inflammation. Adoptive transfer

of PGE2-treated macrophages led to fewer infiltrating

eosinophils, macrophages, (activated) CD4+, and regula-

tory T lymphocytes in lungs. Our study shows that the

redirection of macrophage polarization by using PGE2

inhibits development of allergic lung inflammation. This

beneficial effect of macrophage repolarization is a

novel avenue to explore for therapeutic purposes.

J. Leukoc. Biol. 100: 95–102; 2016.

Introduction

Allergic asthma is a prevalent disease of the airways characterized by
chronic inflammation of the airways with infiltration of eosinophils,
Th2 lymphocytes, and the presence of alternatively activated
macrophages [1–6]. The role of macrophages in the development

and progression of asthma has been a hot topic of late. Alveolar
macrophages were shown to be derived from embryonic progen-
itors, as opposed to circulating monocytes (and thus, hematopoietic
stem cells), and were shown to self-maintain during steady-state
conditions [7–9]. This led to studies investigating the origin of
macrophages during allergic inflammation that characterizes
asthma [10, 11]. These studies indicate that immediately after
allergen exposure, monocytes are recruited to the lung and may
develop into alveolar macrophages. At later time points though,
resident alveolar macrophages proliferate and constitute the main
component of the alveolar macrophage pool. In addition, some
recent and older studies have also highlighted the importance of
resident alveolar macrophages in the maintaining homeostasis in
lung tissue and immigrating monocyte-derived macrophages in
contributing to allergic inflammation [10–13]. The picture that
arises is one of fast recruitment of monocytes after allergen
exposure to fight the perceived dangers of the allergen with
consequent inflammation and subsequent expansion of alveolar
macrophages to restore homeostasis. In asthma, however, this
homeostasis is not achieved.
For yet unknown reasons, the Th2-type inflammation persists,

giving rise to eosinophil infiltration and switching of macrophages
to an alternatively activated phenotype by the high presence of
cytokines, such as IL-4 and IL-13 [14]. Macrophages can be
polarized into many different phenotypes that are hard to define in
vivo [15, 16]. We have shown previously that many macrophages in
healthy lungs are characterized by production of IL-10, and few are
characterized by expression of IRF5 (classically activated macro-
phages, formerly known as M1) or YM1 and/or CD206 (alterna-
tively activated macrophages, formerly known as M2), whereas in
asthma, this balance shifts toward few producing IL-10 and many
expressing IRF5 or YM1/CD206 [1, 4, 5, 17]. This finding suggested
to us that it would perhaps be possible to reinstate homeostatic
behavior of macrophages by inducing IL-10 production in
macrophages in vivo in lung tissue and thereby, treat allergic lung
inflammation. To do this, we first investigated what stimulus could
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effectively induce IL-10 production in macrophages, and this
proved to be PGE2. We then continued with several ways of
offering PGE2 to lung macrophages in mice to study its effect
on the development of HDM-induced allergic lung inflamma-
tion, i.e., i.n. treatment with free PGE2, i.n. treatment with
PMH for macrophage-specific uptake, and i.t.-adoptive transfer
of MPGE2. In addition, we studied whether inducing
homeostatic behavior in hematopoietic stem cell-derived
macrophages differed from resident lung macrophages with
respect to their effects on development of allergic lung
inflammation to investigate if macrophage origin could influ-
ence their homeostatic behavior.

MATERIALS AND METHODS

Animals
Female BALB/cOlaHsd mice (6–8 wk; Harlan, Horst, The Netherlands) and
DO11.10 T cell TCR-transgenic mice (Central Animal Facility, University of
Groningen, The Netherlands) were housed in groups of 4 and had ad libitum
access to water and food. Experiments were approved by the Institutional
Animal Care and Use Committee (University of Groningen) and performed
under strict governmental and international guidelines.

RAW264.7 cultures to assess IL-10 production
Murine RAW264.7 macrophages (American Type Culture Collection,
Manassas, VA, USA) were cultured in DMEM (BE12-604F; BioWhittaker,
Lonza, Basel, Switzerland) at passages 5–15 (+pyruvate; Invitrogen, Thermo
Fisher Scientific, Carlsbad, CA, USA), supplemented with 10% FCS
(Invitrogen, Bleiswijk, The Netherlands), 4.5 g/l glucose, 2 mM
L-glutamine (Gibco, Life Technologies, Bleiswijk, The Netherlands), and
11 mg/l gentamicin (Gibco, Life Technologies). Details of induction and
analysis of IL-10 in RAW264.7 macrophages can be found in the
supplemental data.

Effects of PGE2 and PMH in a model of asthma
Mice (n = 4/group) were exposed i.n. to whole-body HDM extract (Dermato-
phagoides pteronyssinus; Greer Laboratories, Lenoir, NC, USA), according to a
model described previously [4]. In brief, mice received 100 mg HDM in 40 ml PBS
i.n. on d 0 and were challenged with 10 mg HDM in 40 ml on d 7–11. Controls
were exposed to 40 ml PBS (n = 8). On d 7, 9, and 11, mice were treated i.n. with
37 ml PMH (details on synthesis and characterization can be found in
Supplemental Data) in 3 different concentrations (1.85, 3.70, and 7.40 mg/kg)
or with free PGE2 in the same molar concentrations (0.10, 0.20, and 0.40
mg/kg). The control group received mannose-HSA (details on synthesis and
characterization can be found in Supplemental Data) in the same molar
concentration as the highest PMH-treated group (7.0 mg/kg mannose-HSA).
Additionally, 1 group was treated with PBS. Mice were euthanized on d 14. The
left lung lobe was collected to isolate lung cells for flow cytometry, and the right
lung was inflated with 0.5 ml 50% Tissue-Tek optimum cutting temperature
compound (Sakura, Finetek Europe B.V., Zoeterwoude, The Netherlands) in
PBS and zinc-fixed for histologic analyses (details can be found in the
Supplemental Data).

Effects of adoptive transfer of lung and bone-marrow
MPGE2s in a model of asthma
Mice (n = 4/group) received 100 mg HDM i.n. in 40 ml PBS on d 0. On d 6,
control mice received 50 ml PBS i.t., and HDM-exposed mice received PBS,
0.15 106 unstimulated (M0), or 0.15 106 alveolar or bone marrow-derived
MPGE2s (details can be found in the Supplemental Data) in 50 ml PBS i.t.
On d 7–11, mice received 10 mg HDM in 40 ml PBS. Healthy controls
received PBS. Mice were euthanized on d 14, and lungs were collected as
described above (details can be found in the Supplemental Data).

Effects of coculture of DCs and macrophages on
DC function
Mature BM-derived DCs were cocultured with M0 or MPGE2 for 24 h in DMEM
(details can be found in the Supplemental Data). Macrophages were precultured
for 48 h with 10 mM PGE2 or nothing and thoroughly washed with medium
before addition of DCs. During coculture, 100 ml/ml OVA was added to prepare
the DCs for coculture with T lymphocytes from DO11.10 T cell TCR-transgenic
mice to investigate their T lymphocyte-stimulating properties (details can be
found in the Supplemental Data). Control coculture wells did not receive OVA.

Statistics
Data are represented as means 6 SEM. If not normally distributed, data were
log transformed. One-way ANOVA, followed by Holm-Sidak’s multiple
comparisons test, was used to test differences in the case of a normal
distribution. In the case of non-normal distribution after transformation,
a Kruskal-Wallis test, followed by a Dunn’s multiple comparisons test, was used.
P , 0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION

In this study, we boosted the anti-inflammatory function of
macrophages by stimulating IL-10 expression. Our previous
studies showed that IL-10-expressing macrophages disappear in
lung tissue of human asthmatics and in mouse models of allergic

Figure 1. (A) The percentage of RAW 264.7 macrophages expressing
IL-10 is significantly higher after being stimulated with 10 mM PGE2

compared with nonstimulated controls (n = 8). Stimulation with
10 ng/ml LPS or 100 mM adenosine did not result in more
macrophages expressing IL-10 (n = 3). **P , 0.01 using a Kruskal-Wallis
test, followed by a Dunn’s multiple comparisons test comparing the
different treatment groups vs. control. (B) The percentage of RAW
264.7 macrophages expressing IL-10 is significantly higher after being
stimulated with increasing amounts PGE2 or with equimolar, in-
creasing amounts of PMH compared with nonstimulated controls
(n = 7). Equimolar amounts of Man-HSA did not affect the number
of IL-10-expressing macrophages (n = 7). *P , 0.05, ***P , 0.001
using a Kruskal-Wallis test, followed by a Dunn’s multiple comparisons
test comparing the different treatment groups vs. control.
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and nonallergic lung inflammation, whereas macrophages
associated with IL-4/IL-13 stimulation increase (refs. [1, 4, 17]
and [unpublished results]). Therefore, we incubated RAW264.7
macrophages with a number of substances that have been
reported to stimulate IL-10 expression in macrophages, namely
adenosine, PGE2, and LPS [18–21]. Of these three, PGE2 was
the only one that could significantly stimulate IL-10 expression
in RAW264.7 macrophages, leading to a 5-fold increase in the
number of IL-10-positive macrophages (Fig. 1A). PGE2 is a well-
known, antiasthmatic compound that has been shown to
prevent allergen-induced bronchoconstriction and inhibit

airway hyper-responsiveness and inflammation [22]. These anti-
asthmatic effects were shown to be mediated through EP2 and EP4
on T lymphocytes, monocytes/macrophages, mast cells, and
bronchial smooth muscle cells [23–28]. This wide range of target
cells, of course, presented us with a challenge in trying to show
anti-inflammatory effects of PGE2 on macrophages specifically.
Therefore, we also studied a more macrophage-specific prepara-
tion of PGE2, namely PMH. We have shown before that
mannosylated albumin is taken up specifically by macrophages
expressing the mannose receptor (CD206) [29]. As macrophages
in asthmatic lungs are characterized by high expression of

Figure 2. Mice exposed to HDM and treated with
PBS during HDM exposure have significantly
more infiltrating eosinophils in lung tissue (A),
higher levels of YM1 in serum (B), more CD4+

T lymphocytes (C), more activated CD4+

T lymphocytes (D), more regulatory T lympho-
cytes (E), more macrophages (F), and higher
expression of MHC II (G) and CD206 (H) on
macrophages in lung tissue than healthy control
mice. Treatment with 0.4 mg/kg PGE2 resulted in
significantly lower eosinophil infiltration in lung
tissue and lower levels of YM1 compared with
PBS-treated animals but had no effect on the
infiltrating T lymphocyte subsets and the number
of macrophages in lung tissue or the expression
of MHC II and CD206 on these macrophages.
Foxp3, Forkhead box p3. **P , 0.01, ***P ,
0.001 using a Kruskal-Wallis test, followed by a
Dunn’s multiple comparisons test comparing
control vs. PBS and PBS vs. PGE2.
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CD206 [1, 17], we coupled PMH for macrophage-specific uptake and
possibly macrophage-specific effects. The treatment of macrophages
with 100mg/ml PMH induced similar high numbers of IL-10-expressing
macrophages compared with an equimolar amount of free PGE2 (Fig.
1B). When lowering the dose of either PMH or free PGE2 tenfold or a
hundredfold, we found a dose-dependent reduction of the number of
IL-10-expressing macrophages. Macrophages treated with mannosylated
HSA in similar concentrations as PMH were not stimulated to express
more IL-10 as compared to untreated control macrophages.
Having found that free PGE2 and PMH could stimulate IL-10

expression in macrophages in vitro, we treated mice with three
different concentrations of each compound during the induction
of allergic lung inflammation to investigate whether they

could dampen inflammation. Exposure to HDM induced
significantly higher numbers of eosinophils, (activated) CD4+

T lymphocytes, regulatory T lymphocytes, and higher levels of
YM1 in lung tissue compared with control mice (Fig. 2A–E).
Treatment with free PGE2 led to a clear and dose-dependent
reduction of eosinophils and YM1 in lung tissue, with the highest
dose being the most effective. The results presented in Fig. 2 show
the effects of the highest PGE2 dose of 0.4 mg/kg; the results of the
lower doses can be found in Supplemental Fig. 2A and B. There
was no effect of this PGE2 dose on numbers of the different
T lymphocyte subsets. HDM exposure also led to significantly
more macrophages in lung tissue compared with control
(Fig. 2F), and these HDM-exposed macrophages expressed more

Figure 3. Mice exposed to HDM and treated with
PBS during HDM exposure have significantly
more infiltrating eosinophils in lung tissue (A),
higher levels of YM1 in serum (B), more CD4+

T lymphocytes (C), more activated CD4+

T lymphocytes (D), more regulatory T lympho-
cytes (E), more macrophages (F), and higher
expression of MHC II (G) and CD206 (H) on
macrophages in lung tissue than healthy control
mice. Treatment with 7.4 mg/kg PMH (equimo-
lar to 0.4 mg/kg PGE2) did not affect eosinophil,
CD4+ T lymphocyte infiltration, number of
macrophages in lung tissue, or the expression of
MHC II and CD206 on these macrophages in
lung tissue. Treatment with 7.4 mg/kg PMH did
result in lower levels of YM1 in serum compared
with PBS-treated animals, but this was a result of
an effect of treatment with empty carrier Man-
HSA, as treatment with an equimolar amount of
7.0 mg/kg Man-HSA had the same effect. Treat-
ment with Man-HSA did not affect infiltration of
eosinophils, T lymphocytes, number of macro-
phages in lung tissue, or the expression of MHC II
and CD206 on these macrophages. *P , 0.05,
**P , 0.01, ***P , 0.001 using a Kruskal-Wallis
test, followed by a Dunn’s multiple comparisons
test comparing control vs. PBS, PBS vs. Man-HSA,
and Man-HSA vs. PMH.
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CD206 and MHC II than macrophages from control lung
tissue (Fig. 2G and H). Treatment with 0.4 mg/kg PGE2 did
not affect numbers of lung macrophages or expressions of
CD206 or MHC II on these macrophages.
Thus, we could confirm that free PGE2 instilled in the lungs had

anti-inflammatory potential, as was shown in many studies before,
but whether this was a result of a specific effect on macrophages
was unclear. Our macrophage-specific construct of PMH (7.4 mg/kg)
induced IL-10 expression significantly in macrophages in vitro
but failed to have any anti-inflammatory effects in vivo (Fig. 3A–H).
There are several possible explanations for this phenomenon. The
use of mannosylated albumin directs the construct toward uptake
through mannose receptors [29], degradation of the construct in
lysosomes, and potentially to the release of free PGE2. The
receptors for PGE2 are, of course, on the outside of the cell, and
the effectiveness of this approach relies on the PGE2 being
released outside of the cell again. Our in vitro experiments showed
that this does work, and PGE2 coupled to mannosylated albumin
can be as effective as free PGE2. However, in vivo distribution and
elimination effects may have impeded its effects. For instance,
mature alveolar macrophages have a much higher expression
of mannose receptors than interstitial or monocyte-derived
macrophages [30] and may have scavenged most of the
construct as a result of their high receptor density and their prime

location on the treatment side in the lungs (the construct was
instilled i.n.). This is of relevance, as studies from Zaslona et al.
[10] and Gundra et al. [31] have shown that mature alveolar
macrophages protect against allergic lung inflammation, whereas
newly derived macrophages from proliferation or recruited
monocytes may be promoting development of inflammation.
Therefore, the mannose receptor-directed version of PGE2 may
have been scavenged by the cells that do not need to be modified.
The only clear effect that the PGE2 construct had was a

reduction in YM1 levels in serum. YM1 is highly produced by
IL-4/IL-13-stimulated macrophages in lung tissue, and we have
found that levels in serum reflect lung tissue well in HDM-induced
lung inflammation (data not shown). As mannosylated albumin had
the same effect with or without PGE2 being present, this appears to
be the result of some interaction of the mannosylated construct with
YM1 or the mannose receptor with YM1 production. To date, we
have not been able to find any evidence to explain this observation.
As our macrophage-specific PGE2 formulation was not

effective, we treated macrophages ex vivo with PGE2 to induce
their anti-inflammatory phenotype and adoptively transferred
them into the lungs during the induction of allergic lung
inflammation with HDM. This also gave us the opportunity to test
whether macrophages with a hematopoietic origin would have a
different effect compared with lung macrophages with an

Figure 4. Mice exposed to HDM and treated with PBS during HDM exposure have significantly more infiltrating eosinophils in lung tissue (A),
higher levels of YM1 in serum (B), equal numbers of CD4+ T lymphocytes (C), more activated CD4+ T lymphocytes (D), and a trend toward more
regulatory T lymphocytes (E) in lung tissue than healthy control mice. Adoptive transfer of M0 (open circles, lung macrophages; closed triangles,
BM-derived macrophages) did not affect these parameters, except for a trend toward more eosinophils in lung tissue compared with PBS-treated
animals. Adoptive transfer of MPGE2 resulted in a trend toward less eosinophil and effector T lymphocyte infiltration into lung tissue and
significantly less CD4+ and regulatory T lymphocyte infiltration into lung tissue compared with mice that received unstimulated macrophages.
There was no statistical difference between adoptively transferring lung macrophages or BM-derived macrophages. *P , 0.05, **P , 0.01 using a
Kruskal-Wallis test, followed by a Dunn’s multiple comparisons test comparing control vs. PBS, PBS vs. M0, and M0 vs. MPGE2.
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embryonic origin. We did not observe any differences between
the effects of lung macrophages or BM-derived macrophages,
and therefore, we combined these groups in Fig. 4. Adoptive
transfer of untreated lung or BM-derived macrophages (M0) had
very little effect on development of allergic lung inflammation.
There was a trend toward more eosinophils infiltrating lung
tissue of HDM-exposed mice that were treated with unstimulated
macrophages compared with untreated HDM-exposed mice

(Fig. 4A; P = 0.06). Treatment with MPGE2s did affect development of
HDM-induced inflammation. Overall, less inflammation was seen
with less infiltrating eosinophils (Fig. 4A; trend, P = 0.06) and less
infiltrating CD4+ T lymphocytes (Fig. 4C), with both activated
T lymphocytes and regulatory T lymphocytes being down (Fig.
4D and E) compared with treatment with unstimulated
macrophages. In addition, we found a trend toward less
macrophages being present (Fig. 5A; P = 0.08) and a trend

Figure 5. Mice exposed to HDM and treated with
PBS during HDM exposure have significantly
more total macrophages in lung tissue (A), less
IL-10+ macrophages (B), and higher expression
of MHC II (C) and CD206 (D) on these
macrophages than healthy control mice. Adoptive
transfer of M0 (open circles, lung macrophages;
closed triangles, BM-derived macrophages) did
not affect these parameters compared with PBS-
treated animals. Adoptive transfer of MPGE2

resulted in a trend toward less total macrophages
and more IL-10+ macrophages in lung tissue
compared with mice that received unstimulated
macrophages. Expressions of MHC II and CD206
were not affected by MPGE2s, and there was no
statistical difference between adoptively transfer-
ring lung macrophages or BM-derived macro-
phages. (E–H) Representative photos of the
IL-10/Mac3 double stainings are shown. Nuclear
counter staining was omitted to maximize visibility
of double-positive cells (original magnification,
2003). Lung sections were stained for IL-10
(blue) and a general macrophage marker Mac3
(red) to identify IL-10+ macrophages specifically.
The arrows indicate some examples of double-
positive cells, which were counted and related to
total lung tissue surface, as depicted in B.
*P , 0.05, ***P , 0.001, ****P , 0.0001
using a Kruskal-Wallis test, followed by a
Dunn’s multiple comparisons test comparing
control vs. PBS, PBS vs. M0, and M0 vs. MPGE2.
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toward higher numbers of IL-10+ macrophages being present in
lung tissue compared with treatment with unstimulated macro-
phages (Fig. 5B; P = 0.15). Other macrophage phenotypes
(i.e., expression of MHC II or CD206; Fig. 5C and D) had not
changed compared with treatment with unstimulated macro-
phages. Thus, this approach inhibited more HDM-induced effects
than treatment with free PGE2, and this may have been caused by
the higher levels of PGE2 that the adoptively transferred
macrophages were exposed to in vitro or the fact that multiple cell
types in the lung are affected by free PGE2, which may have
counterbalanced some of the macrophage-specific effects. These
findings indicate that the lower numbers of the IL-10-producing
macrophages that we have found in asthma patients and in mouse
models of asthma are important in the development of allergic
inflammation, as reintroducing these macrophages into lung tissue
has obvious beneficial effects [4, 17]. Whether these MPGE2s are also
effective in asthma that already has fully developed is an important
question that needs further studies. If so, this could open up a
whole new therapeutic perspective for the treatment of asthma.
An open question is the mechanism by which MPGE2s inhibit

HDM-induced lung inflammation. This could be a result of
increased expression of IL-10 by macrophages, as we found a
trend toward more IL-10-expressing macrophages in lung tissue
of the mice receiving MPGE2s. The groups of Holt and coworkers
[13, 32, 33] described another possible mechanism many years
ago. They showed that alveolar macrophages can down-regulate
the APC functions of DCs and directly inhibit T lymphocyte
proliferation themselves. As we found that the inhibition of HDM-
induced lung inflammation by MPGE2s was most pronounced for
the infiltration of CD4+ T lymphocytes, we subsequently in-
vestigated whether this effect was mediated through modulation of
DC function by MPGE2s. To do this, we incubated M0 or MPGE2 with
BM-derived DCs, with or without OVA. After 24 h of coculture, the
DCs were then cocultured with OVA-specific CD4+ T lymphocytes
to study effects on T lymphocyte proliferation and cytokine
production. DCs in the presence of OVA and unstimulated
macrophages could effectively induce T lymphocyte proliferation
with no particular direction in the response, as Th1-, Th2-, and

Th17-related cytokines were all produced more than when DCs
were not preincubated with OVA and unstimulated macrophages
(Table 1). The preincubation of DCs with OVA and MPGE2s did not
make any difference for T lymphocyte proliferation and cytokine
production compared with preincubation with unstimulated
macrophages. Thus, we could not find evidence for this hypothesis.
Therefore, it is likely that these anti-inflammatory macrophages
have a local effect through inhibiting T lymphocyte proliferation in
lung tissue or through other anti-inflammatory effects. The Peters-
Golden group [34] recently published an interesting suggestion
with respect to this latter option. They showed that anti-
inflammatory effects of MPGE2s can be mediated through increased
transcellular delivery of vesicular suppressor of cytokine signaling
proteins. The elucidation of these pathways further may give
valuable information on how to stimulate anti-inflammatory
behavior in macrophages without the help of PGE2. This is of
particular interest, as the development of PGE2 as a drug in asthma
has been hindered by its propensity to induce cough [35, 36].
In conclusion, our study has shown that redirecting macro-

phage polarization toward an anti-inflammatory, IL-10-producing
phenotype by using PGE2 inhibits the development of allergic
lung inflammation. This beneficial effect of repolarization was
independent of macrophage origin, increasing the potential of
the approach for therapeutic purposes.
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TABLE 1. BM-derived DCs preincubated with M0 and cocultured with OVA-specific CD4+ T lymphocytes induced significantly more
T lymphocyte proliferation and cytokine production when also exposed to OVA compared with no OVA being present. Preincubation

of DC with MPGE2 did not affect this T lymphocyte proliferation and cytokine production.

T lymphocyte proliferation and
cytokine productiona

DCs + T lymphocytes
cocultured with no

OVA, n = 6

DCs (preincubated
with M0) + T lymphocytes

+ OVA, n = 6

DCs (preincubated with
MPGE2) + T lymphocytes

+ OVA, n = 4

T lymphocyte proliferation 20 6 5b 100 6 0 122 6 67
TNF-a production 5.2 6 1.2c 100 6 0 148 6 28
IFN-g production 0.3 6 0.2c 100 6 0 107 6 14
IL-6 production 0.7 6 0.4c 100 6 0 197 6 65
IL-12p70 production 4.0 6 2.4c 100 6 0 112 6 22
IL-4 production 0.8 6 0.3d 100 6 0 81 6 17
IL-5 production 0.3 6 0.2d 100 6 0 74 6 17
IL-13 production 0.2 6 0.1d 100 6 0 95 6 17
IL-10 production 0 6 0c 100 6 0 119 6 15
IL-17 production 0.1 6 0.03c 100 6 0 103 6 16

aAll are % of M0 + OVA. bP , 0.001. c P , 0.05. dP , 0.01 all using a Kruskal-Wallis test, followed by a Dunn’s multiple comparisons test comparing no
OVA vs. OVA + M0 and OVA + M0 vs. OVA + MPGE2.
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