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a b s t r a c t

Late phase reaction (LPR) of immediate hypersensitivity is a Th2 response characterized by eosinophil
recruitment and related to allergic asthma pathogenesis. Several strategies were developed trying to con-
trol the tissue damage observed in this reaction. Recently, we verified that killed Propionibacterium acnes
(P. acnes), a Gram-positive bacillus, immunomodulated LPR in a murine model, potentiating or suppress-
ing it depending on the treatment protocol used. However, the bacterium compounds responsible for this
effect are not known, leading us to investigate if P. acnes purified soluble polysaccharide (PS) could be a
major component involved on the modulation induced by the bacterium. Recently, we demonstrated that
PS, like P. acnes, induces adjuvant effect on DNA vaccine, increases bone marrow dendritic cell precursors
in vivo and its maturation in vitro, and modulates in vitro macrophage tumoricidal activity. Herein, we
determined the chemical PS composition, which is mainly constituted by galactopyranose, ribopyranose,
arabinopyranose, glucopyranose, ribofuranose and mannopyranose, and analyzed its capacity to modu-
late the immediate hypersensitivity in mice. Animals were subcutaneously implanted with coagulated
hen’s egg white (HEW) and 14 days later challenged with ovalbumin (OVA) in the footpad, developing

a typical LPR after 24 h. Similarly to the whole bacterium, Th2 response to OVA was potentiated when
PS was administered concomitantly to HEW implantation, by increase in footpad eosinophilia and IL-
4-producing spleen cells, and decrease in anti-OVA IgG2a titers and IL-12- or IFN-�-producing cells. On
the other hand, the reaction was abrogated when HEW implantation was performed 1 week after PS-
treatment, by decrease in footpad swelling, eosinophilia and anti-OVA IgG1 levels, and increase in IgG2a
titers and IL-12-producing cells. These data suggest that PS seems to be the major P. acnes compound
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responsible for its effects

. Introduction

The immediate hypersensitivity reaction is a Th2 mediated
esponse followed by a late phase reaction (LPR), characterized by
osinophil infiltrate [1,2]. LPR underlies the pathogenesis of aller-
ic asthma, in which the airway eosinophilia, the increased mucus

roduction and structural remodeling lead to airway obstruction
nd bronchial hyperresponsiveness to inhaled allergen [3,4].

This reaction is mediated by specific immuneglobulin isotypes,
uch as IgE (humans and mice) and IgG1 (mice), induced by

∗ Corresponding author. Tel.: +55 11 5576 4529; fax: +55 11 5549 6073.
E-mail address: imaugeri@unifesp.br (I.M. Longo-Maugéri).
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h2 cytokines, in particular IL-4, IL-13 and IL-5 [5,6]. IL-5 pro-
otes eosinophils recruitment and differentiation, and these cells

elease pro-inflammatory cytokines that contribute to tissue dam-
ge [7,8].

It is expected that inhibition of Th2 cytokines may control
ver-expression of IgE and eosinophils [9], what have led to the
evelopment of several strategies to decrease Th2 responses to
llergens through the Th1 pattern induction [10–12].

Propionibacterium acnes (P. acnes) is a Gram-positive bacillus

hich belongs to the normal human skin microflora [13,14], and

t has been characterized as a typical Th1 response-inducing anti-
en [15–17]. In experimental models, killed P. acnes increases the
ndotoxic shock induced by LPS [18], activates the mononuclear
hagocytic system [19], induces tumoricidal activity [20–22], acts

http://www.sciencedirect.com/science/journal/01652478
http://www.elsevier.com/locate/
mailto:imaugeri@unifesp.br
dx.doi.org/10.1016/j.imlet.2008.10.005


1 ology

a
t
a
1
I

u
I
i
c
w
i
[
P
h
a
P
T
[

a
r
T
i
w

c
r
a
m
o
f
p
P
e
m
P
b
c
t
c
s
f

c
t
O
i
t
t
w
b
H
P
m

2

2

u
b
e

2

t
a
r
p

2

[
(
s
t
[
a
W
t
t
T
r
r
s
d
p
B

f
a
s
D

2

8
c
1
w
d
b
a
w
i
fi
t
n
[

2

C
a
f
T
l
h

58 C.C. Squaiella et al. / Immun

s adjuvant for antibody response [23,24] and enhances resistance
o infections [25–30]. The mechanisms implicated in these effects
re related to a Th1 response, with increased production of IL-
2, IL-18, IFN-�, IL-1�, IL-6 and TNF-� [31–35] and reduction of
L-4-producing CD4+ NKT cells [34].

The property of killed P. acnes to promote a Th1 response has led
s, in a previous work, to study its effects on a murine model of type
hypersensitivity [36], described by Facincone et al. [37]. Accord-

ngly, F1 BALB/c × A/J mice were inoculated subcutaneously with
oagulated hen’s egg white (HEW) and 14 days later challenged
ith aggregated ovalbumin (OVA) in the footpad; a typical LPR of

mmediate hypersensitivity with intense eosinophilia was induced
37]. We demonstrated that when mice were pre-treated with killed
. acnes and sensitized with HEW after 1 week, the immediate
ypersensitivity inflammation was abrogated, and mice developed
Th1 response after OVA challenge [36]. In contrast, when killed

. acnes was administered concomitantly to HEW implantation, the
h2 response to OVA was potentiated, with intense eosinophilia
36].

In this previous study, a commercially obtained phenol-killed P.
cnes suspension was used [36], and it is known that polysaccha-
ide components are preferentially exposed by phenol treatment.
his led us to hypothesize that polysaccharide compounds could be
mplicated in the induction of Th1 or Th2 responses to OVA by the

hole bacterium.
So we purified a soluble polysaccharide extracted from P. acnes

ell wall (PS) and studied its biological effects. This polysaccha-
ide, similarly to the whole bacterium, increased nitric oxide (NO)
nd TNF-� synthesis, enhanced phagocytic activity by peritoneal
acrophages and promoted resistance to infection [38]. We also

bserved that PS was a major P. acnes component responsible
or bacterium adjuvant effect to antibody response and IFN-�
roduction on a Trypanosoma cruzi DNA vaccine [24]. Besides,
. acnes and PS were able to modulate the number of differ-
nt peritoneal cell populations and their functions, including
acrophage tumoricidal activity [22]. We also demonstrated that

S was implicated in the P. acnes ability to induce increase in
one marrow CD34+ cells and their differentiation in dendritic
ells (DCs) in vivo and in vitro [39]. This could be important in
he immediate hypersensitivity modulation, since DCs are asso-
iated to Th1 or Th2 responses induction [40]. However, the fine
tructural characterization of this compound had not yet been per-
ormed.

Therefore, in the present work, we determined the carbohydrate
omposition of soluble PS and investigated if it is involved with
he modulation of the Th2 immediate hypersensitivity reaction to
VA induced by P. acnes. Mice were treated with PS as described

n our previous work for P. acnes-treatment [36] and submitted to
he allergic model described by Facincone et al. [37]. Similarly to
he whole bacterium [36], the Th2 response to OVA was abrogated
hen mice were sensitized with HEW 1 week after PS-treatment,

ut it was potentiated when PS was administered concomitantly to
EW implantation. These data suggest that PS is one of the major

. acnes compound responsible for its effects on Th1 or Th2 pattern
odulation.

. Materials and methods
.1. Animals

Male or female 6-week-old F1 hybrid mice (BALB/c × A/J) were
sed in all experiments. Experimental procedures were approved
y the special University Ethics Committee for animal care and
xperimentation.
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d
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.2. Heat-killed P. acnes suspension

P. acnes (obtained from Instituto Adolfo Lutz, SP, Brazil) was cul-
ured in anaerobic medium (Hemobac – Probac, SP, Brazil) for 3 days
nd washed three times by centrifugation. The bacterial pellet was
e-suspended in 0.9% NaCl and autoclaved for 20 min at 120 ◦C. The
rotein concentration was determined by Bradford method [41].

.3. P. acnes-soluble polysaccharide extraction

P. acnes-soluble polysaccharide was obtained as described
22,24,39]. Briefly, to 30 mL of heat-killed bacteria suspension
1 mg/mL), 30 mL of 90% phenol were added and the suspen-
ion was incubated for 10 min in a water bath at 70 ◦C, based on
he Palmer and Gerlough protocol for polysaccharide extraction
42]. After centrifugation at 2000 × g under refrigeration, the water
nd intermediate (polysaccharide enriched) phases were collected.
ater was added to phenol phase and this procedure was repeated

hree times. The aqueous and intermediate phases were pooled and
he polysaccharide was precipitated with 3 volumes of ethanol.
he suspension was kept at 4 ◦C overnight, and the polysaccha-
ide was collected by centrifugation. The pellet was dried under
educed pressure, re-suspended in distilled water and designated
oluble polysaccharide (PS). The carbohydrate concentration was
etermined by the Dubois method [43], and solutions were pre-
ared based on total carbohydrate/mL. No protein was detected by
radford method [41].

The apparent molecular weight of PS was estimated by high per-
ormance liquid chromatography using a TSG G2000 SW column,
nd mannan of 34–64 kDa (Sigma, MO, USA) was used as internal
tandard. The polysaccharide elution profile was determined by the
ubois method [42].

.4. Sample preparation for polysaccharide characterization

Soluble polysaccharide from P. acnes (40 �g) was heated at
5 ◦C overnight in 1 mL of 3 N methanolic hydrochloric acid. After
ooling to room temperature, the mixture was extracted with
mL of hexane (Merck, Darmstadt, Germany), the lower phase
as evaporated to dryness at 40 ◦C under nitrogen and further
ried under vacuum in a desiccator (1 h). Samples were acetylated
y heating in a mixture of 100 �L pyridine (Sigma) and 100 �L
cetic anhydride (Sigma) at 60 ◦C for 1 h. The reaction mixture
as evaporated with nitrogen (temperature below 40 ◦C), dissolved

n 2 mL of dichloromethane (B&J, Muskegon, USA), and washed,
rst with a 0.05 M HCl solution (1 mL) and then twice with dis-
illed water (1 mL). Samples were evaporated to dryness with
itrogen, dissolved in 200 �L of hexane, and analyzed by GC/MS
44,45].

.5. Gas chromatography–mass spectrometry (GC/MS)

Instrument used was a GC3800-MS1200 (Varian, Palo Alto,
A), operated in electron ionization (EI) mode. All component
nalyses were performed on a 30 m CP-Sil eight bonded phase
used silica capillary column (30 m 0.25 mm I.D., Chrompack,
he Netherlands). Volumes of 1 �L were injected in the split-
ess mode at an injector temperature of 290 ◦C; the helium
ead column pressure was 69 kPa. The initial column temper-
ture, 40 ◦C, was increased to 300 ◦C (5 ◦C/min), where it was

eld for 5 min. The temperature of the interface (between GC
nd MS systems) was 290 ◦C. A re-N-acetylation step was used
fter methanolytic depolymerization to ensure that hexosamines,
f present, would be detected as their acetamido derivatives. All
erivatives were identified by comparison of retention times and
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2.15. Statistical analysis
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ass spectra compared to authentic standards and published
ata.

.6. Amino acid analysis

Amino acid composition was determined by high performance
iquid chromatography system (Shimadzu LC-10A/C R7A, Tokyo,
apan) with sodium citrate eluent and post-column derivatization

ith OPA (O-phthaldialdehyde).

.7. Heat-coagulated hen’s egg white

Heat-coagulated hen’s egg white (HEW) was prepared as previ-
usly described [37]. After solidification of egg white for 30 min
n boiling water, it was separated, washed in distilled water
nd dehydrated in 100% ethanol for 24 h. Small fragments of
mm × 2 mm × 2 mm (approximately 40 mg) were obtained and

e-hydrated in sterile PBS for 2 h at room temperature before
mplantation.

.8. Heat-aggregated OVA

Grade II ovalbumin (Sigma) was diluted in saline (0.9% NaCl) at
0 mg/mL and heated in a dry bath for 5 min at 100 ◦C. After cen-
rifugation at 3000 × g for 10 min, the supernatant was discarded
nd the pellet re-suspended in sterile saline at the same initial
oncentration.

.9. Immediate hypersensitivity murine model

The immediate hypersensitivity murine model used in this
ork was developed by Facincone et al. [37]. Accordingly, when

1 hybrid mice (BALB/c × A/J) are subcutaneously implanted with
EW (40 mg) and challenged, after 14 days, with 50 �L of
eat-aggregated OVA (20 mg/mL) in the footpad, they develop

immediate hypersensitivity reaction, characterized by foot-
ad swelling and eosinophil infiltration. Three peaks of footpad
welling can be observed, at 0.5, 6 and 24 h, the last correspond-
ng to the type I immediate hypersensitivity late phase reaction
37].

.10. P. acnes- or PS-treatment protocols

Based in our previous study, in which type I immediate hyper-
ensitivity late phase reaction was differently modulated by two
istinct treatment protocols with phenol-killed P. acnes [36], we
sed these two protocols to submit the animals (n = 6) to heat-killed
. acnes- or PS-treatment. In Protocol 1, mice were injected subcu-
aneously once a week with P. acnes (140 �g/350 �L/animal) or PS
25 �g/350 �L/animal) during 3 weeks, and HEW was implanted
oncomitantly to the last P. acnes or PS injection. In Protocol 2, HEW
as implanted 1 week after the third dose of P. acnes or PS. For

ach protocol, the respective control group was treated with ster-
le saline at the same conditions. In both protocols, animals were
hallenged with aggregated OVA in the footpad, 14 days after HEW
mplant, as described above.

Animals treated with P. acnes were used for comparison pur-
oses in anti-OVA IgG titers determination.
.11. Analysis of footpad swelling

Footpad diameters were measured at 0.5, 3, 6, 9, 24 and 48 h after
ggregated OVA challenge with a gauge caliper (Mitutoyo, Japan),
n control and PS-treated groups. Swelling values were obtained by

b
a
g
w
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ubtracting the footpad diameter before challenge from the footpad
iameters after different times of the challenge (�).

.12. Histological analysis

Footpad lesions from control and PS-treated animals were
xcised 24 and 48 h after aggregated OVA-challenge, fixed in Bouin
olution and appropriately prepared for HE staining. The number of
osinophils and other leukocytes infiltrating the lesions was eval-
ated by counting the number of cells in 10 different fields (∼50
ells/field) from each histological preparation (two slide sections
f each group).

.13. Detection of specific OVA antibodies

Sera of control, P. acnes- or PS-treated mice were collected
4 and 48 h after OVA challenge, pooled and analyzed by ELISA
or anti-OVA total IgG and its subclasses IgG1 and IgG2a. Briefly,
6-well plates were coated with soluble OVA (4 �g/100 �L/well)

n PBS for 2 h at 37 ◦C, followed by overnight incubation at 4 ◦C.
fter blocking with PBS–1% BSA (100 �L/well) for 1 h at room

emperature, samples were added (100 �L/well) diluted in PBS
rom 1:100–1:12,800 for total IgG detection and 1:25–1:12,800
or IgG1 and IgG2a, and incubated for 30 min at 37 ◦C. Reactions
ere detected using 100 �L/well of HRP-conjugated anti-mouse

gG 1:2,000 (Zymed, CA, USA) for 1 h at 37 ◦C, or biotinilated anti-
ouse IgG1 or IgG2a 1:4000 (BD Pharmingen, CA, USA) for 1 h

t 37 ◦C followed by 50 �L/well of HRP-conjugated streptavidin
:4000 (BD Pharmingen) for 30 min at room temperature. Perox-

dase activity was assessed with OPD-substrate and stopped with
N H2SO4. Optical density (OD) was determined at 492 nm. The

gG1/IgG2a ratio was determined based on the mean of optical
ensities of each group.

.14. Intracellular cytokines detection

In order to verify whether the cytokine pattern at the moment
f challenge could be related to the modulation of Th2 response
o OVA in PS-treated mice, spleen cells from control or PS-
reated animals were obtained 14 days after HEW implantation,
efore aggregated OVA challenge. The number of IL-4-, IL-12-
r IFN-�-producing spleen cells was determined by intracellular
taining and analyzed by flow cytometry. Briefly, cell suspen-
ion was counted with Trypan Blue to determine the cellular
iability and concentration (total absolute number of cells/mL).
ells were incubated for 30 min at 4 ◦C with PBS–5% normal
ouse serum to block Fc receptors, and permeabilized with 0.2%

riton-X for 6 min at room temperature. Intracellular staining
as performed with PE-conjugated anti-mouse IL-4 or anti-
ouse IL-12 and FITC-conjugated anti-mouse IFN-� mAbs (BD

harmingen). The percentage of IL-4+, IL-12+ or IFN-�+ cells
as determined by flow cytometry (FACSCan – Becton Dickin-

on, CA, USA) and converted to absolute number of cells based
n the total cell concentration obtained by Trypan Blue count-
ng.
Student’s t-test was used to determine the statistical differences
etween control and PS-treated groups (Figs. 1 and 6, and Table 2)
nd ANOVA was used between control, P. acnes- and PS-treated
roups (Figs. 3–5). Differences was taken as statistically significant
hen p < 0.05.
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Fig. 1. Footpad swelling of control and PS-treated mice after OVA challenge. Footpad
swelling of animals (n = 6) treated with saline (control) or PS according to Protocols
1 (A) or 2 (B) was determined until 48 h after aggregated OVA challenge. These data
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re representative of two independent experiments with similar results. *p < 0.05
ompared to the respective control group.

. Results

.1. P. acnes-soluble polysaccharide characterization

The apparent molecular weight of the soluble PS was estimated
o be between 45 and 70 kDa by high performance liquid chro-

atography using TSG G2000 SW column.
Sugar analysis showed that PS is constituted by galactopyra-

ose, ribopyranose, arabinopyranose, glucopyranose, ribofuranose,
annopyranose (60:16:13:8:7:1) and traces of xylopyranose and N-

cetylglucosamine, as shown in Table 1. Amino acids represented
ess than 1% of the polysaccharide mass, confirming the purity of the

oluble polysaccharide preparation. The main amino acids detected
ere glycine, alanine, glutamic acid and lysine, amino acids known

o be components of cell wall peptidoglycan.
t
d

able 1
arbohydrate and amino acid composition of Propionibacterium acnes-soluble polysaccha

arbohydrates tR (min) Amount (�mol/mg of CH)

ylopyranose 25.818 Trace
rabinopyranose 27.455 0.654
ibopyranose 30.754 0.815
ibofuranose 31.362 0.365
annopyranose 33.241 0.055
alactopyranose 33.742 2.969
lucopyranose 35.152 0.422
-Acetyl-glucosamine 36.968 Trace

uantification of carbohydrates and amino acids obtained as described in Section 2. tR = r
Letters 121 (2008) 157–166

.2. Analysis of footpad inflammatory response in PS-treated mice
ubmitted to the murine model of immediate hypersensitivity

Mice were treated with PS or saline (control) and submitted to
EW implantation and OVA challenge according to Protocols 1 and
, as described in Section 2.

The analysis of footpad swelling after OVA challenge revealed
hat PS-treatment according to Protocol 1, in which HEW implan-
ation was concomitant to the last PS injection, did not change the
attern of inflammatory response compared to the control group,

ncluding LPR, 24 h after challenge (Fig. 1A).
In contrast, when animals were submitted to Protocol 2, in which

EW implantation was performed 1 week after the last PS injec-
ion, there was a decrease in footpad swelling in PS-treated group,
ompared to the control. This was statistically significant at 0.5,
4 and 48 h after OVA challenge, and, interestingly, LPR (24 h) was
otally abolished in PS-treated mice (Fig. 1B).

The footpad histological analysis 24 h after challenge showed an
ntense eosinophilia in lesions from control animals, as expected
Fig. 2A and C). Similar inflammatory reaction was observed at 48 h
data not shown).

Although PS did not altered the footpad swelling in mice
reated according to Protocol 1 (Fig. 1A), it induced an increase
n eosinophilia in the footpad of these animals 24 h after OVA
hallenge, compared to the control group (Fig. 2B), and this effect
ersisted after 48 h (data not shown). Determination of eosinophils
nd other leukocytes number by counting histological preparations
4 and 48 h after challenge revealed that the increase in eosinophil
nfiltrate, and consequent relative decrease of other leukocytes,
n PS-treated group submitted to Protocol 1 was statistically sig-
ificant (Table 2), indicating the potentiation of type I immediate
ypersensitivity, including LPR.

On the other hand, a significant lower eosinophils number,
nd consequent relative enhancement of other leukocytes, was
bserved in the footpad infiltrate from PS-treated mice submitted
o Protocol 2, compared to the control group (Fig. 2D, Table 2). In
act, this treatment protocol suppressed the type I hypersensitivity
esponse, including decrease in footpad swelling (Fig. 1B).

.3. Detection of specific anti-OVA total IgG in the sera of
. acnes- or PS-treated mice submitted to Protocols 1 or 2

Although we have already demonstrated the modulation of the
ype I hypersensitivity to OVA by the whole bacterium [36], the
Therefore, the titers of anti-OVA total IgG in the sera of con-
rol, P. acnes- and PS-treated mice submitted to both protocols were
etermined 24 and 48 h after OVA challenge.

ride preparation.

Amino acids Amount (�mol/mg of CH)

Asparagine/aspartic acid 0.0022
Threonine Trace
Serine 0.0057
Glutamine/glutamic acid 0.0072
Proline Trace
Glycine 0.0231
Alanine 0.0175
Valine Trace
Leucine Trace
Histidine 0.0023
Lysine 0.0067
Arginine Trace

etention time in minutes; CH = carbohydrate.
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F challenge. Footpads of control or PS-treated mice (n = 6) submitted to Protocols 1 (A and
B d for HE staining. Magnification 1000×. Images are representative of two independent
e
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Table 3
IgG1/IgG2a ratio determination in sera from mice treated with saline (control), P.
acnes or PS according to Protocols 1 or 2, 48 h after OVA challenge.

Protocol Treatment Mean of optical densities IgG1/IgG2a ratio

IgG1 IgG2a

1
Control 1.274 0.128 10.0
P. acnes 1.419 0.016 88.7
PS 1.223 0.029 42.2

2
Control 1.504 0.128 11.8
P. acnes 1.334 0.391 3.4
PS 1.365 0.232 5.9

Sera from control, P. acnes- or PS-treated mice were collected 48 h after OVA chal-
lenge and analyzed by ELISA to determine the anti-OVA IgG1 and IgG2a titers. Sera
w
e
g

a

w

T
P

P

F
o

ig. 2. Cellular infiltration in the footpad of control and PS-treated mice after OVA
) or 2 (C and D) were excised 24 h after OVA challenge and appropriately prepare
xperiments with similar results.

We did not observe any difference in total IgG titers to OVA
etween control and P. acnes- or PS-treated groups submitted to
rotocol 1, except a statistically significant decrease in IgG level in
S-treated animals at the dilution 1/800, 48 h after OVA challenge
Fig. 3A and B). In contrast, significant higher anti-OVA IgG titers
ere detected in the sera of PS-treated mice submitted to Protocol
, 24 and 48 h after OVA challenge (Fig. 3C and D). Differently, in
. acnes-treated mice submitted to Protocol 2, lower levels of anti-
VA IgG titers were detected at 24 h, with statistical significance at

he dilutions 1/200 and 1/800 (Fig. 3C), but significant higher lev-
ls were obtained at 48 h, compared to both control and PS-treated
roups (Fig. 3D).

.4. OVA-specific IgG subclasses in the sera of mice treated with
. acnes or PS according to Protocols 1 and 2

The subclasses of IgG to OVA were also evaluated in the sera of
ontrol and treated animals 24 and 48 h after OVA challenge.

Firstly, we detected higher levels of anti-OVA IgG1 than IgG2a
n the sera of control animals at 24 and 48 h (Figs. 4 and 5). This is

ompatible to the Th2 pattern induced in this model of immediate
ypersensitivity, once it is known that IgG1 is induced in a Th2 envi-
onment, while IgG2a is related to Th1 response. The IgG1/IgG2a
atio calculated for this group, 48 h after OVA challenge, confirmed
he Th2 pattern, since the production of anti-OVA IgG1 by these

d
g
t
w
t

able 2
ercentage of eosinophils and other leukocytes in footpad inflammatory reaction of contr

rotocol Time after OVA challenge Eosinophils (%)

Control PS

1
24 h 32.7 ± 1.8 46.3 ± 1.3
48 h 28.5 ± 0.3 42.7 ± 0.4

2
24 h 35.0 ± 1.0 16.0 ± 3.0
48 h 32.5 ± 0.5 11.0 ± 1.0

ootpads of control or PS-treated mice (n = 6) submitted to Protocols 1 or 2 were excised
f cells counted in 10 different fields of each histological preparation, obtained in two rep
ere diluted from 1/25 to 1/12,800. The means of optical densities (ODs), consid-
ring all the dilutions, were obtained to determine the IgG1/IgG2a ratio for each
roup.

nimals was 10.0–11.8-fold higher than anti-OVA IgG2a (Table 3).
When mice were treated with PS according to Protocol 1, there

as a significant decrease in anti-OVA IgG1 levels in the first two
ilutions (1/25 and 1/50) at 24 and 48 h, compared to the control

roup (Fig. 4A and B). However, this seemed to be due to satura-
ion of ELISA reaction, since we noted that optical densities (ODs)
ere very similar between these dilutions. In the other serum dilu-

ions analyzed, no differences were observed between control and

ol and PS-treated mice according to Protocols 1 or 2.

Other leukocytes (%)

Control PS

p < 0.05 67.3 ± 1.8 53.7 ± 1.3 p < 0.05
p < 0.05 71.5 ± 0.3 57.3 ± 0.4 p < 0.05

p < 0.05 65.0 ± 3.5 84.0 ± 3.0 p < 0.05
p < 0.01 67.5 ± 0.5 89.0 ± 1.0 p < 0.01

24 and 48 h after OVA challenge and stained by HE. Data represent means ± S.E.M.
roducible experiments.
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reated groups (Fig. 4A and B), indicating that PS-treatment accord-
ng to Protocol 1 did not change anti-OVA IgG1 levels. Besides, lower
iters of IgG2a to OVA were detected in this group, compared to
he control, with significant differences in various dilutions until
/200, mainly at 48 h (Fig. 5A and B). These results indicate the
otentiation of Th2 response in PS-treated animals submitted to
rotocol 1. However, this potentiation was not as intense as in P.
cnes-treated mice submitted to the same protocol, in which not
nly the anti-OVA IgG2a titers were decreased (Fig. 5A and B), but
lso the anti-OVA IgG1 titers were concomitantly increased, mainly
t 48 h (Fig. 4A and B). This was confirmed by the IgG1/IgG2a ratio
btained for P. acnes- or PS-treated animals submitted to Protocol 2
88.7 and 42.2, respectively), despite the ratios for both groups have
een much higher than control group (10.0), 48 h after challenge
Table 3).

On the other hand, P. acnes- or PS-treatment according to Proto-
ol 2 clearly induced suppression of Th2 pattern, because there was
significant decrease in IgG1 levels at 48 h (Fig. 4D), concomitantly

o a significant increase in IgG2a titers, at 24 and 48 h (Fig. 5C and
), with consequent diminishment of the IgG1/IgG2a ratio at 48 h

n both groups (3.4 and 5.9, respectively), compared to the control
11.8) (Table 3). However, the response suppression seemed to be

ore intense in P. acnes group, in which the increase in anti-OVA
gG2a titers was more pronounced, mainly at 48 h (Fig. 4D), lead-
ng to a lower IgG1/IgG2a ratio than in PS-treated group (Table 3).

mportantly, although there was an obvious Th2 suppression in
oth treated groups, the response did not seem to be converted to
h1, because the anti-OVA IgG1 levels remained higher than IgG2a
Figs. 4C and D, 5C and D) and the IgG1/IgG2a ratios did not reach
alues lower than 1.0 (Table 3).
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ted to both protocols. The sera of mice (n = 6) treated with saline (control), P. acnes
8 h (B and D) after aggregated OVA challenge, and analyzed by ELISA to determine

iments with similar results. *p < 0.05 between P. acnes and saline groups. #p < 0.05

.5. Absolute number of cytokines-producing spleen cells in
S-treated animals according to Protocols 1 and 2 before
ggregated OVA challenge

In order to verify whether the cytokine pattern at the moment
f challenge could influence the exacerbation or suppression of the
h2 response to OVA in PS-treated mice, spleen cells from control
nd PS-treated groups were obtained 14 days after HEW implan-
ation, before OVA challenge, and the number of IL-4-, IL-12- or
FN-�-producing cells was determined by intracellular staining.

Firstly, we confirmed the Th2 pattern in control mice, once the
umber of IL-4-producing cells was higher than IL-12+ or IFN-�+

ells in these animals (Fig. 6A and B).
When mice were treated with PS according to Protocol 1, in

hich we observed potentiation of the immediate hypersensitivity
eaction, there was a significant increase in the number of IL-4-
roducing spleen cells before OVA challenge, simultaneously to
decrease in IL-12- or IFN-�-producing cells, compared to the

ontrol group (Fig. 6A), confirming the Th2 response enhance-
ent.
In PS-treated mice submitted to Protocol 2, in which there was

uppression of the immediate hypersensitivity, we also detected
igher number of IL-4-producing cells before OVA challenge, com-
ared to the control group (Fig. 6B), but this increase was not as
vident as in PS-treated animals submitted to Protocol 1 (Fig. 6A).

esides, differently from Protocol 1, there was a significant increase

n IL-12-producing cells and an apparent enhancement of IFN-�+

ells in mice treated with PS according to Protocol 2, compared to
he control (Fig. 6B). These results suggest the suppression of Th2
esponse, but not the conversion to Th1, because the number of IL-
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+ cells in this group remained higher than IL-12+ and IFN-�+ cells
Fig. 6B).

. Discussion

Among P. acnes immunomodulatory effects, a most relevant one
s its capacity to potentiate or suppress the Th2 response to OVA
n a murine model of type I hypersensitivity, depending on the
reatment protocol used, as we previously described [36]. How-
ver, the bacterium compounds responsible for this effect are not
nown, leading us to investigate if the P. acnes soluble polysaccha-
ide (PS) could be a major component involved in the Th2 response
odulation induced by the whole bacterium.
We focused our interest on this component because the P. acnes

uspension used by us to modulate the immediate hypersensitivity
eaction was phenol-killed [36], and it is known that polysaccharide
omponents are preferentially preserved and exposed by phenol-
reatment. In our laboratory, we purified a soluble polysaccharide
henol-extracted from P. acnes cell wall which induces similar
ffects to the whole bacterium [22,24,38,39]. However, the fine
tructural characterization of this compound had not yet been per-
ormed.

By high performance liquid chromatography it was determined
hat soluble PS presents apparent molecular weight between
5 and 70 kDa and contains galactopyranose, ribopyranose, ara-
inopyranose, glucopyranose, ribofuranose, mannopyranose in

roportion of 60:16:13:8:7:1.

After the molecule characterization, the PS capacity to modulate
he immediate hypersensitivity reaction in mice was studied.

For the development of immediate hypersensitivity, we used a
urine model described by Facincone et al. [37], in which a typical

s
w
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itted to both protocols. The sera of control, P. acnes- and PS-treated mice (n = 6)
B and D) after aggregated OVA challenge, and analyzed by ELISA to determine the
ith similar results. *p < 0.05 between P. acnes and saline groups. #p < 0.05 between

PR is evoked 24 h after aggregated OVA challenge in the footpad.
his model fits our purpose since adjuvant is not required and it
as the model used in our previous work demonstrating the mod-
lation of immediate hypersensitivity by P. acnes [36].

Herein, mice were treated with PS and submitted to this same
mmediate hypersensitivity model. The PS dose and the two pro-
ocols used in our experiments were based in previous works
f our laboratory [22,24,36,38,39]. Besides, animals treated with
eat-killed P. acnes were also used to compare the effects of
. acnes- and PS-treatments concerning the synthesis of anti-
VA IgG. The P. acnes dose was also based in previous works

22,24,36,39].
PS-treatment according to Protocol 1, in which HEW was

mplanted concomitantly to the last PS injection, did not change
ice footpad swelling after OVA challenge, but induced an increase

n eosinophils infiltration at 24 and 48 h, similarly to the whole bac-
erium [36]. These results suggest that the mechanism by which
S potentiated the immediate hypersensitivity could be related
o eosinophils differentiation and/or recruitment, but not edema
ormation. The capacity of P. acnes and PS to induce differenti-
tion and/or recruitment of other leukocytes has already been
emonstrated [22,39,46,47]. These data also indicate that PS is
n important component responsible for bacterium effects on
osinophils enhancement.

The increase in eosinophils number in this PS-treated group
emonstrates the enhancement of immediate hypersensitivity,

uggesting there was an augmentation in Th2 response to OVA. This
as corroborated by the decrease in anti-OVA IgG2a titers at 24

nd 48 h, since this antibody subclass is induced by Th1 cytokines,
nd the increase in IgG1/IgG2a ratio at 48 h, similarly to what was
bserved in P. acnes-treated group. Besides, we detected a more
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Fig. 5. Anti-OVA IgG2a titers in the sera of control, P. acnes- and PS-treated groups submitted to both protocols. The sera of mice (n = 6) treated with saline (control), P. acnes
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ntense Th2 environment in PS-treated group than in the control
efore OVA challenge, as demonstrated by higher number of IL-4-
roducing spleen cells and lower number of IL-12+ or IFN-�+ cells.
e believe that this enhanced Th2 pattern at the moment of OVA

hallenge contributes to the potentiation of immediate hypersen-
itivity reaction, mainly the increase in eosinophils number during
PR, once it has been demonstrated that these cells are recruited
nd activated in response to Th2 cytokines, such as IL-4 and IL-5
48].

Therefore, it seems that when PS is administered concomitantly
o another antigen, it potentiates the cellular immune response to
t. Since OVA is a Th2-inducing antigen, in the present work, the
oncomitant administration of PS and HEW implantation has led to
h2 enhancement, and consequent potentiation of the immediate
ypersensitivity reaction to OVA. We have already showed that,
hen mice were simultaneously treated with P. acnes or PS and a

h1-inducer T. cruzi DNA vaccine, this concomitant administration
lso potentiated the Th1 pattern [24].

On the other hand, when mice were treated with PS according to
rotocol 2, in which HEW implantation was performed 1 week after
he last PS injection, we observed a decrease in footpad swelling
fter aggregated OVA challenge. Interestingly, LPR (24 h) was abol-
shed in this group, differently to what had been observed with
. acnes, which had also decreased footpad swelling, but had not
brogated LPR [36]. These data suggest a better effect of PS in sup-
ressing the immediate hypersensitivity reaction, maybe because

he P. acnes dose used in our previous work could not be sufficient to
nduce the same effect obtained with the purified PS dose. Besides,
. acnes contains several other compounds, what could explain why
he modulation induced by the whole bacterium is not exactly the
ame obtained with purified PS.
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) and 48 h (B and D) after OVA challenge, and analyzed by ELISA to determine the
ith similar results. *p < 0.05 between P. acnes and saline groups. #p < 0.05 between

PS-treatment according to Protocol 2 also induced a decrease
n eosinophils recruitment to the lesions, similarly to P. acnes [36],
onfirming the immediate hypersensitivity suppression.

One possible explanation for this effect is that PS could induce
Th1 environment before HEW implantation, contributing to the

uppression of Th2 response to OVA at the moment of implant.
ower production of Th2 cytokines could then induce diminished
ecruitment and/or activation of eosinophils after OVA challenge.
n fact, the capacity of P. acnes to induce a Th1 pattern has already
een demonstrated [31–35]. We have showed that PS also promotes
Th1 response when administered in the absence of other antigens

38], corroborating our theory that a Th1 environment has been
nduced before HEW implantation in PS-treated animals submitted
o Protocol 2.

In accordance to our hypothesis, we detected lower anti-OVA
gG1 titers in the sera of PS-treated animals 48 h after OVA chal-
enge and higher levels of IgG2a at 24 and 48 h, indicating Th2
uppression, what was confirmed by the decrease in the IgG1/IgG2a
atio. It is important to note that, despite this effect, the cellular
mmune response to OVA was not converted to Th1, since IgG1 lev-
ls remained higher than IgG2a, and IgG1/IgG2a ratio did not reach
alues lower than 1.0.

Similar results were obtained for P. acnes-treated animals
ubmitted to Protocol 2, but, in this case, the Th2 response sup-
ression seemed to be more pronounced, as indicated by the lower

gG1/IgG2a ratio, compared to both control and PS-treated groups.

lthough this ratio have not reached values lower than 1.0, we have
lready demonstrated that P. acnes can induce a Th1 response to
VA using this model of type I hypersensitivity reaction, as indi-
ated by higher levels of IFN-� than IL-4 in the sera of treated mice
36]. However, despite the conversion to a Th1 response, the levels
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Fig. 6. Absolute number of cytokines-producing spleen cells from control and PS-
treated mice before OVA challenge. Spleen cells from mice (n = 6) treated with saline
(control) or PS according to Protocols 1 (A) or 2 (B) were obtained 14 days after HEW
implantation, before aggregated OVA challenge. The percentage of IL-4+, IL-12+ or
IFN-�+ spleen cells was determined by intracellular staining and flow cytometry
analysis, and converted to absolute number of cells based on the total cell con-
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f anti-OVA IgG1 remained higher than IgG2a in this group, maybe
ue to the persistence of the Th2-inducing antigen (OVA) implanted

n high dose in the subcutaneous tissue.
The analysis of cytokines-producing spleen cells before OVA

hallenge showed a higher number of IL-4+ cells in PS-treated mice
ubmitted to Protocol 2, compared to the control, but the increase
nduced in this group was not as intense as the observed in PS-
reated animals submitted to Protocol 1. Besides, differently from
rotocol 1, there was a significant increase in the number of IL-
2-producing cells in Protocol 2, and an apparent augmentation
f IFN-�+ cells. These data confirm there was a suppression of
h2 response to OVA in this group, but not a conversion to Th1,
ecause the number of IL-4+ cells remained higher than IL-12- or

FN-�-producing cells, in accordance to what we have observed
oncerning anti-OVA IgG subclasses.

So, we believe that PS could induce a Th1 environment before
EW implantation, what would decrease Th2 response to OVA at

he moment of implant, but not completely abrogate it. Then, after
VA challenge, the Th2 response would be suppressed, leading to
iminished edema and eosinophils recruitment, but not inverting
he IgG subclasses pattern.

Interestingly, this was different to what we had observed with
. acnes-treatment, in which the cellular immune response to OVA
as converted to Th1 in mice submitted to Protocol 2 [36], but
lso not inverting the IgG subclasses pattern. These results sug-
est that PS is an important bacterium component involved on
he immediate hypersensitivity suppression, but probably other P.
cnes fractions also participate of this effect.
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In conclusion, our results demonstrate that PS is an impor-
ant P. acnes compound responsible for potentiation or suppression
f immediate hypersensitivity, although other bacterium fractions
an also participate of these effects. The molecular mechanisms by
hich the Th1/Th2 balance is modulated probably involves anti-

en presenting cells, which have an important role in the Th1/Th2
nduction, what is under investigation.
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