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Propionibacterium acnes vaccination induces regulatory T cells and
Th1 immune responses and improves mouse atopic dermatitis
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Abstract: Atopic dermatitis (AD) is a chronic disease
characterized by a polarized Th2 immune response.
Propionibacterium acnes (P. acnes) has been shown to elicit
strong Thl immune responses. We hypothesized that the host
immune response to P. acnes will prevent the development of
AD. To demonstrate this hypothesis, we investigated the effect of
P. acnes vaccination on AD that occurs in keratin 14/driven
caspase-1 transgenic mouse. Vaccination with low dose of

P. acnes successfully prevented clinical manifestations in the skin
of AD mice associated with systemic and cutaneous increased

expression of Thl-type cytokines but without suppression of Th2
cytokines. Interestingly, the numbers of IFN-y™T cells,
FoxP3"CD4"CD25"T cells (nTreg) and IL-10*T cells (Trl) were
significantly increased in the spleen. P. acnes vaccination has
effects to alter the cytokine milieu and may be useful for the
improvement of atopic symptom.
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Background

Atopic dermatitis (AD) is a chronic disease characterized by a pre-
dominant expression of Th2-type cytokines. Th2-type-dominant
cytokine expression is associated with increased cellular infiltration
and overproduction of IgE (1). On the other hand, Th1 cells mainly
secrete IL-12 and IFN-y that counteract the effect of Th2 cells, sup-
press IgE production and stimulate IgG expression. This observa-
tion suggests that control of Th1/Th2 imbalance may improve AD.
Th1 cells may be induced by some infectious agents including Propi-
onibacterium acnes (P. acnes). P. acnes is an aerotolerant anaerobic
gram-positive bacteria, present in skin flora of healthy individuals,
that plays an important role in the pathogenesis of acne (2). P. acnes
is known as an inducer of Th1-type immune response (3).
Questions addressed

K14/caspase-1 transgenic mouse (KCASP1Tg) develops AD char-
acterized by recalcitrant itching dermatitis with increased expres-
sion of Th2-type cytokines (4-6). We investigated the therapeutic
effects of vaccination with low-dose P. acnes upon AD manifesta-
tions, cytokine profile and the involvement of regulatory T cells in
KCASPI1Tg.

Experimental design

Vaccination of AD model mice with P. acnes

KCASP1Tg was treated with heat-killed P. acnes (66 ug) injection
twice a week between 4 and 14 weeks of age (P. acnes-Tg). PBS-
treated KCASP1Tg (Mock) and wild-type C57/BL6 (WT) were
used as control mice (Appendix S1). Skin manifestation usually
appears in KCASP1Tg mice after the age of 8 weeks. Skin manifes-
tations were examined every 2 weeks between 8 and 14 weeks, and
the affected skin areas were calculated as percentage of the whole
body area. Skin specimens were also sampled at 14th week and
stained with haematoxylin & eosin and toluidine blue.

Statistical analysis

Data were expressed as the mean + standard error of the mean
(SEM). The statistical difference between variables was calculated
by the Kruskal-Wallis one-way analysis of variance. P < 0.05 was
considered as significant.

Results

Cutaneous manifestations and histopathological findings
KCASP1Tg (Mock) developed erosive dermatitis on the face at
8th week and showed severe scratching. Skin lesions spread rapidly
to the ears, neck and trunk (Fig. 1a). The erosive lesions worsened
and became hairless lichenoid dermatitis mixed with acute lesions.
In contrast, P. acnes-Tg developed significantly milder dermatitis,
and the total involved skin area was significantly less than in
Mock after 10 weeks (Fig. 1b). Histopathologically, the 14-week-
old Mock showed marked inflammatory reactions with acanthosis,
hyperkeratosis and marked cellular infiltration. The inflammatory
changes and the number of mast cells were significantly decreased
in the P. acnes-Tg compared to Mock (Fig. 1c).

Conclusions

This study demonstrated a novel candidate for the improvement of
AD by vaccination with P. acnes. Vaccination with the extract of this
microorganism improved skin lesions by acting as an immune
response modifier. Antigen from P. acnes activates IL-12p40 pro-
moter after binding to TLR2 (2,7). IL-12 binds to its receptor (IL-
12R) and activates the transcription factors STAT-4 and T-bet, and
then T-bet binding to the promoter of IFN-y gene stimulates the
production of this Thl-polarizing cytokine (8,9). In this study, the
cytokine production was evaluated in spleen cells from each group
of mice, and it was found that IEN-y-positive T cells are significantly
elevated in P.acnes-Tg (Appendix S1 and Fig. S2). In addition, the
mRNA expressions of IFN-y, IL-12 and T-bet were also significantly

© 2011 John Wiley & Sons A/S, Experimental Dermatology, 20, 145-158

157 |



Letter to the Editor

Kitagawa et al.
P.acnes-treated

(@) kcaspi Te mice
(P. acnes-Tg)

Mock-treated Wild type
KCASPI1 Tg mice (WT)
(mock)

N

(b) Skin eruption area (C) The number of toluidine
treatment blue-positive cells
©) AAAAAAAAAR 22222222224
o . 751 *k *ok
12 —== Mock | .
—— P. acnes-Tg R
= 50 n
10 E .
£
5 225
=5
s AL
v
) R i

0

Weeks P.acnes-Tg Mock WT
Figure 1. (a) Skin facial manifestations at 14th week of age. Severe dermatitis
was observed on the face in Mock. In contrast, P. acnes-treated mice (P. acnes-Tg)
showed mild dermatitis limited to the periocular areas. Histologically, Mock showed
severe skin lesions including acanthosis and hyperkeratosis in the epidermis and
marked fibrosis with dense mononuclear cell infiltration. P. acnes-Tg showed mild
inflammatory reactions and limited epidermal acanthosis (H&E section). The
infiltration of mast cells was also increased in the skin from Mock compared to

P. acnes-Tg (toluidine blue stain). (b) Time course and skin areas with disease. The
diseased skin area increased from 8 weeks after birth in Mock, but it was less in

P. acnes-Tg. Data are expressed as the mean + SE *P < 0.05. (c) The toluidine-
blue-positive mast cell numbers per HPF were significantly increased in Mock
compared to WT; the degree decreased to the level of WT in animals treated with
P. acnes. Data are expressed as the mean + SE *P < 0.05, **P < 0.01.

elevated in the spleen cells from P. acnes-Tg compared to control
mice (Appendix S1, Figs SI and S3). In our previous report, injec-
tion of Img of P.acnes into KCASP1Tg caused death of mouse
owing to severe liver injury (4). However, in this experiment, vacci-
nation with low dose of P. acnes increased the differentiation of T

cells expressing Thl-type cytokines without liver injury (data not
shown). P. acnes treatment did not affect the elevated IL-4 mRNA
expression in KCASP1Tg, suggesting that P. acnes therapy does not
simply switch Th2 into Th1-type cells.

Th17 and Treg cell are also important immunoregulators. IL-
17A mRNA and IL-17A-positive cells are significantly elevated in
Mock, suggesting the involvement of Thl17 immune response in
the pathogenesis of dermatitis (Figs S1 and S2). However, we
found that Th17 expression is not affected by P. acnes treatment.
The expression of IL-17A receptor is also a critical factor for IL-17
signal transduction. The expression of IL-17A receptor was
decreased in the skin of Mock compared to that of WT (Fig. S3),
suggesting that there is a negative feedback following increased IL-
17A production in KCASP1Tg. P. acnes vaccination showed no
effects on IL-17A receptor expression. Therefore, it appears that
IL-17 is involved in the development of dermatitis, but it is not
affected by P. acnes therapy.

Regarding regulatory T cells, nTreg cells were slightly decreased
in the spleen of Mock compared to WT. However, P. acnes ther-
apy increased nTreg in KCASP1Tg (Fig. S2). A bacterial TLR2
agonist has been shown to induce nTreg in vivo (10); therefore,
P. acnes vaccination may increase nTreg via TLR2 (7).

TGF-f is a pleiotropic cytokine that may increase the number of
Treg. This study showed that vaccination with P. acnes significantly
augmented TGF-f mRNA expression compared to untreated mice
(Figs S1 and S3), suggesting that the suppression of TGF-f} expres-
sion plays a role in the development of dermatitis in KCASP1Tg
and that TGF-f is a key factor to control dermatitis.

P. acnes treatment significantly increased the number of Trl
cells compared to WT (Fig. S2). We also analysed mRNA expres-
sion in spleen cells and skins (Figs S1 and S3) and found that the
mRNA expression of IL-10 is significantly enhanced in P. acnes-Tg
compared to that in Mock and WT. In humans, IL-10 released by
Trl cells is critical for the immune control of atopic diseases
(11,12). A recent study has shown that P. acnes-soluble polysac-
charide suppresses typel hypersensitivity late-phase reaction in
mice (13). However, further investigation is warranted to clarify
the mechanism of Treg induction by P. acnes.

In brief, we showed in this study that P. acnes vaccination ame-
liorates AD by generating natural and induced Tregs and by
inducing Thl cytokines in a mouse model that spontaneously
develops intrinsic AD. This study indicates that P. acnes immuno-
therapy may be a potent therapeutic approach for AD.
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SI 2. mRNA expression in spleen cells.

The spleens were sampled at 14th week of age. mRNA was extracted from non-stimulated
spleen cells. Quantitative RT-PCR was performed to investigate cytokine mRNA expression in
spleen cells.

A. Expression of Thl cytokines mRNAs including IFN-g, T-bet, IL-12p35, IL-12p40 was
significantly increased in P. acnes-Tg compared to that in Mock or WT. B. mRNAs of Th2
cytokines ( IL-4, GATA3) remained unchanged even after the treatment with P. acnes. Expression
of IL-13 mRNA was significantly decreased in P. acnes-Tg compared with Mock. C. mRNA
expression of IL-17A, IL-22, and IL-23p19 mRNA was increased in P. acnes-Tg and Mock
compared with WT. D. mRNA of IL-10 and TGF-3 was significantly enhanced in P. acnes-Tg
compared to Mock and WT. *P<0.05, **P<0.01, ***P<0.001
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SI 3. Intracellular cytokine and Foxp3 staining in spleen cells.

The spleens were removed at 14th week, and stained with antibodies to

CD4, CD25, FoxP3, and the fluorescence profile were analyzed by flow cytometry.

Cells were also cultured with anti-mouse CD3e and CD28 antibodies in the presence of brefeldin A
for 8h. IFN-g, IL-4, IL-10, and IL-17A production in T cells were analyzed.

A, B, C, The percentages of IFN-g+CD4+,IFN-g+CD8+,and IFN-g+ lymphocytes

were higher in P. acnes-Tg than in Mock. D, The percentage of IL-4+CD4+ cells remained
unchanged in the three groups. E, The percentage of FoxP3+CD4+CD25+ T cell population was
significantly higher in P. acnes-Tg than that in Mock. F, The percentage of IL-17+CD4+ T cells
was increased in P. acnes-Tg and Mock compared with WT. G, The percentage of IL-10+CD4+ T
cells was higher in P. acnes-Tg than in WT. *P<(.05, **P<0.01
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SI 4. mRNA expression in the skin lesions.

The cytokine profile of skin lesions was similar to that of spleen cells.

A, mRNA expression of [FN-g and IL-12p35 was significantly increased in P. acnes-Tg than in
Mock or WT. B, No significant changes were found in IL-4, IL-13, or GATA3 mRNA among the
three groups. C, The mRNA expression of IL-17A, IL-22, and IL-23 did not differ significantly in
the skin lesions from P. acnes-Tg and Mock. The mRNA of IL-17A receptor was less in P. acnes-
Tg and Mock than in WT, and that of MIP2 was slightly decreased in P. acnes-Tg than in Mock. D,
the expression of IL-10 and TGF-f mRNA in P. acnes-Tg was significantly elevated compared with
those in Mock.*P<0.05, **P<0.01, ***P<0.001
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Atopic dermatitis mouse model

KCASPITg is a keratin 14 promoter driven caspase-1 transgenic mouse that develops
itching dermatitis with acute erosive lesions followed by chronic lichenoid lesions from
face to body and extremities with plasma IgE and histamine elevation (1-3). The skin
lesions show mononuclear cells and mast cells infiltration and dermal fibrosis. These
findings fulfilled the diagnostic criteria of Hanifin & Rajka (4) and U.K. working party
(5) for AD except for a history of asthma or hay fever. In all experiments, age-matched

female C57/BL6 mice (SLC Shizuoka, Japan) were used as controls.

P. acnes
P. acnes was cultured in brain-heart infusion medium supplemented with L-cysteine and
Tween-80 as we reported previously (6). The harvested bacteria were washed with

sterile distilled water, killed by heating at 60°C for 60 min, and then lyophilized.

P. acnes treatment

Heat-killed P. acnes (66ug) was injected intra-peritoneally into 4 week-old KCASP1Tg
mice, and then continued twice a week for 10 weeks. We set up three groups of mice:
Mock-treated (20ul PBS was intra-peritoneally injected) KCASP1Tg (Mock, n=10), P.
acnes-treated KCASP1Tg (P. acnes-Tg, n=9), and wild-type C57/BL6 (WT, n=8). All
mice were kept under SPF conditions. Animal care was performed according to ethical
guidelines, and the experimental protocol was approved by the Institutional Board

Committee for Animal Care and Use of Mie University.

Histopathological study
The skin lesions were sampled at 14™ weeks of age. Samples were embedded in paraffin

and stained with haematoxylin & eosin and toluidine blue. Fhrentmberspertm’ of

ountedinrandomly-selected-hish vowerfields: The numbers of mast

cells were counted in randomly selected high power fields(x400).



Cell isolation and preparation

The spleens were obtained at 14™ week, and single cell suspensions were prepared.
After passing through a 70-um-pore mesh, cells were washed with PBS and
resuspended with 5 ml of PBS. After Ficoll (SIGMA, St. Louis, MO, USA) separation,
spleen cells were resuspended in RPMI containing 10% FBS.

In vitro stimulation for cytokine production

Spleen cells were cultured in RPMI 1640 medium with 10% (v/v) FBS (5% of murine
serum was used for IL-10 analysis), 2.0 mM L-glutamine, 100 U/ml penicillin, and 100
pg/ml streptomycin. Spleen cells were seeded at 2x10° cells/ml (1 ml/well) in 24-well
culture plates (Costar, corning, NY, USA) supplemented with 1pug/ml of anti-mouse
CD3e (BD Pharmingen, San Jose, CA, USA), 2 ug/ml anti-mouse CD28 (BD
Pharmingen) and 1 pg/ml brefeldin A (Biolegend, San Diego, CA, USA). The cells were
incubated for 8 h at 37°C in a 5% CO, atmosphere.

Cell surface antigen and intracellular cytokine staining

The cell surface antigen and intracellular cytokines were stained according to the formal
Cell Surface Immunofluorescence Staining Protocol and Intracellular Cytokine Staining
Protocol (BioLegend). Briefly, for the detection of IFN-y, IL-4, and IL-17, the cells
were stained with PE/CyS5 anti-mouse CD4 (BioLegend). After treatment with Fixation
Buffer (BioLegend) and Permeabilization Wash Buffer (BioLegend), cells were treated
with PE-conjugated anti-mouse IL-17A, IL-4, or FITC-conjugated anti-mouse IFN-

y (BioLegend). For the detection of IL-10, stimulated cells were stained with FITC anti-
mouse CD4 (BioLegend), and PE-conjugated anti-mouse IL-10 (Miltenyi Biotec,
Bergisch Gladbach, Germany). Fluorescence profiles were analyzed by flow cytometry

using FACSCalibur (BD Biosciences, San Jose, CA, USA).

FoxP3 Intracellular Staining

The cells were initially stained with FITC anti-mouse CD4 and PE/Cy5 anti-mouse
CD25, and fixed in FoxP3 Fix/Perm solution (BioLegend). The cells were then stained
with PE conjugated anti-mouse FoxP3 antibody (BioLegend). Fluorescence profiles

were analyzed by flow cytometry using FACSCalibur.



Analysis of cytokine mRNA expression

The mRNA was extracted from spleen cells without stimulation and skin lesions using
Isogen (Nippon Gene, Tokyo, Japan) according to the manufacturer’s instructions: 1 ml
of homogenate was mixed with 200 pl of chloroform, and then centrifuged. The
aqueous phase was separated and mixed with 0.5 ml of 2-propanol (Nacalai Tesque,
Kyoto, Japan) to precipitate RNA. After centrifuging, the precipitate was washed with
70% ethanol (Nacalai Tesque) and the RNA was suspended in 40 pl RNase-free water.
The concentration was measured at 260 nm absorbent, and the quality was confirmed by
electrophoresis. cDNA was synthesized from 2 pg of mRNA using an archive kit
(Applied Biosystems, Foster City, CA, USA) according to the manufacturer’s protocol.
Real time quantitative reverse transcription-polymerase chain reaction (RT-PCR) was
performed to measure transcriptional activity in spleen cells and skin lesions. A 25-pl
reaction mixture containing 1 pug of cDNA, 900 nM of each primer, and 250 nM of
TagMan probe was mixed with 12.5 ul of TagqMan Master Mix (AB). Quantitative RT-
PCR for cytokine transcripts was performed using prequalified primers and probes for
IL-4, IL-10, IL-12p35, IL-12p40, IL-13, IL-17A, IL-22, IL-23p19, IL-17AR, MIP2, T-
bet, GATA3, IFN-y, and GAPDH (AB). The A3Ct method was used to standardize the

transcripts to GAPDH, and the ratio to that of control mice was calculated.
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