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Materials and Methods 

Mice and Materials 

Eight-week-old female C57BL/6 mice were purchased from Charles 

River Japan Inc. (Yokohama, Japan). They were maintained in the 

animal facility of the University of Tokushima under specific 

pathogen-free conditions according to the guidelines of the 

university.[E1] The monoclonal antibodies (mAbs) for mouse 

CD3, CD4 and CD8 were purchased from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). FITC-conjugated mAb for mouse CD11b, 

CD11c, CD40, CD80, CD86 and CD205, PE-conjugated mAbs for mouse 

CCR5 and CXCR3, and isotype control IgG were purchased from BD 

Biosciences (San Jose, CA, USA). Recombinant mouse 

granulocyte-colony stimulating factor (rmGM-CSF) was provided 

by Kirin Brewer Inc.( Tokyo, Japan). Recombinant mouse 

interleukin-4 (rmIL-4) was purchased from Pepro Tech, London, 

UK). The small nonpeptide compound TAK-779 (N, 

N-dimethyl-N-[4-[[[2-(4-methylphenyl)-6,7- 

dihydro-5H-benzocyclohepten-8-yl]carbonyl]amino]benzyl] 
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tetrahydro-2H-pyran-4-aminium chloride; molecular weight = 

531.13) was provided by Takeda Pharmaceutical Company (Osaka, 

Japan).[E2] TAK-779 is a selective antagonist of CXCR3 as well 

as CCR5.[E3] Incomplete Freund’s adjuvant (IFA) was purchased 

from Difco (Detroit, MI, USA). 

 

Propionibacterium acnes  

Propionibacterium acnes (P. acnes) strain ATCC6919 was grown 

anaerobically on GAM agar plate (Nissui Pharmaceutical Co., 

Ltd., Tokyo, Japan) using AnaeroPack system (Mitsubishi Gas 

Chemical Co., Inc., Tokyo, Japan) at 35°C for 48 hours. A single 

colony of the P. acnes was inoculated into 15 ml of GAM broth 

and cultivated under same condition as described above. Ten 

milliliter of the pre-culture was then inoculated into one 

liter of freshly prepared GAM broth and cultivated 

anaerobically at 35°C for 72 hours. The P. acnes cells were 

harvested by centrifugation, washed twice with 100 ml of 

phosphate-buffered saline (PBS, pH7.4) and then suspended in 
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50 ml of ice-cold PBS (pH7.4). The suspension was autoclaved 

at 121°C for 20 min. The P. acnes cell extract was kept at –70°C 

until use. 

 

Mouse bone marrow (BM)-derived dendritic cells (DCs) 

The BM-DC culture was obtained using methods described 

previously.[E4] Briefly, murine bone marrow cells were 

harvested from the femur and tibia of sacrificed mice. 

Contaminating erythrocytes were lysed with 0.83M NH4Cl buffer 

and lymphocytes were depleted with a cocktail of antibodies 

(RA3-3A1/6.1, anti-B220; 2.43, anti-Lyt 2; GK1.5, anti-L3T4; 

all from American Type Culture Collection, Rockville, MD, USA) 

and rabbit complement (Accurate Chemical and Scientific Corp., 

Westbury, NY, USA) on day 0. These cells were cultured overnight 

in CM to remove the adherent macrophages, and then non-adherent 

cells were placed in fresh CM containing rmGM-CSF (1000 U/ml) 

and rmIL-4 (1000 U/ml) on day 1. Cells were generally harvested 

on day 6. BM-DCs were defined by morphology, phenotype and 
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strong mixed lymphocyte reaction-stimulating activity. 

Phenotypic analysis by flow cytometry showed high levels of 

CD11b, CD11c, CD80 and CD86, as well as MHC class I and class 

II in the majority of the cultured cells (60-95%).[E4] These 

DCs were used for the subsequent experiments as immature DCs. 

 

Sensitization and challenge of mice with heat-killed P.acnes 

Mice were subcutaneously immunized twice with 1mg of 

heat-killed P. acnes at an interval of two weeks with or without 

IFA, and immature or mature DCs (1x106 cells). Two weeks after 

the second sensitization, mice were challenged intravenously 

with heat-killed P.acnes (1 mg) with or without mature DCs 

(1x106 cells). To obtain the best results, immature DCs were 

matured by treatment with heat-killed P. acnes (100 g/ml) for 

24 h before their injection into the mice. 

 

Bronchoalveolar lavage 
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Mice were anesthetized and a soft cannula (23G) was inserted 

into the trachea. Bronchoalveolar lavage (BAL) was performed 

five times with the instillation and withdrawal of 1ml of saline 

at various time points.[E5] The total cell count of the BAL 

fluid (BALF) was determined using Turk staining solution. BALF 

was centrifuged, and the cell pellets were re-suspended in 

saline and cytospun onto glass slides. These cells were stained 

with Diff-Quick staining solution (Baxter, Miami, FL, USA), and 

200 cells were counted for cell classification. 

 

Measurement of CXCR3 ligands, Th1 and Th2 cytokines 

The frozen BALF was quickly thawed and used to examine the 

concentration of mouse CXCL9 and CXCL10 by ELISA (R&D System, 

Minneapolis, MN).[E6] The minimal detectable levels of CXCL9 

and CXCL10 were 31.2 pg/ml.  

Th1 and Th2 cytokines (IL-2, IL-4, IL-5, TNF- and IFN-) were 

measured using a BD Cytometric Beads Array System mouse Th1/Th2 
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cytokine kit purchased from the Becton, Dickinson Company 

(Franklin Lakes, NJ, USA). 

 

Trafficking study of injected DCs 

DCs (106 cells) were stained with PKH26 (red fluorescent cell 

linker) (Sigma, St. Louis, MO, USA), and injected from tail vein 

into mice (E4). At the indicated time points, mice were 

sacrificed and lungs were embedded in OCT compound, and frozen. 

Serial 6-m sections were made from these samples using a 

cryostat, and fluorescence images of sections excited at 568 

nm wavelength were captured with a confocal laser scanning 

microscope (Leica TCS NT; Leica, Heidelberg, Germany) equipped 

with an Ar-Kr laser and a x10 dry objective (Leica Plan 

Apochromat). The serial sections were also counterstained with 

Mayer’s hematoxylin (MUTO PURE CHEMICALS CO., LTD., Tokyo, 

Japan).  

 

Isolation of Total RNA 
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Total RNA was isolated from the lungs of untreated mice as well 

as P.acnes-immunized mice before or 3, 7 and 14 days after the 

intravenous administration of P. acnes with DCs. Briefly, the 

lungs were quickly perfused with 5 ml of cold PBS(-) through 

the right ventriculum. The lungs were then homogenized in 1 ml 

of Isogen (Wako K.K., Kyoto, Japan), and total RNA was extracted 

as described previously.[E6] Any DNA contamination was removed 

by incubation with DNase I (TAKARABIO INC., Tokyo, Japan). The 

total RNA from three mice was mixed in each group. 

 

DNA chips 

A description of chips containing mouse cytokines and 

chemokines (Kakengeneqs Co. Ltd., Chiba, Japan) is available 

at http://www/genocities.jp/nohashida2005/genes/pdf.[E7] The 

complete list of genes analyzed is given in the online 

supplement (see Table E1). Individual transcripts (n=117) were 

included on the DNA chip which contained most cytokines and 

chemokines and their receptors (29 cytokines, 34 cytokine 
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receptors; 33 chemokines, 21 chemokine receptors). Two 

housekeeping genes (GAPDH and -actin) and three unrelated 

murine reagents (tobacco chloroplast DNA, part of a cloning 

vector, and a solvent that suspends the PCR products) were 

spotted onto the chip as internal positive and negative 

controls, respectively. This cDNA chip covers genes of the 

cytokines and chemokines and their receptors. 

 

Preparation of cDNA and array hybridization 

Total RNA samples (100 g) were converted to double-stranded 

cDNA by using a custom kit (LavelStar Array kit; Qiagen, 

Valencia, CA, USA) and labeled with cyanine 3 (Cy3)-conjugated 

dUTP.[E7] Reference total RNA was labeled with cyanine 5 

(Cy5)-conjugated dUTP (PerkinElmer, Boston, MA, USA), 

according to the manufacturer’s protocol. Each RNA sample was 

labeled in triplicate with Cy3 and Cy5. The labeled cDNAs were 

mixed and hybridized simultaneously to the cDNA microarray 

chip. Expression patterns after P. acnes treatment were 
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compared with those in the untreated mice. Array hybridization 

was performed according to the manufacturer’s instructions 

(Kakengeneqs Co., Ltd.). 

 

Microarray Quantification 

Fluorescent images of hybridized microarrays were obtained 

with an array scanner (model 428; Affymetrix, Santa Clara, CA, 

USA), with independent laser excitation at 532- and 635-nm 

wavelengths for the Cy3 and 5 labels, respectively.[E7] Each 

chip was scanned twice. Raw fluorescence intensity data were 

used to calculate signal intensities of the spots (DNASIS 

Array; Hitachi Software Engineering Co., Ltd., Tokyo, Japan). 

The soft ware provides an absolute analysis between any two 

chips. Data were normalized by the median of the intensity of 

the housekeeping gene. Tetraplicate data for one RNA sample 

were averaged for each gene. Normalized and averaged 

fluorescence ratios of genes from the experimental mice were 

compared with those from the control animals. Data were used 
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to calculate the percent increase or decrease in expression, 

and log2 transformed. A two-fold change in gene expression was 

used as the cutoff.  

  

Histopathology 

The left lungs were fixed in 10% buffered formalin and embedded 

in paraffin. Sections (3 to 4 m) were stained with hematoxylin 

and eosin.[E5] For the quantitative histological analysis, the 

size of granulomas was measured using a scale. The granulomas 

in the right lungs were counted and measured.  

 

Immunohistochemistry 

The left lungs were inflated with 0.5 ml of a mixed solution 

of saline and OCT compound (Ames, Elkhart, IN, USA) (1:1), 

covered with OCT compound, snap frozen in liquid nitrogen, and 

stored at -80°C until analyzed. Six-micron sections were dried 

and fixed in cold acetone for 10 minutes. Staining was performed 

using R.T.U. VECTASTAIN Universal Quick Kit (Vector 
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Laboratories).[E6] The sections were incubated in 3% H2O2 in 

methanol for 30 minutes to inhibit endogenous peroxidase, and 

incubated in blocking serum for 10 minutes. The slides were then 

incubated overnight with rabbit anti-mouse CD3, CD4 or CD8 mAbs 

at 4°C. After being washed, sections were incubated in 

prediluted biotinylated panspecific universal secondary 

antibody for 10 minutes, followed by ready-to-use 

streptavidin/peroxidase complex reagent for 5 minutes. 

Sections were developed with a diaminobenzidine substrate kit 

(Vector Laboratories, Inc.) and counterstained with Mayer’s 

hematoxylin (MUTO PURE CHEMICALS CO., LTD., Tokyo, Japan). 

 

Administration of TAK-779 

TAK-779 was dissolved in 5% mannitol solution. TAK-779 (150 

g/day) was subcutaneously administered every other day from 

four days before to six days after the challenge with 

heat-inactivated P. acnes and DCs. The BAL and histological 

analyses were performed seven days after the challenge. 
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Flow cytometric analysis and Immunofluorescence staining 

The flow cytometric analysis of BAL cells was performed with 

FACS Calibur (BD Biosciences) using fluorescence-conjugated 

rat mAbs for CXCR3, CCR5, CD11c, CD40, CD80, CD86 and CD205 as 

described previously (E1, E4). FITC-conjugated or 

PE-conjugated immunoglobulins were used as a control.[E4]  

Immunofluorescence staining were visualized using a 

fluorescence microscope (OLIMPUS BX61; OLYMPUS OPTICAL Co. 

Ltd., Tokyo, Japan). 

 

Statistical Analysis 

Comparisons among multiple groups were performed using one-way 

ANOVA with Newman-Keuls post hoc correction (GraphPad Prism, 

version 3.0). Differences were considered statistically 

significant if p values were less than 0.05. All data are 

presented as the mean±SD. 
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Table E1 The list of genes analyzed and the level of expression  

full name  gene name accession no. mean SD 

Small inducible cytokine 

subfamily C, member 1 CL1, Lymphotactin, SCM-1a D43769 1.44 0.08

Small inducible cytokine A1 I-309, TCA-3, CCL1 M17957 0 0

Small inducible cytokine A2 JE, MCP-1, CCL2 NM_011333 3.24 0.21

Small inducible cytokine A3 MIP-1 alpha, CCL3 NM_011337 1.31 0.11

Small inducible cytokine A4 MIP-1 beta, CCL4 NM_013652 2.14 0.08

Small inducible cytokine A5 RANTES, CCL5 M77747 0.79 0.16

Small inducible cytokine A6 C10 NM_009139 -0.12 0.14

Small inducible cytokine A7 MCP-3, CCL7 Z12297 3.9 0.14

Small inducible cytokine A8 MCP-2, CCL8 AB023418 3.9 0.07

Small inducible cytokine A9 

MIP-1 gamma, CCF18, MRP-2, 

CCL9 U15209 2.14 0.08

Small inducible cytokine A11 eotaxin, CCL11 U40672 -0.64 0.13

Small inducible cytokine A12 MCP-5 U50712 1.64 0.15

Small inducible cytokine 

subfamily A17 TARC, CCL17, ABCD-2 AJ242587 1.1 0

Small inducible cytokine A19 ELC, CCL19 AF059208 1.07 0.1

Small inducible cytokine 

subfamily A20 LARC, CCL20 AB015136 0 0

Small inducible cytokine A21a 

(leucine) SLC, 6Ckine-ser, CCL21-Ser U88322 -0.46 0.14

Small inducible cytokine 

subfamily A, member 22 

MDC, CCL22, ABCD-1, 

STCP-1, DC/B-CK AJ238238 -1.2 0.1

Small inducible cytokine A24 CCL24, MPIF-2, eotaxin-2 AF244367 0.68 0.09

Small inducible cytokine A25 CCL25, TECK AJ249480 -1.27 0.18

Small inducible cytokine A27 CCL27, ALP, skinkine, ILC NM_011336 -2.14 0.27

GRO1 oncogene CXCL1, GROa, MGSA-a J04596 0 0

Small inducible cytokine 

subfamily, member 2 

CXCL2, GRO2, GROb, 

MIP-2a X53798 0 0

Platelet factor 4 CXCL4, CXCL4V1, PF4 AB017491 -1.4 0.79

Small inducible cytokine B 

subfamily, member 5 CXCL5, ENA-78, LIX U27267 2.51 0.21

Small inducible cytokine B CXCL9, mig, Humig, crg-10 NM_008599 5.25 0.05
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subfamily (Cys-X-Cys), 

member 9 

Small inducible cytokine B 

subfamily (Cys-X-Cys), 

member 10 CXCL10, IP-10, crg-2 M86829 5.7 0.69

Small inducible cytokine 

subfamily B (Cys-X-Cys), 

member 11 

CXCL11, H174, b-R1, I-TAC, 

IP-9 AF179872 0.04 0.07

Stromal cell derived factor 1 

CXCL12, SDF-1a, SDF-1b, 

TLSF-a, TLSF-b D43804 1.19 0.07

Small inducible cytokine 

subfamily B (Cys-X-Cys), 

member 13 CXCL13, BLC, BCA-1, Angie AF044196 1.19 0.18

Small inducible cytokine 

subfamily B (Cys-X-Cys), 

member 14 

CXCL14, BRAK, NJAC, 

MIP-2g AF144754 -2.68 0.12

Small inducible cytokine 

subfamily B, member 15 

CXCL15, lungkine, 

CINC-2b-like, weche NM_011339 -0.36 0.11

Cxc chemokine ligand 16 CXCL16, SR-PSOX AF277001 -0.36 0.15

Small inducible cytokine 

subfamily D, 1 

CX3CL1, Fractalkine, 

neurotactin, ABCD-3 NM_009142 0.02 0.28

Chemokine (C-C) receptor 1 

CCR1, Mip1-alpha/Rantes 

receptor, MIP-1 alphaR NM_009912 -1.41 0.25

Chemokine (C-C) receptor 2 CCR2, mJE-R, mcp-1 receptor NM_009915 0.44 0.06

Chemokine (C-C) receptor 3 

CCR3, chemokine (C-C) 

receptor 1,-like 2, MIP-1 alpha 

receptor like-2 NM_009914 2.7 0.2

Chemokine (C-C) receptor 4 CCR4 NM_009916 0 0

Chemokine (C-C) receptor 5 

CCR5, MIP-1 alpha receptor, 

MIP-1 alpha/RANTES receptor U47036 0.69 0.07

Chemokine (C-C) receptor 6 CCR6 NM_009835 -1.54 0.23

Chemokine (C-C) receptor 7 CCR7, EBI1 NM_007719 0.95 0.21

Chemokine (C-C) receptor 8 CCR8, NM_007720 0.56 0.05

Chemokine (C-C) receptor 9 GPR2, CCR10 NM_007721 0 0

Chemokine (C-C) receptor 10 CCR9, GPR-9-6 NM_009913 0 0



 18

Chemokine (C-C) receptor 

1,-like 2 E01, L-CCR AF030185 -0.69 0.31

Chemokine (C-X-C) receptor 2 

CD128, CXCR2, IL-8Rh, 

mIL-8RH D17630 0.44 0.06

Chemokine (C-X-C) receptor 3 CXCR3 AF045146 0.14 0.04

Chemokine (C-X-C) receptor 4 

CXCR4. LESTR, fusin, 

PB-CKR, PBSF/SDF-1 X99582 0 0

Burkitt lymphoma receptor 1 CXCR5, Blr1 NM_007551 -1 0

Chemokine (C-X-C) receptor 6 BONZO-like, CXCR6 AF305709 1.1 0

Chemokine (C-X3-C) receptor 

1   AF102269 0 0

Chemokine (C motif) XC 

receptor 1 

single cysteine motif 1(SCM1) 

receptor, GPR5, XCR1 NM_011798 0 0

Duffy blood group DARC AF016584 0 0

Chemokine orphan receptor 1 Rdc1 AF000236 -1.81 0.48

Chemokine (C-C) receptor 

1,-like 1 

MIP-1 alphaRL1, MIP-1 alpha 

receptor like-1 NM_007718 -1.51 0

Interleukin 1 alpha   X01450 -0.42 0.15

Interleukin 1 beta   M15131 0.95 0.45

Interleukin 2   X01772 0 0

Interleukin 4   M25892 0 0

Interleukin 5   NM_010558 -1.52 0.03

Interleukin 6   X54542 0 0

Interleukin 7   NM_008371 0 0

Interleukin 9   NM_008373 -2.33 0.32

Interleukin 10   NM_010548 0 0

Interleukin 11   U03421 -0.54 0.16

Interleukin 12a interleukin 12 p35 subunit M86672 0 0

Interleukin 12b interleukin 12 p40 subunit M86671 0 0

Interleukin 13   NM_008355 0 0

Interleukin 15   U14332 0 0

Interleukin 16   NM_010551 -0.2 0.42

Interleukin 17   U43088 0 0

Interleukin 18   NM_008360 -1.8 0.06

Colony stimulating factor 3 G-CSF NM_009971 -1.33 0.09
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(granulocyte) 

Colony stimulating factor 2 

(granulocyte-macrophage) GM-CSF X03019 -0.8 0.18

Transforming growth factor, 

beta 1   AJ009862 -4.77 0.37

Transforming growth factor, 

beta 2   X57413 -3.68 0.14

Transforming growth factor, 

beta 3   M32745 -3.35 0.09

Interferon beta, fibroblast   NM_010510 0.2 0

Interferon gamma   K00083 2.94 0.27

Tumor necrosis factor (ligand) 

superfamily, member 5 CD40 ligand NM_011616 0 0

Leukemia inhibitory factor   NM_008501 -1.29 1.59

Tumor necrosis factor TNF-alpha X02611 0 0

Lymphotoxin A TNF-beta NM_010735 0 0

Interleukin 1 receptor, type I 

CD121b, IL-1 receptor alpha 

chain M20658 -1.12 0.08

Interleukin 1 receptor accessory 

protein IL-1R AcP X85999 0 0

Interleukin 1 receptor, type II 

CD121b, IL-1 receptor beta 

chain X59769 -0.04 0.11

Interleukin 1 receptor 

antagonist IL-1ra M64404 1.15 0.13

Interleukin 2 receptor, alpha 

chain 

interleukin 2 receptor, CD25, 

p55 chain gene M30856 0 0

Interleukin 2 receptor, beta 

chain p70, CD122 NM_008368 1.54 0.08

Interleukin 2 receptor, gamma 

chain 

gamma C receptor, common 

gamma chain, common 

cytokine receptor gamma chain X75337 -2.82 0.27

Interleukin 3 receptor, alpha 

chain CD123, Il-3 alpha subunit X64534 -2.55 0.23

Interleukin 4 receptor, alpha CD124 M27959 -2.54 0.17

Interleukin 5 receptor, alpha interleukin-5 receptor D90205 1.01 0.06
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precursor, CD125 

Interleukin 6 signal transducer gp130, CD130 M83336 0 0

Interleukin 6 receptor, alpha 

CD126, IL-6 receptor alpha 

chain X51975 1.01 0.06

Interleukin 7 receptor 

interleukin-7 receptor 

precursor, CD127 M29697 0 0.04

Interleukin 9 receptor   M84746 0 0

Interleukin 10 receptor, alpha mIL-10R L12120 0.74 0.07

Interleukin 10 receptor, beta CRF2-4 NM_008349 -1.46 0.1

Interleukin 11 receptor, alpha 

chain 1 NR1 U14412 -2.6 0.04

Interleukin 12 receptor, beta 1 IL-12R[b] U23922 1.32 0.3

Interleukin 12 receptor, beta 2   U64199 -0.6 0.26

IL-13 receptor alpha chain Interleukin 13 receptor, alpha 1 S80963     

Interleukin 13 receptor, alpha 2   NM_008356 0.4 0

Interleukin 15 receptor, alpha 

chain IL-15 receptor NM_008358 -2.42 0.33

Interleukin 17 receptor   U31993 0.14 0.05

Interleukin 18 receptor 

accessory protein muAcPL AF077347 0 0

Interleukin 21 receptor Il2rb-like receptor AF279436 -0.05 0.07

Colony stimulating factor 2 

receptor, alpha, low-affinity 

(granulocyte-macrophage) GM-CSFR, CD116 M85078 0 0

Colony stimulating factor 2 

receptor, beta 1, low-affinity 

(granulocyte-macrophage) AIC2B, CDw131 M34397 -1.42 0.12

Colony stimulating factor 2 

receptor, beta 2, low-affinity 

(granulocyte-macrophage) AIC2A M29855 0.64 0.07

Colony stimulating factor 3 

receptor (granulocyte) G-CSFR M58288 -1.09 0.18

Transforming growth factor, 

beta receptor I TbetaR-I D25540 0 0

Transforming growth factor, DNIIR, RIIDN, TbetaRII, D32072 0 0
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beta receptor II TbetaR-II 

Transforming growth factor, 

beta receptor III TGF-beta type III receptor AF039601 -2.46 0.1

Interferon (alpha and beta) 

receptor CD118, INF-a receptor M89641 -0.26 0.03

Interferon gamma receptor CD119 M28233 -2.05 0.55

Interferon gamma inducing 

factor binding protein MC54L, IL-18BP NM_010531 3.03 0.07

Actin, beta, cytoplasmic   X03765 

positive 

control   

Glyceraldehyde-3-phosphate 

dehydrogenase   M32599 

positive 

control   

Transferrin receptor   X57349 

positive 

control   

Ribosomal protein L12   L04280 

positive 

control   

Ribosomal protein S18   NM_011296 

positive 

control   

Myosin Ib   NM_010863 

positive 

control   

Ornithine decarboxylase, 

structural   NM_013614 

positive 

control   

H1 histone family, member 2   NM_015786 

positive 

control   

*The data were log2 transformed. 

 

 

Figure legends  

Figure E1  Time course of pulmonary granuloma induced by 

P.acnes and dendritic cells.  



 22

Mice were subcutaneously immunized twice with 1mg of 

heat-killed P. acnes at a two-week interval with mature DCs 

(1x106 cells) stimulated with heat-killed P. acnes (100 g/ml) 

for 24 hours. Two weeks after the second immunization, mice were 

challenged intravenously with heat-killed P.acnes (1 mg) and 

mature DCs. At the indicated time point, mice were sacrificed, 

and Hematoxilin & eosin staining was performed with sections 

of the lungs. The pictures indicate the representative lung 

section with various magnifications (Arrows: granulomas in the 

lungs). Bars = 100 m. 

 

Figure E2  Pulmonary granulomas including multinucleated 

giant cells induced by P.acnes and dendritic cells. Mice were 

subcutaneously immunized twice with 1mg of heat-killed P. acnes 

at a two-week interval with mature DCs (1x106 cells) stimulated 

with heat-killed P. acnes (100 g/ml) for 24 hours. Two weeks 

after the second immunization, mice were challenged 

intravenously with heat-killed P.acnes (1 mg) and mature DCs. 

Seven days later, mice were sacrificed and hematoxylin & eosin 
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staining was performed with sections of the lungs. The pictures 

indicate the representative lung section with various 

garanulomas. Bars = 100 m. 

 

Figure E3  Flow cytometric analysis of dendritic cells 

stimulated with P.acnes. Mouse bone marrow (BM)-derived 

dendritic cells (DCs) were generated using rmGM-CSF and rmIL-4 

as described in the materials and methods. On day 6 in BM-DCs 

culture, immature DCs were harvested and re-cultured with LPS 

(0.1 g/ml) and heat-killed P. acnes (100 g/ml) for 24 hours. 

On day 7, immature and stimulated DCs were examined for 

expressions of CD40, CD80, CD86 and CD205 by flow cytometric 

analysis.  

 

Figure E4 Expressions of CCR5 and CXCR3 in dendritic cells 

stimulated with P.acnes. Mouse bone marrow (BM)-derived 

dendritic cells (DCs) were generated using rmGM-CSF and rmIL-4 

as described in the materials and methods. On day 6 in BM-DC 

culture, immature DCs were harvested and re-cultured with 
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heat-killed P. acnes (100 g/ml) for 24 hours, and stained with 

FITC-conjugated CD11c mAb and PE-conjugated CCR5 or CXCR3. 

Expressions were visualized using a fluorescence microscope.  

Immature DCs used in this study express low level of CCR5, not 

CXCR3. The stimulation with P.acnes could enhance expressions 

of both CCR5 and CXCR3 in DCs. 

 

Figure E5  Trafficking study of injected DCs. 

Mature DCs stimulated with heat-killed P.acnes were labeled 

with PKH26, and injected from tail vein into mice. At the 

indicated time points, mice were sacrificed and lungs were 

embedded in OCT compound, and frozen. Serial 6-m sections were 

made from these samples using a cryostat, and fluorescence 

images of sections excited at 568 nm wavelength were captured 

with a confocal laser scanning microscope equipped with an 

Ar-Kr laser and a x10 dry objective (lower picture) (Arrows: 

labeled and injected DC in granulomas in the lungs). The serial 

sections were also counterstained with Mayer’s hematoxylin 
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(upper picture) (Arrows: granulomas in the lungs). The injected 

DCs distributed into the lungs 6 hours after injection, and the 

granuloma appeared 24 hours later. In the granulomatous lesion, 

some labeled DCs were detected until 72 hours later after 

injection. These data demonstrated that the injected DCs 

migrated into the site of granuloma via blood circulation and 

induced immune reaction to generate the granulomatous lesion 

in situ.  

 


