
Abstract. Background/Aim: Dermatofibrosarcoma protuberance
(DFSP) is a fibrohistiocytic tumor of intermediate malignancy
characterized by slow infiltrative growth and a high tendency
to recur locally. Periostin is involved in modulating cell function
and inducing the production of proinflammatory cytokines,
chemokines, and matrix metalloproteinases (MMPs) from
tumor-associated macrophages (TAMs) to promote fibrosis and
tumor growth. This study aimed to examine the cancer stroma
of DFSP, focusing on TAMs-related proteins and MMPs.
Patients and Methods: Using immunohistochemical staining
and DNA microarray database, we evaluated periostin, CD163,
CD206, MMP1 and MMP12 in 10 cases of DFSP and
dermatofibroma. Results: Dense deposits of periostin as well as
a substantial number of CD163+ TAMs were detected at the
peripheral areas of DFSP. Moreover, MMP1 and MMP12, that
were selected by using a DNA microarray database of
monocyte-derived macrophages, were observed in the TAMs-
detected area. Conclusion: Increased levels of MMP1 and
MMP12 on TAMs in the peripheral areas of DFSP might
contribute to local invasion.

Dermatofibrosarcoma protuberance (DFSP) is a fibrohistio-
cytic tumor of intermediate malignancy characterized by slow
infiltrative growth and a high tendency to recur locally. DFSP
characteristically grows seemingly at random with
microscopic finger-like projections emanating from the center
of the tumor (1). Although several reports have suggested the
relationship between the biological behavior of DFSP and
matrix metalloproteinases (MMPs), the mechanisms to induce
MMPs in the lesional skin of DFSP is still unclear (2-5). 

Tumor-associated macrophages (TAMs) promote an
immunosuppressive environment in the tumor-bearing host
by various pathways (6). Among them, previous reports have
indicated that TAMs modulate and induce neovascularization
by producing angiogenc factors, including (MMPs). Indeed,
in combination with VEGF (vascular endothelial growth
factor), MMPs play a crucial role in TAMs (6). For example,
CD163+ TAMs produced high levels of MMP9 and MMP11
to promote tumor development in cutaneous squamous cell
carcinoma (7). Another report has also suggested that TAMs
could produce specific MMPs by stimulation of cancer-
specific stromal factors such as periostin (8). These reports
suggested that MMPs play important roles in developing a
series of skin cancers. In the present study, we investigated
the stroma of DFSP and benign fibrous tumor
dermatofibroma (DF) with a focus on TAMs and TAM-
related immunoreactive molecules in cancer stroma. 

Materials and Methods
Materials. The following antibodies (Abs) were used for
immunohistochemical staining: rabbit polyclonal Abs for human
periostin (Abcam, Tokyo, Japan), CD163 (Novocastra, Tokyo,
Japan), CD206 (LifeSpan BioScience, Seattle, WA), MMP1 (Biobyt,
Cambridge, UK), and MMP12 (R & D systems, Minneapolis, MN).

Patients, tissue samples and immunohistochemical staining. For
immunohistochemical staining, archival formalin-fixed paraffin-
embedded skin specimens were collected from 10 patients with
DF and 10 patients with DFSP who were treated in the
Department of Dermatology at Tohoku University Graduate
School of Medicine (Table I). All patients gave written informed
consent. Before the antigen retrieval procedure, we used 0.3%
H2O2 in methanol to inhibit endogenous peroxidase. These
samples were analysed for single staining of periostin, CD163,
CD206, MMP1, and MMP12. Briefly, formalin-fixed paraffin-
embedded tissue samples were sectioned at 4 mm and
deparaffinized. After autoclaving for antigen retrieval treatment,
the sections were blocked with goat serum (Gibco, Tokyo, Japan),
for 10 minand exposed to primary antibodies at 4˚C overnight.
Antibody binding was demonstrated via 3-amino-9-ethylcarbazole
(Nichirei Bioscience, Tokyo, Japan).

2867

Correspondence to: Taku Fujimura, Department of Dermatology,
Tohoku University Graduate School of Medicine, Seiryo-machi 1-
1, Aoba-ku, Sendai, 980-8574, Japan. Tel: +81 227177271, Fax:
+81 227177361, e-mail: tfujimura1@mac.com 

Key Words: DFSP, periostin, tumor-associated macrophages,
MMP1, MMP12.

ANTICANCER RESEARCH 37: 2867-2873 (2017)
doi:10.21873/anticanres.11639

The Immunological Roles of Periostin/Tumor-Associated
Macrophage Axis in Development of 
Dermatofibrosarcoma Protuberans 

TAKU FUJIMURA, AYA KAKIZAKI, YOTA SATO, KAYO TANITA, SADANORI FURUDATE and SETSUYA AIBA

Department of Dermatology, Tohoku University Graduate School of Medicine, Sendai, Japan



DNA microarray database. The data discussed in this publication
have been deposited in NCBI’s Gene Expression Omnibus and are
accessible through GEO Series accession number GSE70821 (8).
(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE70821).

Culture of M2 macrophages from human peripheral blood
monocytes stimulated with periostin and IL-4. CD14+ cells were
isolated from the peripheral blood mononuclear cells (PBMCs) of
healthy donors by using MACS beads (CD14 microbeads, Miltenyi
Biotec, CA) according to the manufacturer’s protocol. CD14+
monocytes (2×105/ml) were cultured in complete RPMI-1640
medium (Sigma Aldrich, Tokyo, Japan) containing 100 ng/ml of
recombinant human M-CSF (Peprotech, London, UK) for 5 days as
previously reported (9). On the fifth day, the monocyte-derived M2
macrophages (M2M) were treated with IL-4 (Peprotech, London,
UK) (20 ng/ml) together with periostin (R and D system,
Minneapolis, MN) (100 ng/ml). This study was approved by the
ethics committee of Tohoku University Graduate School of
Medicine, Sendai, Japan (2014-1-687).

RNA extraction, assessment of quality,reverse transcription, and
quantitative real-time PCR experiments. Total RNA was extracted
by using an RNeasy Micro kit (Qiagen, Courtaboeuf, France) in
accordance with the manufacturer’s instructions. The RNA was
eluted with 4 μl of RNase-free water. DNase I treatment (RNase-
Free DNase Set; Qiagen) was performed to remove contaminating
genomic DNA. Reverse transcription was performed with the
SuperScript VILO cDNA Synthesis Kit (Invitrogen, Carlsbad, CA).

Amplification reactions were performed with an Mx 3000P Real-
Time Quantitative PCR System (Stratagene, Tokyo, Japan). The
thermal cycling conditions were: 3 min for polymerase activation at
95˚C followed by 40 cycles at 95˚C for 5 sec and 60˚C for 20 sec,
and finally maintained at 4˚C. Relative mRNA expression levels
were calculated for each gene and each time point after
normalization against GAPDH by using the ΔΔCt method.

Results

Periostin deposits, CD163+ TAMs, and CD206 cells in DFSP.
We evaluated deposits of periostin, that are reported to play a
role in fibrosing diseases (10) and tumor progression (11), in
the stromal area of DFSP. Immunohistochemical staining for
periostin revealed dense deposits of periostin at the peripheral
areas of the DFSP in all 10 cases of DFSP tested (Figure 1A,
B, Table I). In contrast, there were no periostin deposits in the
central areas of the tumor (Figure 1A). As a previous report
suggested, periostin modulates the mRNA expression of
chemokines and MMPs (8). In another report, periostin
recruited M2 tumor-associated macrophages (TAMs) to
promote the growth of glioblastoma multiforme (12). Based on
the above findings, we hypothesized that TAMs stimulated by
periostin might play roles in the pathogenesis of DFSP and DF.
Therefore, we performed immunohistochemical staining for
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Table I. Summary of the 10 cases of DFSP and DF of this study.

                                                     Age               Gender                       Locasion                           POSTN                     MMP1                  MMP12    

DFSP                   Case 1                 38                     M                           Abdomen                              2+                             1+                          1+         
                            Case 2                 57                     M                           Shoulder                               1+                             1+                          2+         
                            Case 3                  5                      M                    Medial malleolus                        2+                             2+                          2+         
                            Case 4                 41                      F                               Back                                  2+                             2+                          2+         
                            Case 5                 51                      F                               Chest                                  1+                             1+                          2+         
                            Case 6                 35                      F                           Lower leg                              1+                             1+                          1+         
                            Case 7                 49                      F                             Ingrown                                2+                             2+                          2+         
                            Case 8                 53                     M                               Back                                  2+                             2+                          1+         
                            Case 9                 42                      F                            Abdomen                              1+                             1+                          2+         
                           Case 10               23                      F                               Chest                                  1+                             1+                          2+         

                                                     Age               Gender                       Location                           POSTN                     MMP1                  MMP12    

DF                        Case 1                 66                     M                            Buttock                                2+                             1+                          2+         
                            Case 2                 43                     M                               Back                                  1+                             1+                          1+         
                            Case 3                 47                     M                           Shoulder                               1+                             1+                          2+         
                            Case 4                 28                      F                      Populiteal fossa                         2+                             2+                          2+         
                            Case 5                 62                      F                           Upper arm                              2+                             2+                          2+         
                            Case 6                 48                     M                          Upper arm                              2+                             2+                          2+         
                            Case 7                 43                     M                          Upper arm                              2+                             1+                          1+         
                            Case 8                 44                      F                               Back                                  2+                             1+                          2+         
                            Case 9                 25                      F                                Face                                   1+                             1+                          2+         
                           Case 10               62                      F                                Foot                                   1+                             2+                          2+         

1+: Weak; 2+: intense. DFSP: Dermatofibrosarcoma protuberans; POSTN: periostin; DF: dermatofibroma; MMP: matrix metalloproteinase.



CD163 and CD206 in DFSP. Substantial numbers of CD163+
TAMs (Figure 1C) and CD206+ cells (Figure 1D) were
detected in all cases of DFSP.

Periostin deposits, CD163+ TAMs, and CD206 cells in DF.
Next, we evaluated the deposits of periostin, CD163+ TAMs
and CD206+ cells in the stromal area of the benign fibrous
tumor DF. In the stroma of DF, dense deposits of periostin
were diffusely detected in the central areas of the tumor in
all 10 cases (Figure 2A and B). Similarly to DFSP,
substantial numbers of CD163+ TAMs (Figure 2C) and
CD206+ cells (Figure 2D) were detected in all cases of DF.
MMP1- and MMP12-bearing cells in the lesional skin of
DFSP and DF. Substantial numbers of CD206+ cells were
detected in the stroma of DFSP and DF, which suggests that

IL-4 stimulates TAMs in the lesional skin of DFSP and DF
(13, 14). Therefore, we further hypothesized that periostin
and IL-4 might modulate the function of CD163+ TAMs.
Indeed, periostin deposits were observed in the same areas
as CD163+ TAMs and CD206+ cells. As we previously
reported, DNA microarray analysis (GEO Series accession
number GSE70821: http://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE70821) revealed that in vitro
stimulation of CD163+-monocyte-derived macrophages
(MoM) by periostin augments only the mRNA expression of
MMP12 among the MMPs (8). Using another DNA
microarray database, IL-4 stimulation augments the mRNA
expression of MMP1 and MMP12 among the MMPs (GEO
Series accession number GSE75829: http://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE75829). 
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Figure 1. TAMs and cancer stroma in the lesional skin of DFSP. Paraffin-embedded tissue samples from a patient with DFSP were deparaffinized
and stained with anti-periostin Ab (A, B), anti-CD163Ab (C), and anti-CD206 Ab (D). Sections were developed with 3-amino-9-ethylcarbazole.
Original magnification; 100× (A), 200× (B-D).



Therefore, to confirm the results of the previous
microarray data, we performed quantitative RT-PCR analysis
of MoM that were treated with or without 100 ng/ml
periostin and 20 ng/ml IL-4. We evaluated the mRNA
expression of MMP1 and MMP12. Consistent with the
results of the DNA microarray analysis, these results
demonstrated that stimulation with periostin and IL-4
augmented the expression of MMP1 and MMP12 mRNA,
while stimulation with only periostin augmented the
expression of MMP12 mRNA (Figure 3). 

The production of MMP1 and MMP12 in DFSP and DF. To
validate the quantitative RT-PCR results obtained by using
MoM, we evaluated the MMP1- and MMP12-expressing
cells in the lesional skin of each tumor. Both in DFSP and

DF, MMP1-bearing cells (Figure 4A, B) and MMP12-
bearing cells (Figure 4C, D) were scattered in the areas
infiltrated by CD163+ macrophages. 

Discussion

Periostin is an extracellular matrix protein that is involved
in modulating cell functions. Also, it interacts with its
functional integrin receptor molecules to induce the
production of proinflammatory cytokines from keratinocytes,
thereby accelerating Th2-type immune responses in allergen-
induced skin inflammation (15). The deposition of periostin
occurs in fibrosing skin diseases, such as keloids,
hypertrophic scars (16). Concerning tumor development,
Zhou et al. have reported that periostin from glioblastoma
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Figure 2. TAMs and cancer stroma in the lesional skin of DF. Paraffin-embedded tissue samples from a patient with dermatofibroma were
deparaffinized and stained with anti-periostin Ab (A, B), anti-CD163Ab (C), and anti-CD206 Ab (D). Sections were developed with 3-amino-9-
ethylcarbazole. Original magnification; 100× (A), 200× (B-D).



stem cells recruits monocytes from peripheral blood, which
results in an increase of M2-like TAMs and promotes the
growth of glioblastoma multiforme (12). Periostin has also
been reported to stimulate monocyte-derived macrophages to
produce a series of chemokines and MMPs that might be
connected with the cancer formation of mycosis fungoides
(8, 17). These reports suggest that chemokine production
from TAMs stimulated by periostin play crucial roles in the
progression of various tumors.

TAMs comprise of a heterogeneous population of cells
that compose cancer stroma and express an array of effector
molecules that inhibit the anti-tumor immune responses (18).
For example, TAMs secrete chemokines, such as CCL5,
CCL20, and CCL22, which recruit natural regulatory T
(nTreg) cells (18, 19). On the other hand, CCL5 is reported
to polarize naive T cells to Th2 cells to promote tumor
growth in a mouse breast cancer model (20). In addition, as
we have previously reported, TAMs produce CCL17 to
recruit Tregs in the lesional skin of extramammary Paget’s
disease (9). These reports suggest that TAMs play a central
role in maintaining the immunosuppressive tumor
microenvironment and strongly correlate with the
pathogenesis of various cancers.

Regarding macrophage differentiation, Gordon and
Martinez proposed IL-4 as one of the cytokines that induces

the differentiation of monocytes into mature macrophages in
a second stage of activation in which they produce Th2
chemokines (9, 13, 14). These in vitro data suggest that IL-4
polarizes macrophages into type 2 (M2) macrophages.
Notably, IL-4 is necessary for the expression of CD206 on
macrophages (9, 13, 14). In our present study, CD206+ cells
densely infiltrated the areas with CD163+ TAMs in all cases
of DFSP and DF. Therefore, we hypothesized that TAMs in
DFSP might be stimulated by both periostin and IL-4. By
using a DNA microarray database of monocyte-derived
macrophages stimulated by periostin and IL-4, we detected
that periostin and IL-4 augment the mRNA expression of
MMP1 and MMP12. Indeed, we validated our hypothesis
based on the microarray information by immunohistochemical
staining of MMP1 and MMP12 in DFSP. 

The expression of both MMP1 and MMP12 correlated to
the risk and prognosis of various cancers (21) and could be
a biomarker of various cancers (22). As Foley and
Kuliopulos have reviewed, MMP1/collagenase-1 degrades
type I, type II, and type III collagen to promote tumor
invasion (23). In addition, Kim et al. have reported MMP1
as a mediator of circulating tumor cell infiltration into
mammary tumors to promote the progression of mouse
breast cancer (24). On the other hand, MMP12 is a
macrophage-secreting proteinase that promotes immune
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Figure 3. mRNA expression of MMP1 and MMP12 on macrophages stimulated by periostin and IL-4. Monocyte-derived macrophages were induced
from PBMCs from healthy donors, as described in Materials and Methods. On the fifth day, the monocyte-derived macrophages were treated with
periostin (100 ng/ml) with or without IL-4 (20 ng/ml). Six hours after stimulation, total RNA was recovered from macrophages and amplified,
labeled, and analyzed. Quantitative real-time PCR for validation of the DNA microarray results was conducted to determine the number of copies
of cDNA for each MMP, and the mRNA expression levels relative to the mRNA expression levels were calculated for each gene and time point after
normalization against GAPDH by using the ΔΔCt method. The data from each donor were obtained in triplicate assays, and then the mean±SD
was calculated. Averages of data from at least three independent experiments are shown. 



suppression and tumor progression in lung adenocarcinoma
(25), hepatocellular carcinoma (26), and head and neck
squamous cell carcinoma (27). For example, MMP12
expression is associated with the extracapsular spread and
correlated with nodal metastasis in head and neck squamous
cell carcinoma (27). These reports suggest that the increased
levels of MMP1 and MMP12 on TAMs in the peripheral
areas of DFSP could be a possible mechanism of local
invasion of DFSP. Since immunohistochemical analysis only
examines a single time point within the life of a tumor,
further studies are needed to gain additional insight into the
pathomechanisms of DFSP.
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