
Abstract. Primary cutaneous apocrine carcinoma (PCAC)
is a rare and highly aggressive tumor entity. Since there is no
conventional therapy for advanced PCAC, exploratory
treatments are sometimes used. As we previously reported,
receptor activator of nuclear factor kappa-B (RANK) ligand
(RANKL)/RANK signaling on M2 macrophages promotes the
production of chemokines and proinflammatory cytokines to
maintain the immunosuppressive tumor environment of
extramammary Paget’s disease (EMPD). Since EMPD is a
skin adenocarcinoma of apocrine gland origin that expresses
high levels of RANKL and matrix metalloproteinase (MMP)
7, and EMPD is associated with the presence of RANK+ M2
macrophages, we hypothesized that tumor-associated
macrophages (TAMs) in adenocarcinomas such as PCAC
might also express RANKL and MMP7. Materials and
Methods: We employed immunohistochemical staining of
RANKL and MMP7 in the lesional skin from five patients with
PCAC, and microarray analysis of MMPs using human
monocyte-derived macrophages. Results: According to DNA
microarray analysis, the expression of MMP1 and MMP25
was augmented. The DNA microarray results were verified by
using real-time polymerase chain reaction (RT-PCR).
Immunohistochemical staining of MMP1 and MMP25 as well
as chemokine (C-C motif) ligand (CCL) 5 in the lesional skin
from five patients with PCAC showed a substantial number
of MMP1-bearing cells and MMP25-bearing cells, as well as
CCL5-producing cells, that were distributed in the lesional
skin. Conclusion: Our study suggests that the RANKL/RANK
pathway contributes to the development and maintenance of

the immunosuppressive tumor microenvironment and
denosumab may be a promising adjuvant therapy targeting
TAMs in cancer of apocrine origin. 

Primary cutaneous apocrine carcinoma (PCAC) is rare and
highly aggressive, being highly metastatic to lymph nodes
and other organs, including bone (1-4). Several case reports
suggest the successful treatment of metastasized PCAC using
chemotherapy with or without radiotherapy (1-4), although
drug tolerance is sometimes induced, especially in
molecular-targeted therapy (5). Therefore, the induction of
an antitumor immune response is important for the long-term
response in patients with cancer (6).

Cancer stroma contains various immune cells. Of these,
tumor-associated macrophages (TAMs) and regulatory T-cells
(Tregs) create an immunosuppressive microenvironment
through various pathways. For example, TAMs suppress
effector T-cells through immune checkpoint molecules, such
as those of the programmed cell death 1 (PD-1) (7) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA4) (8, 9)
pathways. TAMs recruit Tregs by producing CCL17 and
CCL22 to maintain the immunosuppressive microenvironment
(8, 10-12). Since TAMs have been detected both in melanoma
and non-melanoma skin cancer (8, 12-14), their variable
immunosuppressive function is determined by the stimulation
from each cancer type and the corresponding stromal factors
(11, 13, 15, 16). For example, Paget’s cells release soluble
receptor activator of nuclear factor kappa-B ligand (sRANKL)
into the tumor microenvironment, stimulating RANK+ TAMs
to produce CCL17, which recruits Tregs into the lesional skin
of patients with extramammary Paget’s disease (EMPD) (11,
17). Accordingly, investigating the characteristics of cancer-
related factors is important to determine the immunological
background of the tumor microenvironment in each type of
skin cancer.

In the present report, we first investigated the expression
of RANKL, matrix metalloproteinase (MMP) 7, CD163, and
CD206 in five cases of PCAC and five cases of benign
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apocrine adenoma. Then we analyzed the immunomodulatory
effects of sRANKL on TAMs using a DNA microarray
database of CD163+ CD206+ Arg1+ RANK+ M2
macrophages generated from CD14+ monocytes stimulated
by RANKL (11, 18). Our results suggest the possible role of
RANKL in maintaining the immunosuppressive cancer
microenvironment of PCAC. 

Materials and Methods
Reagents. The following antibodies (Abs) were used for
immunohistochemical staining: mouse monoclonal Abs for human
CD163 (Novocastra, Tokyo, Japan), CD206 (LifeSpan BioScience,
Seattle, WA, USA), and CCL5 (LifeSpan BioScience); and rabbit
polyclonal Abs for human RANKL (LifeSpan Bioscience), MMP1
(Abnova, Taipei, Taiwan), MMP7 (LifeSpan Bioscience), and
MMP25 (Abcam, Tokyo, Japan). The following agents used for cell
culture were purchased from Peprotech (London, UK): recombinant
human macrophage colony-stimulating factor (M-CSF), human
interleukin-4 (IL-4), and sRANKL.

Tissue samples and immunohistochemical staining. We collected
archival formalin-fixed paraffin-embedded skin specimens from five
patients with PCAC and five patients with benign apocrine adenoma
(two cases of apocrine hidrocystoma, two cases of adenoma of the
nipple, and one case of syringocystadenoma papilliferum) treated at
the Department of Dermatology at Tohoku University Graduate
School of Medicine (Table I). The five PCAC samples and five
benign apocrine adenoma samples were processed for single
staining of RANKL, MMP7, CD163, CD206, MMP1, MMP25 and
gross cystic disease fluid protein 15 (GCDFP15), and developed
with liquid permanent red (Dako, Tokyo, Japan).

DNA microarray database. As we previously reported, our microarray
study data were deposited in the National Center for Biotechnology
Information (NCBI) Gene Expression Omnibus and are accessible
through GEO Series accession number GSE72292 (18). http://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE72292.

Culture of M2 macrophages from human peripheral blood monocytes
and treatment with or without RANKL. CD14+ cells were isolated
from the peripheral blood mononuclear cells (PBMCs) of healthy
donors using magnetic-activated cell sorting (MACS) beads (CD14
microbeads, Miltenyi Biotec, Bergisch Gladbach, Germany)
according to the manufacturer’s protocol. CD14+ monocytes
(2×105/ml) were cultured in complete medium containing 100 ng/ml
of recombinant human M-CSF for 5 days, as previously reported (11).
On the fifth day, the monocyte-derived M2 macrophages (M2Mφ)
were treated with IL-4 (20 ng/ml) together with or without RANKL
(100 ng/ml) for 6 hours for the analysis of mRNA expression.

RNA extraction, assessment of quality and reverse transcription,
and quantitative real-time PCR. Total RNA was extracted 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 by using SuperScript VILO
cDNA Synthesis Kit (Invitrogen). Amplification reactions were

performed by using an Mx 3000P Real-Time Quantitative PCR
System (Stratagene, Tokyo, Japan). The thermal cycling conditions
were 3 minutes for polymerase activation at 95˚C, followed by 40
cycles at 95˚C for 5 seconds and 60˚C for 20 seconds, and finally
products were maintained at 4˚C. Relative mRNA expression levels
were calculated for MMP1 and MMP25, and each time point after
normalization against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) by using the ΔΔCt method. This study was approved by
the Ethics Committee of Tohoku University Graduate School of
Medicine, Sendai, Japan (2014-1-687) and conducted according to
the Declaration of Helsinki principles.

Statistical analysis. For a single comparison of two groups, Student’s
t-test was used. The level of significance was set at p=0.05. 

Results
The expression of RANKL and MMP7 on PCAC and benign
apocrine adenoma. As we previously reported, Paget cells
express RANKL and MMP7 in the lesional skin of a
representative skin cancer of apocrine origin, EMPD (11,
17), leading to the recruitment of Tregs through CCL17
produced by TAMs. Therefore, in the present study, we
further investigated the expression of RANKL and MMP7
on PCAC and benign apocrine adenoma. We employed
immunohistochemical staining for RANKL and MMP7 in
five cases of PCAC and five cases of benign apocrine
adenoma. As shown in Figure 1, tumor cells expressed
RANKL (Figure 1A) and MMP7 (Figure 1B) in all cases of
PCAC, whereas only RANKL but not MMP7 was expressed
in all cases of benign apocrine adenoma (Figure 1C and D).
We summarize the semi-quantitative analysis of
immunohistochemical staining in Figure 2.

TAMs in PCAC and benign apocrine adenoma. Since
sRANKL stimulates activated CD163+CD206+ macrophages
to produce a series of chemokines (18), we next evaluated
CD163+ macrophages and CD206+ cells in the lesional skin
of PCAC and benign apocrine adenoma. We
immunohistochemically analyzed the expression of CD163
and CD206, which are both markers of tumor-associated M2
macrophages (17). A substantial number of CD163+
macrophages (Figure 3A) and CD206+ cells (Figure 3C) were
detected in the lesional skin of PCAC. In contrast, only a few
CD163+ macrophages (Figure 3B) and CD206+ cells (Figure
3D) were observed in the lesional skin of benign apocrine
adenoma. The number of CD163+ macrophages and CD206+
cells are summarized in Figure 2. 

mRNA expression of CCL5, MMP1, and MMP25 on CD163+

CD206+ Arg1+ RANK+ M2 macrophages is augmented by
stimulation with sRANKL. Since we detected expression of
RANKL and MMP7 in the lesional skin of PCAC, we next
analyzed the immunomodulatory effects of sRANKL on
TAMs using CD163+ CD206+ Arg1+ RANK+ M2
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macrophages generated from CD14+ monocytes and a
microarray database (11, 18). We focused on chemokines and
MMP genes that were modified by sRANKL treatment and
found that RANK+ M2 macrophages up-regulated their
mRNA expression of CCL5, CCL17, MMP1 and MMP25
after stimulation with sRANKL (http://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE72292.). MMP mRNA
expression is depicted in Figure 4A.

To confirm the results of the microarray data, we
performed quantitative RT-PCR analysis of monocyte-
derived M2 macrophages that were treated with or without
100 ng/ml sRANKL (Figure 4B). We focused on the mRNA
expression based on the results of the DNA microarray.
These results demonstrated that stimulation with sRANKL
augmented the expression of MMP1 and MMP25 mRNA by
M2 macrophages. Concerning the series of chemokines, the

mRNA expression of CCL5 and CCL17 was confirmed by
quantitative RT-PCR, as we previously reported (18).

Expression of MMP1, MMP25, and CCL5 in the lesional skin
of PCAC. Since our in vitro study suggested the immuno-
modulatory effects of sRANKL on CD163+CD206+
macrophages as described above, we hypothesized that the
expression of MMP1 and MMP25, as well as CCL5-producing
cells, might be observed in the lesional skin of PCAC, which
contains abundant CD163+CD206+ macrophages. To confirm
our hypothesis, we employed immunohistochemical staining of
MMP1, MMP25, and CCL5 in five cases of apocrine
carcinoma. As expected from the DNA microarray database, a
substantial number of both MMP1-bearing mononuclear cells
(Figure 5A) and MMP25-bearing mononuclear cells (Figure
5B) were detected in the lesional skin of PCAC. 
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Figure 1. Immunohistochemical staining of receptor activator of nuclear factor kappa-B ligand (RANKL) and matrix metalloproteinase (MMP) 7
on primary cutaneous apocrine carcinoma (A, B) and apocrine hidrocystoma (C, D). Samples were deparaffinized and stained with anti-RANKL
(A, C) and anti-MMP7 (B, D). The sections were developed with liquid permanent red. Original magnification: ×200. 



Discussion

The interaction between RANK and its ligand, RANKL, a
cytokine member of the tumor necrosis factor superfamily,
was first described as the primary mediator of progesterone-
induced proliferation of mammary epithelial cells, and the
activation of this pathway promotes mammary tumorigenesis
(19). Indeed, Bhatia et al. reported that RANKL is expressed
in 90% of non-neoplastic breast tissue, 62% of non-metastatic
invasive ductal carcinomas, and 31% of metastatic invasive
ductal carcinomas (20). In addition, RANK/RANKL
signaling is essential for osteoclast formation, function, and
survival, and plays a leading role in bone-related pathologies
including bone metastases (21). Concerning its effect on
cutaneous immune systems, another report suggested the
essential role of RANK/RANKL signaling in dendritic cells
for the induction of tolerance in skin (22). Loser et al.
reported, ultraviolet irradiation up-regulated the expression of
RANKL in keratinocytes, which stimulated RANK
expression on Langerhans cells, leading to ultraviolet-induced
cutaneous immunosuppression (22). 

Concerning skin cancer of apocrine origin, RANKL/
RANK signaling facilitates the production of a Treg-related
chemokine, CCL17, from CD163+ CD206+ Arg1+ M2
polarized TAMs in the dermis and CD1a+CD209+
Langerhans cells in the epidermis by the stimulation of
sRANKL released from Paget cells in the lesional skin of
patients with EMPD (11, 17, 23). In addition, DNA

microarray analysis suggested that sRANKL selectively
facilitate the production of CCL5, CCL17, MMP1, and
MMP25 from M2 macrophages (18). Indeed, substantial
numbers of CCL5-producing cells were detected in the
lesional skin of patients with EMPD (17), suggesting that the
tumor microenvironment of EMPD is polarized to the
immunosuppressive M2/Th2 axis through TAMs (24). 

Immunosuppressive TAMs promote an immunosuppressive
microenvironment in the tumor-bearing host together with
Tregs in various types of skin cancer (8). TAMs are a
heterogeneous and plastic population of cells that can be
functionally reprogrammed to polarized phenotypes by
exposure to cancer-related factors (8, 11, 14, 17, 26). One of
the most important roles of TAMs is the production of
specific chemokines that are determined by the stimulation of
stromal factors (9). For example, the cancer stroma of
mycosis fungoides contains periostin which stimulates TAMs
to produce chemokines related to tumor formation in the
lesional skin (15). In addition, another report suggested that
the administration of IFNα was able to modify chemokine
production by TAMs in the lesional skin of patients with
mycosis fungoides, leading to the induction of therapeutic
effects (16). 

Since MMPs are highlighted as a key marker of M2
macrophages (14), another important role of TAMs is their
ability to produce MMPs (8). Indeed, CD163+ TAMs produced
high levels of MMP9 and MMP11 in cutaneous squamous cell
carcinoma (14). In addition, Kale et al. also reported that
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Figure 2. A: The intensity of immunohistochemistry (IHC) staining for receptor activator of nuclear factor kappa-B ligand (RANKL) and matrix
metalloproteinase (MMP) 7 for primary cutaneous apocrine carcinoma (PCAC) and apocrine adenoma was scored on a semiquantitative scale. 
B: Quantification of the numbers of CD163+ cells and CD206+ cells in PCAC and apocrine adenoma is shown. Three representative high-power
fields of each section were selected from areas of the dermis associated with a dense dermal lymphoid infiltrate. The number of immunoreactive
cells was counted using an ocular grid of 1 cm2 at a magnification of ×400. Significantly different at **p<0.01.



osteopontin signaling in melanoma is involved in macrophage
recruitment into tumor by the secretion of MMP9 by TAMs,
leading to angiogenesis and tumor growth (27). Concerning
RANKL-related MMPs, the expression of both MMP1 and
MMP25 correlated to the risk and prognosis of various cancer
types (28, 29) and was found to be a biomarker of various
kinds of cancer (30). As reviewed by Foley and Kuliopulos,
MMP1/collagenase-1 degrades type I, type II, and type III
collagen to promote tumor invasion (31). Although the exact
roles of MMP25 are still unknown, since MMP25 degrades
collagens type I to IV, gelatin, fibronectin and fibrin, it might
play roles in proteolytic function at the tumor cell surface in
the lesional skin of apocrine carcinomas (29, 32). 

In this report, we first investigated the expression of RANKL
and MMP7 on apocrine carcinoma and benign apocrine
adenoma. In contrast to the expression of RANKL, the
expression of MMP7 was only detected in PCAC. In addition,

TAMs were observed only in PCAC but not in benign apocrine
adenoma. Since RANKL stimulates CD163+ monocyte-derived
M2 macrophages to increase the mRNA expression of MMP1,
MMP25, and CCL5 in vitro, we examined this expression in
PCAC. A substantial number of MMP1-bearing cells, MMP25-
bearing cells, and CCL5-producing cells were detected in the
lesional skin of PCAC. In accordance with previous reports, our
present study suggests the feasibility of denosumab as an
adjuvant therapy for cancer of apocrine origin by targeting
TAMs (33). Although PCAC is rare tumor and the number of
PCACs was limited in our present report, a previous report
described the significance of MMPs in the regulation of breast
cancer, highly aggressive apocrine carcinoma, suggesting the
significance of MMP1 and MMP25 in the development of
PCAC (34). To confirm our hypothesis, further analysis of the
mechanisms underlying this phenomenon would offer
fundamental insights into the mechanisms involved.
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Figure 3. Immunohistochemical staining of CD163 and CD206 on primary cutaneous apocrine carcinoma (A, B) and apocrine hidrocystoma (C,
D). Samples were deparaffinized and stained with anti-CD163 (A, C) and anti-CD206 (B, D). The sections were developed with liquid permanent
red. Original magnification: ×200. 
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Figure 4. mRNA expression of cytokines in monocyte-derived M2 macrophages stimulated by soluble receptor activator of nuclear factor kappa-B
ligand (sRANKL): microarray analysis and quantitative real time polymerase chain reaction. Macrophage colony-stimulating factor/interleukin-4
induced macrophages from peripheral blood mononuclear cells of healthy donors were stimulated with sRANKL (100 ng/ml), as previously described
(8, 10). Based on gene ontology analysis, we selected a series of cytokines whose mRNA was up-regulated in sRANKL-treated versus untreated
cells. Averages of data from three independent experiments are shown (A). The data were deposited in the NCBI Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE72292). Quantitative real-time polymerase chain reaction for validation of the DNA
microarray results was conducted to determine the number of copies of cDNA for each MMP. The mRNA expression levels relative to those of
untreated cells were calculated for each gene and time point after normalization against Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
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 (B). 
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