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1. ZE 5T Abstract

Background

Since extramammary Paget’s disease (EMPD) is a skin adenocarcinoma of apocrine gland
origin, the biological behavior of EMPD is similar to that of breast cancer. Invasive EMPD
frequently metastasizes to lymph nodes, liver, lung and even brain. Therefore, an
appropriate marker to distinguish in situ from dermal invasive EMPD in the early stage is
needed. Since dermal LL-37 expression is augmented by stimulation with IL-17, and since
Paget’s cells produce CCL-20 to recruit Th17 in the lesional skin of EMPD, in this report,

we hypothesized that LL-37 in the dermis is augmented in invasive EMPD.

Methods

We first employed immunohistochemical (IHC) staining of LL-37 in 15 cases of invasive
and 11 cases non-invasive EMPD to evaluate the expression levels of LL-37 by digital
microscope. Next, to evaluate the immunomodulatory effects of LL-37 on tumor-
associated macrophages (TAMs) distributed in the dermis of the lesional skin of EMPD,
we stimulated monocyte-derived M2 macrophages by LL-37 and measured the production
of immunosuppressive chemokines using ELISA in vitro. Then, we further evaluated the

serum level of these chemokine of EMPD patients.

Results
Quantitative analysis of IHC staining revealed that LL-37-expressing myeloid cells in
dermis were significantly more in invasive EMPD than in non-invasive EMPD. Moreover,

CD163+M2 macrophages produced CCL-19 and CCL-21 by LL-37 stimulation in vitro,



suggesting that these chemokines might be produced by CD163+TAMs to recruit CCR-
7+regulatory T cells in the lesional skin of invasive EMPD. Indeed, immunofluorescence
staining (IF) and IHC staining showed that substantial numbers of CD163+TAMs
expressed CCL-19 and CCL-21 in the lesional skin of invasive EMPD. In addition, IHC
staining revealed that CCR-7 positive cells (including regulatory T cells) were located
within lymphatic vessels in the lesional skin of invasive EMPD. Furthermore, the serum
levels of CCL-19 and CCL-21 were significantly increased in invasive EMPD patients

compared to non-invasive EMPD patients.

Conclusion

The present study shows that TAMs around lymphatic vessels or small blood vessels
produce LL-37 that stimulate the production of CCL-19 and CCL-21. These chemokines
recruit CCR-7 +Tregs, which may play a role in the development of immunosuppressive
microenvironment of invasive EMPD. These results suggest the potential of IL-17

blockade therapy to restore the immunosuppressive environment.



2. BEEE—E& List of abbreviations

® EMPD: extramammary Paget’s disease

® CCL: chemokine (c-c motif) ligand

® CD: cluster of differentiation

® |L: interleukin

® MMP: matrix metalloproteinase

® RANK: receptor of activator nuclear factor kappa B

® RANKL: receptor of activator nuclear factor kappa B ligand
® RT-PCR: reverse transcription-polymerase chain reaction
® ELISA: enzyme-linked immunosorbent assay

® |F: immunofluorescence

® |HC: immunohistochemistry

® TAMs: tumor-associated macrophages

® TILs: tumor infiltrating lymphocytes

® PBMC: peripheral blood mononuclear cell

® M-CSF: macrophage colony-stimulating factor

® MDSCs: myeloid derived suppressor cells

® SCC: squamous cell carcinoma

® cSCC: cutaneous squamous cell carcinoma



3. HWFEDE X Research background

3.1. Extramammary Paget’s disease
Extramammary Paget’s disease (EMPD) is a rare malignant adenocarcinoma of apocrine
gland origin that develops in scrotum, vulva, axilla, and penis [1]. Probably because the
mammary gland that is an origin of breast cancer is an apocrine type of gland [2], the
biological behavior of EMPD is similar to that of breast cancer, once it become invasive
[3]. EMPD has a male predominance in Japan and Canada, and usually occurs in the sixth
to eighth decades of life [4, 5]. The scrotum is the most common location in males,
whereas the vulva is the most common in females [5]. Lesions clinically present as
erythematous, well-demarcated plaques with or without erosion. Similar to breast cancer,
invasive EMPD highly metastasizes to bone and draining lymph node [6]. In addition,
since the treatment for metastatic EMPD is limited[ 7], appropriate markers to distinguish
EMPD from invasive EMPD in the early stage is needed. Although there are several
markers for the diagnosis of EMPD [3, 8-11], the useful marker for the detection of micro-

invasion of Paget’s cells in the dermis is lacking (Fig. 1).

3.2. LL-37 and IL-17 in psoriasis
Antimicrobial peptides and their precursor molecules form a central part of human and
mammalian innate immunity, and play a critical role in mammalian innate immune
defense against invasive bacterial infection [12]. LL-37 is a 37-residue, amphipathic,
helical peptide found throughout the body that possesses a broad spectrum
of antimicrobial activity [13, 14]. LL-37 binds to surface scavenger receptors expressed

on various cells [e.g. myeloid dendritic cells (DCs), plasmacytoid DCs, macrophages to



recognize extracellular self-DNA [15-17]. CD163 that is a specific surface marker for
macrophages is one of those scavenger receptors [18-20]. Psoriasis is one of the most
common autoimmune-mediated skin diseases that manifests desquamative erythematous
plaques. LL-37 is reported one of the auto-antigens that is significantly increased its
expression on dendritic cells or keratinocytes in active psoriasis and responsible for the
development of psoriasis [21, 22].Since the expression of LL-37 on myeloid cells in
dermis is controlled by pro-inflammatory cytokines such as IL-17 and TNF-a [21], and
since TNF-o/ IL-23/ IL-17 axis plays crucial roles in development of psoriasis, LL-37 is

reported as one of the most important factors for the triggering of psoriasis [23].

3.3. The role of IL-17 in development of tumor
The significance of IL-17 in the development of various skin cancers has been reported
recently [24-29] . For example, Wu et al. reported that IL-17 signaling in keratinocytes
drives IL-17-dependent sustained activation of the TRAF4-ERKS axis, leading to
keratinocyte proliferation and tumor formation in cutaneous squamous cell carcinoma
(cSCC) [24]. In another report, IL-17 and IL-22 increased the proliferation and migration
of CAL27 squamous cell carcinoma (SCC) cell lines, suggesting the contribution of IL-
17 to the progression of SCC [27]. Gasparoto ef al. reported the significant co-relation of
IL-17 expression in the precancerous microenvironment and the development of mouse
cSCC [28]. Furthermore, we have reported that the lack of AhR signaling on keratinocytes
in a 7,12-dimethylbenz[a]anthracene (DMBA)--induced SCC model significantly reduce
the Th17-induced signaling, which resulted in the suppression of cSCC development [29].

The significance of IL-17 is reported not only in ¢SCC, but also in other types of skin



cancers. IL-17 produced by Th17 is positively associated with tumor angiogenesis such
as vascular endothelial growth factor (VEGF) and matrix metalloproteinases (MMPs) in
melanoma [30]. Another report suggested that IL-17 enhances melanoma growth by the
secretion of IL-6 from cancer stromal cells, which activates oncogenic STAT3 in
melanoma cells [31]. More recently, we also reported the possible contribution of CCL-
20/ 1L-23/ IL-17 axis to the development of extramammary Paget’s disease (EMPD) [26]

(Fig.2). These reports suggested the significance of IL-17 in the carcinogenesis of cancers.

3.4. Immunological microenvironment of EMPD
Recently, anti-PD1 Abs-based immunotherapy for unresectable melanoma and non-
melanoma skin cancer including EMPD has rapidly developed [32, 33]. As we described
above, invasive EMPD highly metastasizes to bone and draining lymph nodes [3], but the
treatment of metastatic EMPD is limited [7]. To apply immunotherapy for EMPD
appropriately, the investigation of tumor microenvironment of EMPD is mandatory. From
the above reasons, we have investigated the tumor microenvironment of EMPD,
especially focusing on tumor-associated macrophages (TAMs) [8, 26, 34, 35]. We have
demonstrated the following: 1) the number of CD163+TAMs was significantly higher in
invasive EMPD than non-invasive EMPD [34]. 2) RANKL is expressed by Paget’s cells
in the lesional skin of EMPD and released to the tumor microenvironment in the presence
of MMP-7[8]. Since RANKL can stimulates CD163 'macrophages to produce several
unique cytokines including Treg-related chemokines (CCL-17) [26, 34], TAMs play
crucial roles in maintaining the immunosuppressive tumor microenvironment of EMPD.

3) CCL-20 was expressed in the lesional skin of EMPD [25]. CCL-20 is a ligand for C-C



chemokine receptor, CCR-6, expressed on Th17. CCL-20 is produced by various cells

including epidermal keratinocytes and tumor cells, leading to the recruitment of Th17 cells.



4. HF%ED BRI Research purpose

The purpose of this study is to investigate the possible mechanisms for the
development of the tumor immunosuppressive microenvironment in invasive EMPD
by comparing the expression of LL-37 and several chemokines by TAMS among

normal skin, the lesional skin of non-invasive EMPD and that of invasive EMPD.



5. BFZEH5HE Methods

5.1. Reagents
The following antibodies (Abs) were used for immunohistochemical and
immunofluorescent staining: mouse monoclonal Abs against human LL-37 (Santa Cruz,
San Diego, CA), human CCL-19 (LifeSpan BioScience, Seattle, WA), human Foxp3
(Abcam, Tokyo, Japan), and human CCL-21 (LifeSpan BioScience), rabbit polyclonal
Abs against human CCR-7 (LifeSpan BioScience) and human CD163 (Enzo Life Science,

Tokyo, Japan). We summarized the antibodies in Table 2.

5.2. Immunohistochemical staining, and immunofluorescence staining
Archived formalin-fixed paraffin-embedded skin specimens and cryosections from EMPD
patients treated in the Department of Dermatology at Tohoku University Graduate School
of Medicine, Sendai, Japan, were collected. All patients gave their informed consent. The
study was approved by the Ethics Committee of Tohoku University Graduate School of
Medicine (2017-1-1045, 2017-1-425) and conducted according to the Declaration of
Helsinki guidelines. The 10 non-invasive EMPD samples and 10 invasive EMPD samples
were processed for single staining or double staining of Foxp3 and CCR-7. Briefly,
formalin-fixed paraffin-embedded tissue samples were sectioned at 4 pum and
deparaffinized. Antibody binding was demonstrated via alkaline phosphatase-conjugated
anti-mouse Ig (Histofine SAB-AP(R) kit; Nichirei, Tokyo, Japan) for anti-Foxp-3 Ab or
immunoglobulin from an unimmunized rabbit, and via peroxidase-conjugated anti-rabbit
Ig (Histofine SAB-PO(M) kits; Nichirei) for the anti-CCR-7 Abs, or their isotype controls.

Anti-Foxp3 Ab was developed with 3-Amino-9-ethylcarbazole (Wako Pure Chemical
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Industries, Osaka, Japan), whereas the other mouse antibodies were visualized with 3, 3°-

diaminobenzidine tetrahydrochloride (Wako Pure Chemical Industries).

5.3. Quantitative analysis of immunohistochemical staining
To quantify the immunohistochemical staining of each sample, positive cells were counted
using a BZ-X800 (KEYENCE, Tokyo, Japan). The percentage of IHC-positive cells per

all tumour-infiltrating cells was counted automatically [36].

5.4. Culture of M2 macrophages from human peripheral blood monocytes
CDI14"monocytes were isolated from peripheral blood mononuclear cells from healthy
donors using MACS beads (CD14 microbeads, Miltenyi Biotec Inc., Sunnyvale, CA)
according to the manufacturer’s protocol. CD14"monocytes (2 x 10°/ml) were cultured in
complete medium containing 100 ng/ml of recombinant human M-CSF for 5 days, as
previously reported (Fig. 3) [34]. On the fifth day, monocyte-derived macrophages were
treated with or without LL-37 (20 ng/ml) for 48 hours and the culture supernatant was
harvested. The study was approved by the Ethics Committee of Tohoku University
Graduate School of Medicine (2019-1-925) and conducted according to Declaration of

Helsinki guidelines.

5.5. RNA extraction, RNA quality assessment, and reverse transcription and
guantitative real-time PCR
Preserved formalin-fixed paraffin-embedded skin specimens and frozen sections were

prepared from lesion tissues obtained from EMPD patients treated at the Department of

11



Dermatology, Tohoku University Hospital (Table 1). Informed consent was obtained
from all patients. Immunohistochemical staining and immunofluorescence staining of
frozen sections were performed. For frozen sections, each sample was frozen in optimal
cutting temperature embedding medium, 6 um sections were fixed with cold acetone for
30 minutes and blocked with IF buffer (PBS, 5% bovine serum albumin). Each section
was then incubated with the relevant antibody. Slides were mounted on DAPI
Fluoromount-G (Southern Biotech, Birmingham, AL) and photographed using a Zeiss

LSM 700 microscope (Zeiss Japan, Tokyo, Japan) equipped with a SPOT digital camera.

5.6. Enzyme-linked immunosorbent assays (ELISAS)
The concentration of chemokine in the culture supernatant from M2 macrophages treated
with various stimuli or serum levels of 15 cases of invasive EMPD (TNM staging: T1,
T2) and 11 cases of non-invasive EMPD (TNM staging: Tis) (Table 1) patients were
determined in using ELISAs for human CCL19/MIP-3 beta, human CCL-20 /MIP-3 alpha,
human CCL-21/6Ckine, and human CCL22/MDC (Table 3) according to the
manufacturer’s protocols. The study was approved by the Ethics Committee of Tohoku
University Graduate School of Medicine (2019-1-306) and conducted according to

Declaration of Helsinki guidelines.

5.7. Statistical analysis

For single comparisons between two groups, the Wilcoxon signed-rank test was used. The

level of significance was set at p<0.05.
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6. WFFCAE R Results

6.1. Invasive extramammary Paget’s disease increased LL-37 expression in
dermal lesions
Since our group has already demonstrated that the lesional skin of EMPD is rich in CCL-
20, IL-23, and IL-17 [26], we hypothesized that LL-37 may be expressed in the lesional
skin of EMPD as seen in psoriasis which is well known to express both IL-17 and IL-
23[37]. Since there is no significant expression of LL-37 in non-lesional skin (data not
shown), we compared LL-37 expression between non-invasive EMPD and invasive
EMPD. Immunohistochemistry staining of 15 cases of invasive EMPD (TNM staging: T1,
T2) and 11 cases of non-invasive EMPD (TNM staging: Tis) were performed (Table 1).
The numbers of LL-37+cells were significantly higher in the dermis of invasive EMPD
(Fig.4) than in that of non-invasive EMPD (Fig. 4). The ratio of LL-37+cells to all
infiltrating cells was significantly increased from 1.0% to 4.4% (p<0.01) (Fig. 4). Since
LL-37 is controlled by IL-17 [21], we additionally evaluated the IL-17 expressing cells in
invasive and non-invasive EMPD. The ratio of IL-17+cells to all infiltrating cells was
significantly increased from 6.4% to 9.3% (p<0.05) (Fig. 5). Moreover, IHC staining of
the serial sections revealed that the main population of LL-37-expressing cells was

CD163+TAMs (Fig. 6).
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6.2. LL-37 increased the production of CCL-19 and CCL-21 from monocyte-
derived M2 macrophages in vitro.
We have already reported substantial numbers of CD163+TAMs were detected in the
lesional skin of EMPD [8, 38]. In this study, we found CD163+TAMs expressed LL-37
(Fig. 6). LL-37 is known to induce a pro-inflammatory immunological microenvironment
similar in psoriasis [39]. Since recent reports suggested the correlation between CCL-19
and/or CCL-21 with immunosuppressive microenvironment of skin cancer such as
melanoma [40, 41], we next hypothesized that LL-37 might lead to the production of pro-
inflammatory cytokines CCL-19, CCL-20 and CCL-21, as well as immunosuppressive
chemokine CCL-22, from CD163"M2 macrophages. To test this, the production of
chemokines from CD163"M2 macrophages was evaluated using M2 macrophages
generated from peripheral blood mononuclear cells (PBMCs) of healthy donors (Fig. 3)
[26, 34]. The production of CCL-19, CCL-20 and CCL-21 was significantly increased,

whereas there was no increase of CCL-22 by LL-37 stimulation (Fig. 7).
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6.3. CCL-19-producing cells, CCL-21-producing cells, and CCR-7-expressing
cells in the lesional skin of EMPD.
LL-37 stimulation of CD163+M2 macrophages induced CCL-19, CCL-20 and CCL-21
production. In contrast to these in vitro findings, we found that CCL-20 was preferentially
expressed in the epidermis of EMPD by IHC [26]. Thus, we examined the expression of
CCL-19 and CCL-21 in EMPD tissues. There were substantial numbers of cells
expressing CCL-19 (Fig. 8a) and CCL-21 (Fig. 8a) around not only small vessels, but also
within lymphatic vessels in the dermis of invasive EMPD. Additionally, double
immunofluorescence staining for CD163 and CCL-19, or CD163 and CCL-21 revealed

that CD163"TAMs expressed CCL-19 (Fig. 8b) and CCL-21 (Fig. 8b).

Since CCL-19 and CCL-21 are known to recruit CCR-7+cells, immunohistochemical
staining for CCR-7 in the lesional skin of EMPD was performed. CCR-7+cells were
detected in the lesional skin of EMPD even within lymphatic vessels (Fig. 9). As we
previously reported, since the number of Foxp3+Tregs in invasive EMPD is significantly
lower than that in non-invasive EMPD [42], we hypothesized that these CCR-7+cells
contained Foxp3+Tregs. We employed immunohistochemical staining for Foxp3 (Fig. 9a)
in the serial sections of the CCR-7 staining samples, which indicated that Foxp3-+cells
were also detected within lymphatic vessels. Furthermore, we performed double staining
for CCR-7 and Foxp3 (Fig. 9b). CCR-7+positive cells detected within lymphatic vessels

were Foxp3+Tregs (Fig.9c, 9d).
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6.4. Serum levels of CCL-19 and CCL-21 were higher in patients with invasive
EMPD than in those with non-invasive EMPD.
To further confirm the increased production of CCL-19 and CCL-21 in invasive EMPD,
we examined the serum level of CCL-19 and CCL-21 of invasive and non-invasive EMPD
patients. The results demonstrated that the serum levels of CCL-19 and CCL-21 were
significantly higher in invasive EMPD than in non-invasive EMPD patients (Fig. 10). The

clinical data of non-invasive and invasive EMPD patients are summarized in Table 1.
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7. #Z%% Discussion

The Immunopathological analysis of EMPD has been progressing in recent years. Indeed,
several reports focused on the immunological background of EMPD, especially on tumor-
infiltrating lymphocytes (TILs) [43-46] and their regulators, such as TAMs [8, 26, 34] and

CDl1a+CD207+Langerhans cells [35].

The IL-23/IL-17A pathway plays a critical role in the development of psoriasis [47, 48]

and is a target for the treatment of psoriasis [47].

LL-37 is an autoantigen in psoriasis derived from keratinocytes that could trigger the
initial activation of myeloid cells, as well as IL-17-producing cells, Th1 and Th22 cells
[22]. Notably, LL-37 expression is reduced by IL-17 blockade, suggesting that IL.-17 can
augment the expression of LL-37 in the lesional skin of psoriasis [21]. In addition,
previous reports revealed high serum levels of CCL-19 and CCL-21 in psoriasis patients
[49, 50]. Like psoriasis, we have demonstrated that the IL-23/IL-17A pathway was
activated in the lesional skin of EMPD, in which Paget’s cells produce CCL-20 as well as

IL-23 leading to the accumulation of Th17 cells [26].

As a previous report suggested, LL-37 can stimulate myeloid cells including macrophages
[16]. TAMs are found in various skin cancers, including EMPD, where they maintain the
immunosuppressive microenvironment together with other immune cells (e.g. Tregs, Th2
cells, Th17 cells, myeloid-derived suppressor cells (MDSCs)) [38]. The main population

of TAMs in EMPD is CD163+M2 macrophages, which surround venules and/or arterioles
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and lymphatic vessels in the superficial dermis [34, 42]. The present study revealed
increased expression of LL-37 in dermal macrophages when Paget’s cells infiltrated into
the dermis. In addition, it also demonstrated in vitro that LL-37 stimulated the production
of CCL-19 and CCL-21 by CD163+M2 macrophages. These results suggested the lesional
skin of invasive EMPD recruited CCR-7+cells [51, 52]. Indeed, CCR-7+Foxp3+Tregs
were found around and within lymphatic vessels. These Tregs may contribute to the
immunosuppressive microenvironment of invasive EMPD in addition maintaining

RANKL expression by Paget’s cells as shown in mammary tumors [53].

In a series of our studies, we could demonstrate the activation of the IL-23/IL-17A
pathway. It is well known that the pro-inflammatory cytokine IL-17 family has been
associated with poor prognosis in breast cancer. Interestingly, both EMPD and breast
cancer are characterized with frequent bone metastasis. IL-17 might be a culprit for bone
metastasis by its stimulatory activity for osteoclastogenesis by upregulating RANKL on

osteoclast-supporting mesenchymal cells [54].

Our studies had several limitation. We could not determine the source of IL-17 in the
lesional skin of invasive EMPD. Since IL-17 is produced by neutrophils, innate-lymphoid
cell 3, and gamma-delta T cells other than Th17 cells [55-57], further investigation is

necessary to identify the source of IL-17.

Next, we have not directly demonstrated that IL-17 stimulates LL-37 production by

macrophages. In the lesional skin of psoriasis or hidradenitis suppurativa, however, it has
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been demonstrated that the expression level of LL-37 positively correlates with 1L-17

expression and is significantly decreased by IL-17 blockade [21, 22, 58, 59].

Finally, we have not clearly demonstrated the mechanism by which increased production
of CCL-19 or CCL-21 induces the migration of CCR-7+Tregs into lymph vessels. In
allergic contact dermatitis, it is well known that CCL-19 or CCL-21 promotes the
migration of CCR-7+dendritic cells to regional lymph nodes [60]. In that scenario, the
surface-immobilized form of the chemokine CCL-21 and the heparan sulfate-anchoring
ligand of the CCR-7, cause random movement of DCs because it triggers integrin-
mediated adhesion. Upon direct contact with CCL-21, DCs truncate the anchoring
residues of CCL-21, thereby releasing it from the solid phase. Soluble CCL-19 and CCL-
21, which lacks anchoring residues, form soluble gradients. Adhesive random migration
and directional steering cooperate to produce dynamic movement into secondary

lymphoid organs [61]. The similar mechanism may occur in invasive EMPD.

In summary, the present study suggests that TAMs around lymphatic vessels or small
vessels produce CCL-19 and CCL-21 by LL-37 stimulation leading to the recruitment of
CCR-7+Tregs that might promote lymph node metastases or remote metastases of Paget’s
cells in invasive EMPD. The LL-37 expression might be augmented by IL-17 produced
by Th17, which is recruited by CCL-20 derived from Paget’s cells. (Fig.11). Anti-IL-17
antibodies, such as ixelizumab and secukinumab, are currently used clinically for the
treatment of psoriasis, and they decrease the expression of LL-37 in the lesional skin of

psoriasis [21]. The present study suggests the possible therapeutic effects of anti-I1L-17
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antibodies for the prevention of lymph node metastases or remote metastases of invasive

EMPD.
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8. #&#m Conclusion

The present study shows that TAMs around lymphatic vessels or small blood vessels
produce LL-37 that stimulate the production of CCL-19 and CCL-21. These chemokines
recruit CCR-7 +Tregs, which may play a role in the development of immunosuppressive
microenvironment of invasive EMPD. These results suggest the potential of IL-17

blockade therapy to restore the immunosuppressive environment.
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12. X% & X Figure legends

12.1. Fig. 1. Clinical and histological features of EMPD.
Clinical picture of extramammary Paget’s disease (a). Histological findings of invasive
extramammary Paget’s disease from skin: rounded cells that were devoid of intracellular

bridges and large nucleus (b). Scale bars, 200 pm.
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12.2. Fig.2. Th17-related signals in the tumor microenvironment of EMPD.
The CCL-20/ IL-23/ IL-17 axis and RANKL /MMP-7/ CCL-17 axis in the development

of extramammary Paget’s disease.
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12.3. Fig. 3 The induction of M2 macrophages from PBMC.

CD14 +monocytes were isolated from peripheral blood mononuclear cells of healthy
donors using MACS magnetic beads (CD14 microbeads, Miltenyi Biotec Inc.,
Sunnyvale, California), and cultured in complete medium containing 100ng/ml of
recombinant human M-CSF for 5 days. Then, monocyte-derived macrophages were
treated with or without 20ng/ml LL-37 for 48 hours and the culture supernatant was

collected. The culture supernatants was measured by ELISA.
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12.4. Fig. 4. LL-37 expression cells increased in the dermal lesions of
invasive EMPD.
Sections of invasive EMPD and non-invasive EMPD lesions were deparaftinized and
stained using anti-LL-37 (a, ¢) and the number of LL-37-positive cells per all tumor-
infiltrating cells in different sections of invasive EMPD and non-invasive EMPD were
automatically counted by BZ-X800. Representative specimens from analyses of 10 cases
of EMPD are shown (b, d). The ratio of LL-37 positive cells to all tumor-infiltrating
lymphocytes was significantly increased in invasive EMPD (e).Scale bars, 100 um (a, b),

50um (c, d).
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12.5. Fig. 5. IL-17 expression in invasive EMPD and non-invasive EMPD
Sections of invasive EMPD and non-invasive EMPD lesions were deparaffinized and
stained using anti-IL-17, the numbers of IL-17 expression cells expression cells were
automatically counted by BZ-X800. The ratio of IL-17 positive cells to all tumor-

infiltrating lymphocytes was significantly increased, from 6.4% to 9.3% (P <0.05).

Asterisks: * p<0.05 by Wilcoxon signed-rank test; Scale bars, 200 pm.
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12.6. Fig.6 The main population of LL-37 expressing cells CD163+TAMs.

The serial sections of EMPD were deparaffinized and stained using anti-CD163 (a) and
anti-LL-37 (b). IHC staining analysis of the serial sections in EMPD shows that CD163
positive expressing cells and LL-37 expressing cells were in the same location, and the

main population of LL-37 expressing cells was CD163+TAMs. Scale bars: 100 um (a, b).
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12.7. Fig.7 LL-37 increased the production of CCL-19, CCL-20 and CCL-

21 from monocyte-derived M2 macrophages.

Culture supernatant from M2 macrophages was harvested as described in materials and
methods, and measured by ELISA. Data from each donor were obtained from triplicate
assays, and mean + SD values were calculated. Representative data from at least three
independent experiments are shown. *p <0.05, Mann-Whitney U-test; n = 5; n.s., not

significant.
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12.8. Fig.8 CD163+TAMs produce CCL-19 and CCL-21 in the lesional

skin of EMPD

Representative Immunohistochemistry staining results of anti-CCL-19 and anti-CCL-21
expression in EMPD. Paraffin-embedded tissue samples from patients with EMPD were
deparaffinized and stained using a combination of the anti-CCL-19 Ab or an anti-CCL-21
Ab, and developed with liquid permanent red (a). Immunofluorescence staining of
invasive EMPD for CD163 (green), CCL-19 or CCL-21 (red), and DAPI (blue, nuclei). A
merged image is also shown, with green and red combining into yellow (b). Scale bars:

100 pm (a), 50 pm (b).
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12.9. Fig.9 Immunohistochemical analysis of CCR-7 and Foxp3
expressions in lesional skin of EMPD
Sections of invasive EMPD lesions were deparaffinized and stained using anti-CCR-7 or
anti-Foxp3 (a). Paraffin-embedded tissue samples from patients with invasive EMPD
were deparaffinized and stained using a combination of the anti-Foxp3 Ab or an anti-CCR-
7 Ab, and developed with liquid permanent red (a). Double IHC staining of Foxp3 and
CCR-7 in the lesional skin of EMPD (b). Sections were developed with 3-Amino-9-
ethylcarbazole for Foxp3 (red) and with 3, 3’-diaminobenzidine tetrahydrochloride for

CCR-7 (brown). Scale bars, 100 um (a-c), 50 pm (d).
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12.10. Fig.10 Serum levels of CCL-19 and CCL-21 in EMPD patients

Serum levels of CCL-19 (a) and CCL-21 (b) from 11 non-invasive EMPD patients and 15
invasive EMPD patients were examined by ELISA in Asterisks: ** p<0.01, * p<0.05 by

Wilcoxon signed-rank test; z.s.: not significant.
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12.11. Fig.11 Summary scheme
CCL-20 and IL-23 induces and recruits Th-17 cells to overproduce IL-17 in the
microenvironment of lesional skin of EMPD. Since LL-37 is controlled by IL-17, LL-37
producing CD163+M2 TAMs accumulated in the lesional skin of invasive EMPD, thereby
producing CCL-19 and CCL-21 to recruit CCR-7+Foxp3+Treg from the lymphatic
vessels. The accumulation of CCR-7+Foxp3+Treg in invasive EMPD inhibits the immune
cells transported from the lymphatic vessels, thereby promoting the lymphatic metastasis

ability of Paget cells.
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13. Table

13.1. Table.1. Clinical information on EMPD patients
NO. Age | Sex TNM Staging Location
Non-invasive External genitalia,
Case 1 61-70 F TisNoMO stage 0
EMPD Mons pubis
Case 2 51-60 F TisNoMO stage 0 External genitalia
Case 3 71-80 F TisNoMO stage 0 External genitalia
Case 4 81-90 F TisNoMO stage O External genitalia
Case 5 61-70 | M TisNoMO stage 0 Scrotum, penis
Case 6 61-70 | M TisNoMO stage O Scrotum, penis
Case 7 81-90 | M TisNoMO stage 0 Scrotum, penis
Case 8 61-70 | M TisNoMO stage O Peri anal
Scrotum, penis,
Case 9 71-80 | M TisNoMO stage 0
inguinal
Case 10 71-80 | M TisNoMO stage 0 External genitalia
Case 11 51-60 M TisNoMO stage 0 Scrotum
Invasive- Case 12 71-80 F TINOMO stage | External genitalia
EMPD Case 13 71-80 | M T1INOMO stage | Mons pubis
Case 14 81-90 F T1NOMO stage | External genitalia
Case 15 81-90 M T1INOMO stage | Penis
Case 16 41-50 F T1NOMO stage | External genitalia
Case 17 81-90 F TINOMO stage | External genitalia

53




Case 18 61-70 M T1INOMO stage | Scrotum, penis
Invasive- Case 19 51-60 F TINOMO stage | External genitalia
EMPD Case 20 71-80 M T2NOMO Stage 11 Scrotum
Case 21 61-70 | M T2NOMO Stage 11 Scrotum, penis
Case 22 81-90 | M T2NOMO Stage 11 Penis
Case 23 61-70 | M T2NOMO Stage 11 Scrotum
Case 24 71-80 F | T2N2MO Stage I11B External genitalia
Case 25 61-70 | M | T2N2MO Stage 111B Scrotum, penis
Case 26 51-60 F T2NOMO Stage 11 Mons pubis
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13.2. Table 2: Antibodies used for immunohistochemistry

REAGENT or RESOURCE RESOURCE IDENTIFIER
Antibodies
IHCPlus™ Monoclonal Mouse anti-Human CCL-

LSBio LS-B8194
19 / MIP3-Beta Antibody (IHC, WB)
Polyclonal Rabbit anti-Human CCL-21/SLC

LSBio LS-C168451
Antibody (aa23-52, IHC, WB)
Anti-CCR-7 Antibody LSBio LS-C210538
LL-37 Antibody (D-5) SANTACRUZ  sc-166770
FOXP3 Antibody (2A11G9) SANTA CRUZ sc-53876
Goat Anti-Mouse 1gG H&L (Alkaline

Abcam ab6790
Phosphatase)
Human CCL-22/MDC Antibody R&D systems MAB336
Liquid Mouse Monoclonal Antibody CD163 Novocastra™ NCL-L-CD163
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13.3. Table 3: Solid Phase Sandwich ELISA Types

REAGENT or RESOURCE

RESOURCE

IDENTIFIER

Human CCL-19/MIP-3 beta DuoSet ELISA

R&D Systems

DY361

Human CCL-20 /MIP-3 alpha DuoSet ELISA

Human CCL-21/6Ckine DuoSet ELISA

Human CCL-22/MDC DuoSet ELISA
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R&D Systems

R&D Systems

R&D Systems

DY360

DY366

DY336



