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Summary

Mast cell (MC) is an important player in the development of skin diseases, including atopic dermatitis, psoriasis, and urticaria.
It is reported that MC infiltration and activation are observed around various types of tumors and speculated that MCs play
key roles in their pathogenesis. As MCs in human seborrheic keratosis (SK) have not been well investigated, here we focused
on the MCs in SK. The number of c-Kit and tryptase-positive MCs was significantly increased around the SK compared with
the marginal lesion. Degranulated MCs were also increased around the tumors. Furthermore, MC growth factor, stem cell
factor (SCF), expression within the SK was significantly upregulated compared with the marginal lesion. Interestingly, one of the
cognitive regulators of SCF expression, cannabinoid receptor type | (CBl) immunoreactivity was downregulated within the SK.
Our results suggest that MCs play important roles in the pathogenesis of SK and that SCF can be also deeply involved in the
development of SKs. Our current results highlight the CBI-SCF-MC interaction as a novel mechanism of SK development

and this also will be utilized for developing a novel treatment.
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Introduction

Skin is the largest organ in our body and often causes
various kinds of dermatoses including skin tumors.
Even if the vast majority of skin tumors are benign,’
some of them (e.g., malignant melanoma and squa-
mous cell carcinoma) are malignant and need to be
treated because those may metastasize and be life-
threatening. Management of benign skin tumors is
usually for cosmetic reasons, and many patients
undergo excision.! Although tumor excision is one of
the most effective treatments, surgery by itself might
cause aesthetic problems, including color change, or
hypertrophic or atrophic scars. Therefore, new options
for treatment except surgery have been expected.
Thus, it is important to investigate the pathogenetic
mechanism in the development of these tumors.
Seborrheic keratosis (SK) is a benign skin tumor
that arises from the skin epidermis. Although the
detailed mechanism of the development of SK has not

been fully investigated, UV irradiation, aging, and
somatic mutations in FGFR3 and in a few other genes
expressed in human keratinocytes may be involved.?3
Saeed recently reported that the number of mast cells
(MCs) is significantly increased around SK in a mouse
model compared with control mice and suggested that
MCs could play a role in SK development.*

MCs play important roles not only in the immune sys-
tem, including host defense,® but also in wound healing,®
fibrosis,” angiogenesis,® and hair growth.® In addition,
MCs are closely related to various types of cutaneous
neoplasms, including basal cell carcinoma, squamous
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Table |. Summary of the Characteristics of Each Patient.

Age Tumor Diameter Histological
No. (Years) Sex Location (mm) Type MC Number? SCF CBI
I 69 Female Thigh 20x15 Hyperkeratotic NS ) \
2 80 Female Chest 6x9 Acanthotic 0 0 \2
3 77 Female Lower leg 5x5 Acanthotic 0 NS \’
4 51 Male Abdomen 4x3 Acanthotic 0 0 \’
5 60 Female Lower back 15x15 Acanthotic ) 0 \
6 68 Female Lower leg 8x5 Hyperkeratotic ) T \
7 73 Male Back 8x10 Acanthotic ) T \
8 66 Female Back 9x8 Acanthotic ) T \
9 70 Male Face 9%x9 Acanthotic T NS \

Abbreviations: MC, mast cell; SCF, stem cell factor; CBI, cannabinoid receptor typel; NS, not significant.
*MC number counted by toluidine blue histochemistry and tryptase immunohistochemistry.

cell carcinoma, intradermal nevus, malignant melanoma,
hemangioma, Kaposi’'s sarcoma, angiosarcoma,
dermatofibroma, atypical fibroxanthoma, dermatofibro-
sarcoma protuberans, and Merkel cell carcinoma.*-"4

MCs secrete various types of chemical mediators,
growth factors, and cytokines,®'>® and these media-
tors may be involved in the development of cutaneous
neoplasms. The effects of MC mediators on the develop-
ment of cutaneous neoplasms are likely to be mediated
through multiple pathways, including immunosuppres-
sion, enhanced angiogenesis, disruption of the extra-
cellular matrix, and promotion of tumor cell mitosis.
Surgical dissection is still selected as a first-line ther-
apy, but chemotherapy, radiation, or biologics could be
added depending on the stage and type of tumor.
However, these treatments have several side effects,
including rash, pancytopenia, and allergic reactions,
and more effective and easily manageable therapies
are needed. Considering that MCs are deeply involved
in the development of these tumors, MC-related com-
pounds could be potential new candidates. Therefore,
it is important to determine the mechanism by which
MCs play a role in the pathology of these neoplasms.

We have previously shown that cannabinoid recep-
tor type 1 (CB1) signaling regulates excessive MC
degranulation and maturation via interactions on MCs,
as well as inducing stem cell factor (SCF) production
by cells within the epithelium.’ Controlling CB1 sig-
naling could be a new option for inhibiting excessive
MC activity."” Although MCs have been suggested
to play important roles in the development of skin
tumors, ' the role of MCs in human SK has not been
reported.

Interestingly, SK is regarded as asymptomatic, but
patients with SK often have itching in clinical practice.®
Histamines are also secreted from MCs in response to
various types of stimulants, including IgE-FceRI cross-
linking,'® and induce itching via histamine receptors.?°

This may also suggest the involvement of MCs in SK
pathology. Here, we focused on MC biology (number,
degranulation) and investigated MCs around SK.

Materials and Methods

Samples were obtained from nine SK patients (average
age, 68.2 years; range, 51-80 years; three males and six
females; Table 1) who visited Osaka City University
Hospital (Department of Dermatology). Human tissue
collection and handling was performed according to the
guidelines of the Declaration of Helsinki with approval
from the institutional research ethics committee (Osaka
City University), and written informed consent was
obtained from all patients. The samples were fixed in
buffered formalin and embedded in paraffin. Sections
(4 um) were cut from the paraffin blocks. For toluidine blue
histochemistry, deparaffinized sections were stained with
1% toluidine blue (pH 8.9; Merck, Darmstadt, Germany)
for 3 min at room temperature (RT).?!

Reagents

Antibodies, including mouse anti-tryptase antibody,
rabbit anti-SCF antibody, rabbit anti-nerve growth fac-
tor (NGF) antibody, rabbit anti-chymase antibody, and
rabbit anti-Ki-67 antibody were purchased from Abcam
(Cambridge, UK). Rabbit anti-CB1 antibody was pur-
chased from Cayman Chemical (Ann Arbor, MI) and
rabbit anti-c-Kit (CD117) antibody from Cell Marque
(Rocklin, CA).

Immunohistochemistry and Immunofluorescence
Microscopy
The sections from each skin sample were used for

tryptase, chymase, c-Kit, SCF, CB1, and NGF immuno-
histochemistry and tryptase/terminal deoxynucleotidyl
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transferase—mediated dUTP nick-end labeling (TUNEL)
or tryptase/Ki-67 double immunofluorescence. All
deparaffinized sections underwent antigen retrieval
using an autoclave at 121C for 15 min. After preincuba-
tion with 0.5% Triton-X in phosphate-buffered saline
(PBS) containing 6% bovine serum albumin at RT for
30 min, sections were incubated overnight at 4C with
primary antibodies diluted in PBS: mouse anti-human
tryptase (Abcam) at 1:500, rabbit anti-human c-Kit
(CD117; Cell Marque) at 1:200, goat anti-human chy-
mase at 1:500, rabbit anti-human SCF (Abcam) at
1:50, rabbit anti-human NGF (Abcam) at 1:50, and rab-
bit anti-CB1 (Cayman Chemical) at 1:50.

Next, the sections were incubated with goat biotinyl-
ated antibodies against rabbit or mouse 1gG (Jackson
ImmunoResearch Laboratories; West Grove, PA) at
1:200 for 45 min at RT. The sections were then treated
with alkaline phosphatase—based avidin—biotin com-
plex (Vectastain Elite ABC kit; Vector Laboratories,
Burlingame, CA), and the expression of these antigens
was visualized with Fast Red (Sigma-Aldrich; St. Louis,
MO) or Vector Black (Vector). For tryptase and Ki-67
double immunofluorescence, after antigen retrieval, the
sections were incubated overnight at 4C with primary
antibodies diluted in PBS: rabbit anti-human tryptase
(Abcam) at 1:500 and rabbit anti-human Ki-67 antigen
(Abcam) at 1:20. This was followed by incubation with
goat anti-rabbit 1IgG Alexa Fluor 594 (Thermo Fisher
Scientific, Waltham, MA) for tryptase and Alexa 488
(Thermo Fisher Scientific) for Ki-67 diluted 1:200 in
PBS for 45 min at RT. For tryptase and TUNEL double
immunofluorescence, after immunostaining for trypt-
ase, the sections were immersed in 1x terminal deoxy-
nucleotidyl transferase (TdT) labeling buffer from the
TACS 2 TdT-Flour In Situ Apoptosis Detection Kit
(Trevigen; Gaithersburg, MD) for 5 min. Next, the sam-
ples were incubated with labeling reaction mix in the
presence of TdT (60 min at 37C). After incubation with
stop buffer (5 min at RT) and an additional wash with
PBS, TUNEL-positive cells were visualized by Step-
Fluorescein (20 min at RT). Nuclear labeling was per-
formed using 4’,6-diamidino-2-phenylindole (DAPI)
(Thermo Fisher Scientific).

The expression of SCF, NGF, and CB1 within the epi-
dermis of the tumor and marginal lesion was quantified
by assessing immunoreactivity in defined reference
areas and by quantitative immunohistomorphometry
using ImagedJ software (National Institutes of Health;
Bethesda, MD).

For toluidine blue histochemistry and tryptase, c-Kit,
and chymase immunohistochemistry, MCs were counted
in the upper dermis of both SK and the marginal lesion.
We defined the “marginal lesion” as margin part of the

samples showing no obvious epidermis changes, includ-
ing hyperkeratosis, papillomatosis, and acanthosis which
are characteristic pathological features of SK.

The results were expressed as the average number
of positive cells per 1 mm?2.

MCs were classified as “degranulated” when five or
more extracellularly located tryptase+ granules were
detected by light microscopy (visual field) around a cell
at high magnification (200x—400x).1%22:23

Statistical Analysis

Data were analyzed by the Mann-Whitney U-test for
unpaired samples using GraphPad Prism 8.0 (GraphPad
Software; San Diego, CA). p<0.05 was considered sig-
nificant. All data were expressed as mean + SEM (stan-
dard error of the mean).

Results

The Number of MCs Increased Around the
Tumor

A significantly increased number of MCs has been
demonstrated around SK in a mouse model of SK.#
We asked whether this could be also observed in
human SKs. In fact, we found a significantly greater
number of MCs around SK than the marginal lesion by
toluidine blue histochemistry (Fig. 1 and Supplemental
Fig. 1). To evaluate the number of MCs more specifi-
cally, we performed immunohistochemical staining for
detecting different types of MCs in their differentiation
stages,!” namely tryptase-, c-Kit-, and chymase-posi-
tive MCs. The number of both c-Kit and tryptase-posi-
tive MCs was significantly increased around the tumor
compared with its marginal lesion (Fig. 2A and B, and
Supplemental Figs. 2 and 3). The number of chymase-
positive MCs was also increased, but the difference
was not significant (Fig. 2C and Supplemental Fig. 4).

MC Degranulation Increased Around
the Tumor

Although the number of MCs has been reported to
increase around SK in a mouse model of SK,* MC
degranulation around SK has not been well investi-
gated. Therefore, we next evaluated the percentage of
degranulated MCs around the SK compared with its
marginal lesion using tryptase immunohistochemistry.
As a result, although MC degranulation seemed to be
increased around SK, no significant differences were
found between the SK and marginal lesion (Fig. 3 and
Supplemental Fig. 5).
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MC Proliferation and Apoptosis

As the number of MCs significantly increased around
the tumor (Figs. 1 and 2), we next investigated the
proliferation and apoptosis of MCs using tryptase/Ki-67
and tryptase/TUNEL double immunofluorescence. The
number of tryptase and Ki-67 double-positive MCs sig-
nificantly increased around the SK compared with its
marginal lesion. In contrast, the number of tryptase and
TUNEL double-positive MCs was not affected (Fig. 4).
This suggests that the proliferation of MCs is stimu-
lated around the tumor; therefore, the number of MCs
increased (Fig. 1).

SCF Expression Is Upregulated in SK

The number of MCs in different stages of their differen-
tiation (i.e., c-Kit, tryptase, and chymase) was increased
(Figs. 1 and 2). In addition, MC proliferation was also
stimulated around SK (Fig. 4). We next asked whether
the MC growth factor was affected in SK. As SCF is one

Figure |. Toluidine blue histochemistry. The mean number of
MCs (yellow arrows) significantly increased around SK compared
with its marginal lesion. Error bars indicate SEM, n=9. *p<0.05,
*#p<0.01, **p<0.001. Scale bar = 50 pm. Abbreviations: MCs,
mast cells; SK, seborrheic keratosis; SEM, standard error of the
mean.

of the key growth factors for MCs,* we investigated the
expression of SCF within SK using immunohistochem-
istry. SCF immunoreactivity was significantly increased
within SK compared with its marginal lesion (Fig. 5 and
Supplemental Fig. 6). We also investigated the expres-
sion of NGF, another MC growth factor,'® but found
no significant differences in NGF immunoreactivity
between the SK and its marginal lesion (Supplemental
Fig. 7).

CBI Expression Is Downregulated in SK

Our results indicate that MC proliferation and differen-
tiation are stimulated around SK, probably due to the
upregulation of SCF. This suggests that SCF and MCs
play important roles in the development of SK. We
have previously reported that CB1 signaling regulates
excessive MC degranulation and differentiation in a
human hair follicle (HF) organ culture system. The
inhibitory effect of CB1 signaling on MCs is associ-
ated at least in part via controlling the expression of
SCF with the epithelium of HF.'” Next, we investigated
whether CB1 is involved in the pathomechanism of SK
by performing CB1 immunohistochemistry. As a result,
CB1 immunoreactivity was significantly downregulated
within the SK compared with its marginal lesion (Fig. 6
and Supplemental Fig. 8).

Discussion

We showed that the number of MCs is significantly
increased around SK compared with its marginal
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Figure 2. (A) Mean number of tryptase-positive MCs (yellow arrows). (B). Mean number of c-Kit-positive MCs (yellow arrows). Both
significantly increased around SK compared with its marginal lesion. (C). The mean number of chymase-positive MCs (yellow arrows)
had a tendency to increase around SK compared with its marginal lesion. Error bars indicate SEM, n=9. *p<0.05, **p<0.01, ***p<0.001.
Scale bar = 50 pm. Abbreviations: MCs, Mast cell; SK, seborrheic keratosis; SEM, standard error of the mean.

lesion, the proliferation of MCs is significantly stimu- lesion, and CB1 expression is downregulated in the
lated around the SK, SCF expression in the epidermis epidermis in SK. MCs play pivotal roles in the devel-
is upregulated in SK compared with its marginal opment of various types of diseases. For example,
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Figure 3. Tryptase immunohistochemistry. The mean proportion of degranulated MCs (yellow arrow) had a tendency to increase
around SK compared with its marginal lesion. Error bars indicate SEM, n=9. ns, not significant. Scale bar = 50 pm. Abbreviations: MCs,
mast cells; SK, seborrheic keratosis; SEM, standard error of the mean.

MCs are crucial cells not only in allergic responses,
atopic dermatitis, allergic rhinitis, and bronchial
asthma but also in other non-allergic diseases,
including psoriasis,?® wound healing,” ulcerative coli-
tis,?® and alopecia areata.?® Furthermore, MCs are
involved in the pathogenesis of different kinds of neo-
plasms.’'* MCs promote the angiogenesis of neo-
plasms by secreting vascular growth factors, including
vascular endothelial growth factor (VEGF)." MCs
also contribute to remodeling the surrounding stroma
around the tumor via matrix metalloproteinase (MMP)
secretion.?” However, to the best of our knowledge,
the role of MCs in the pathogenesis of SK has not

been reported. Our results of a significant increase in
the number of MCs around SK compared with its mar-
ginal lesion support the involvement of MCs in the
pathogenesis of SK. We also observed that MC
degranulation seemed to be activated around the SK;
however, there was no significant difference (Fig. 3). In
this study, we evaluated MC degranulation around the
SK by comparing with that of marginal lesion. However,
some skin samples had only smaller marginal area.
MC degranulation may be significantly increased if we
could obtain additional skin samples of SK with
enough volume of marginal area and further evaluate
MC degranulation.
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Figure 4. Mean proportion of double-positive cells as determined by Ki-67 or TUNEL and tryptase double immunofluorescence.
(A). The proportion of tryptase and Ki-67 double-positive cells increased around the tumor compared with its marginal lesion. (B).
No significant difference was found in the proportion of tryptase and TUNEL double-positive cells around the tumor compared with
the marginal lesion. Data are presented as mean + SEM, n=9. ¥p<0.05, *p<0.01, **p<0.001; ns, not significant. Abbreviations: TUNEL,
terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling; SK, seborrheic keratosis; SEM, standard error of the mean.

MCs are crucial cells for inducing itch by releasing
several itch mediators including histamines during
degranulation.?® As some SK patients have itch
around the SK,28 it would be interesting to perform fur-
ther additional study about the relationship between
SK patients with/without itch and MC degranulation
around the SK. The finding of significantly increased
number of MCs (Figs. 1 and 2) is in line with Saeed
and Salmo’s* observation obtained from skin samples
of an ultraviolet B (UVB)-irradiated SK mouse model.
However, the mechanism underlying activated MCs
around SK has not been investigated. Here, we
focused on key MC growth factors, SCF and NGF."
Although we found no significant difference in NGF
expression between SK and the surrounding epider-
mis, we found a significant increase in SCF expres-
sion within SK (Fig. 5). SCF mediates MC proliferation,
differentiation, migration, and survival via c-Kit
receptor.?® The number of different types of MCs
depends on their stage of differentiation, with c-Kit,
tryptase, and chymase'” increased around SK (Fig.
2). Therefore, SCF can also be regarded to play an
important role in SK pathogenesis. However, the
mechanism by which SCF is induced is not well
understood.

Endocannabinoids are increasingly recognized as
important neuroendocrine regulators for maintaining
the homeostasis of various organs, including skin.
Endocannabinoids interact with specific cannabinoid
receptors,®' including CB1 and CB2.%2 |t is reported
that CB1 is expressed in human keratinocyte.3334

These receptors, their endogenous ligands, and
enzymes responsible for endocannabinoid synthesis
and degradation comprise the endocannabinoid sys-
tem.®2 MCs are also controlled via specific cannabi-
noid receptors.3' We previously reported that MCs in
human skin express CB1, and that blockade of this
receptor by a selective CB1 antagonist, AM251, or
CB1 gene knockdown stimulates MC maturation and
degranulation in an HF organ culture system. CB1
blockade also significantly increased SCF expression
in the epithelium of HFs.!” This suggests that endo-
cannabinoid—CB1 signaling regulates excessive MC
degranulation and maturation by controlling SCF
expression in human skin. Therefore, we investigated
whether CB1 expression also affects SK.

The significant downregulation of CB1 immunore-
activity in the SK compared with its marginal lesion
(Fig. 6) indicates that SCF upregulation can be related
to the downregulation of CB1. We still need to investi-
gate the detailed mechanism by which CB1 expres-
sion is downregulated in SK; our results (Table 1)
suggest that CB1 regulates MC activity around the SK
directly and/or via inhibiting SCF expression. The reg-
ulator of CB1 in keratinocyte has not been well investi-
gated. Further study for investigating the regulators of
CB1 is needed.

Importantly, our results may encourage one to inves-
tigate the biology of MCs in other types of cutaneous
tumors. For example, actinic keratosis (AK) is another
type of skin tumor which resembles SK.3® As SK
model in mice is related to UVB irradiation,* UV is
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also reported to be deeply involved in the pathogenesis
of AK.3® Furthermore, some patients with AK have
itch,2® suggesting involvement of MCs in the
pathomechanism not only of SK but also of AK. In addi-
tion, MCs are reported to promote the angiogenesis of
neoplasms by secreting vascular growth factors™ and
the remodeling of the surrounding stroma via MMP
secretion?’; further study for evaluating VEGF and
MMP expression around the SK is also interesting.

Figure 6. Mean CBI| immunoreactivity in the epidermis was
significantly downregulated in the tumor compared with its mar-
ginal lesion. Error bars indicate SEM, n=9. *p<0.05, **p<0.0l,
#%p<0.001, ****p<0.0001. Scale bar = 50 pm. Abbreviations:
CBI, cannabinoid receptor typel; SK, seborrheic keratosis; SEM,
standard error of the mean.

Although the opposing role for MCs has also reported
the development and progression of cutaneous malig-
nancies,” MCs have a vast array of mediators, some of
which have inhibitory effects on malignancies.” In
addition, several studies have shown a tumor cytotoxic
role for MCs in cutaneous malignancies.™ As Bertolini
et al.?® reported the existence of both proinflamma-
tory and immunoinhibitory phenotypes involved in the
pathomechanism of alopecia areata, it is possible
that tumor-activating and tumor-inhibitory MCs play
roles in the development of SK. Although we still do not
know about the detailed MC phenotypes in the devel-
opment of tumors, CB1-SCF signaling may have
opposing impacts on proliferation/apoptosis/matura-
tion depending on the MC phenotypes, that is, tumor-
activating or tumor-inhibitory.

The current results suggest that controlling MCs
may be important for inhibiting SK development. The
MC—-SCF-CB1 pathway could be a new target for
elucidating the pathogenesis of SK and developing
optional treatments beyond tumor dissection.
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