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SummaryActivated cancer-associated fibroblasts (CAFs) and fibroblasts that have undergone the epithelial-
mesenchymal transition (EMT) in cancer stroma contribute to tumor progression and metastasis. However,
no reports have investigated the CAF phenotype and its clinicopathological relevance in cutaneous malig-
nant tumors, including basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and malignant mela-
noma (MM). Here, we investigated the CAF phenotype in cutaneous malignant tumors based on their
histology and immunohistochemical expression of CAF-related markers, including adipocyte enhancer–
binding protein 1 (AEBP1), podoplanin, platelet-derived growth factor receptor α (PDGFRα), PDGFRβ,
fibroblast activating protein (FAP), CD10, S100A4, α-smooth muscle actin (α-SMA), and EMT-related
markers (Zeb1, Slug, and Twist). In addition, we assessed the role of the CAF phenotype in cutaneous ma-
lignant cancers using hierarchical cluster analysis. Consequently, 3 subgroups were stratified based on the
expression pattern of CAF- and EMT-related markers. Subgroup 1 was characterized by low expression
of AEBP1, PDGFRα, PDGFRβ, FAP and Slug, whereas subgroup 2 was closely associated with high ex-
pression of PDGFRβ, S100A4 and Twist. In addition, high expression levels of podoplanin, PDGFRβ,
CD10, S100A4, α-SMA, Zeb1, Slug and Twist were observed in subgroup 3. High expression of CD10
was commonly found in all 3 subgroups. These subgroups were correlated with histologic subtypes, that
is, subgroup 1, MM; subgroup 2, BCC; and subgroup 3, SCC. We suggest that the expression pattern of
CAF- and EMT-related proteins plays crucial roles in the progression of BCC, SCC, and MM.
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1. Introduction

Basal cell carcinoma (BCC), squamous cell carcinoma
(SCC), and malignant melanoma (MM) are the most frequent
cutaneousmalignant tumors, the incidence of which has been in-
creasing [1]. The 3 malignant tumors share common properties
in that the skin is habitually exposed to sunlight and there may
be chronic ultraviolet-induced damage in cutaneous malignant
tumors possibly followed by development of cutaneous BCC,
SCC, and MM [2]. However, it is well accepted that the path-
ogeneses of the 3 cutaneous malignant tumors are different.

A previous study has shown that cutaneous SCC is primar-
ily caused by multiple genetic mutations that enhance dysreg-
ulation of the cell cycle that is evoked by TP53 mutation [3].
BCC is also associated with genetic mutations that induce
the proliferative activity of basal cells and is caused by uncon-
trolled activation of the hedgehog signal pathway. However,
this disease is known to follow an innocent course that is dif-
ferent from the other 2 diseases (MM and SCC) [4]. Cutaneous
melanoma cells display molecular alterations that are charac-
terized by RAS-BRAF-MEK-ERK mitogen activation of the
protein kinase signal pathway, consequently causing uncon-
trolled proliferation of the affected malignant melanocytes
[5]. In addition, MM shows the worst outcome in patient sur-
vival. These findings suggest that the 3 cutaneous tumors
(MM, BCC, and SCC) have different pathogenic courses, al-
though they share common alterations.

Although tumors are composed of both cancer and stromal
cells, studies of oncogenesis have generally focused on the
cancer cells [6,7]. However, recent studies have shown that
stromal cells surrounding the cancer nest play a major role in
the progression and invasion of cancer [6,7]. The stromal cells,
called “carcinoma-associated fibroblasts” (CAFs), promote
oncogenesis and impair drug sensitivity [8,9]. The association
of cancer cells with the surrounding CAFs is only partially un-
derstood. However, it is known that CAFs express various pro-
teins constituting a heterogeneous range of phenotypes
[10,11]. These findings support the idea that specific CAF
Table 1 Clinicopathological findings in BCC, SCC, and MM examine

Histologic class

BCC (n = 110)

Sex (man/woman) 50/60
Age (y), median (range) 75 (42-95)
Tumor size (mm), median (range) 12.2 (1.5-70.0)
Solar elastosis, positive (%) 87 (79.1)
Tumor thickness (mm), median (range) 2.0 (0.1-12.0)
Clark's level (%)
I 0 (0)
II 9 (8.2)
III 18 (16.4)
IV 58 (52.7)
V 25 (22.7)
Lymph node metastasis, positive (%) 0 (0)
phenotypes contribute to tumor progression. In fact, the spe-
cific phenotype of CAFs might influence the later behavior
of cancer cells [12].

Recent data suggest that the metastatic process is not en-
tirely linked to tumor growth, per se, but is controlled by other
factors including the epithelial-mesenchymal transition
(EMT), which allows cancer cells to dedifferentiate and ac-
quire enhanced migratory and invasive properties [13,14].
The down-regulation of E-cadherin during the EMT seems
to be mediated by transcriptional repression due to the binding
of EMT transcription factors such as Zeb1, Slug, and Twist
[15,16]. These EMT-related markers are also expressed in
CAFs and may define their phenotype. We propose that im-
proved understanding of the molecular pathogenesis underly-
ing cutaneous malignant tumors can be achieved by
analyzing EMT-related proteins in both CAFs and tumor cells.
Here, we aimed to identify the role of CAF- and EMT-related
proteins in cutaneous BCC, SCC, and MM. In addition, we
attempted to show that different CAF phenotypes (defined
by the expression pattern of various CAF- and EMT-related
proteins) are present in BCC, SCC, and MM.
2. Materials and methods

2.1. Patients

A total of 237 formalin-fixed, paraffin-embedded tumor tis-
sues were obtained from Iwate Medical University from 2009
to 2016. They included BCC, SCC, and MM. Clinicopatho-
logical findings of patients are summarized in Table 1, includ-
ing sex, median age, median size, presence of solar keratosis,
median tumor thickness, Clark level, and the presence of
lymph node metastasis. All hematoxylin and eosin–stained
slides were reviewed independently by 2 dermatopathologists
(K. I. and T. S.). No patient received preoperative chemother-
apy or radiotherapy.
d

ification (n = 237)

SCC (n = 87) MM (n = 40)

39/48 20/20
81 (44-96) 76.5 (31-91)
25.0 (5.0-140.0) 20.0 (1.5-95.0)
55 (63.2) 13 (32.5)
4.5 (0.5-24.5) 3.6 (0.3-22.0)

0 (0) 0 (0)
6 (6.9) 3 (7.5)
6 (6.9) 9 (22.5)
47 (54.0) 14 (35.0)
28 (32.2) 14 (35.0)
7 (8.0) 13 (32.5)



Table 2 Antibodies we used in the present study

Antibody Company Clone Dilution Activation method

AEBP1 Abcam (Cambridge, UK) Ab54820 1:100 Heat retrieval pH 9, 20 min
Podoplanin Dako (Glostrup, Denmark) D2-40 1:100 Heat retrieval pH 9, 20 min
PDGFRα Abcam (Cambridge, UK) D13C6 1:200 Heat retrieval pH 9, 20 min
PDGFRβ Abcam (Cambridge, UK) Y62 1:100 Heat retrieval pH 9, 20 min
FAP Abcam (Cambridge, UK) Polyclonal 1:100 Heat retrieval pH 6, 20 min
CD10 Dako (Glostrup, Denmark) 56C6 1:100 Heat retrieval pH 9, 20 min
S100A4 Dako (Glostrup, Denmark) Polyclonal 1:400 Heat retrieval pH 6, 20 min
α-SMA Dako (Glostrup, Denmark) 1A4 1:100 Heat retrieval pH 9, 20 min
Slug Cell Signaling (Danvers, Massachusetts, USA) C19G7 1:50 Heat retrieval pH 9, 20 min
TWIST Abcam (Cambridge, UK) Twist2C1a 1:300 Heat retrieval pH 9, 20 min
ZEB1 Sigma-Albrich (St.Louis, Missouri, USA) Polyclonal 1:200 Heat retrieval pH 6, 20 min

Table 3 Immunohistochemical scoring according to immuno-
staining intensity and area

Staining
intensity

Staining area (%)

0 0 b area
≤ 20

20 b area
≤ 50

50 b area
≤ 100

Negative Score 0 Score 0 Score 0 Score 0
Weak Score 0 Score 1 Score 1 Score 2
Moderate Score 0 Score 1 Score 2 Score 3
Strong Score 0 Score 2 Score 3 Score 3
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This study was approved by the Ethical Research Commit-
tee of Iwate Medical University.

2.2. Construction of tissue arrays

The tissues were fixed in 10% formalin and paraffin em-
bedded according to routine procedures. Representative areas
of tumors were assessed by hematoxylin and eosin staining
of slides; a corresponding area was marked on the surface of
the paraffin block. To examine protein expression immunohis-
tochemically, we constructed 24 different tissue arrays con-
taining the distinctive histologic types of the tumors. Each
tissue array was constructed as previously described [17].
Briefly, two 1.5-mm-diameter cylinders of tissue were taken
from representative areas of each archival paraffin block and
arrayed into a new recipient paraffin block with a custom-built
precision instrument (Beecher Instruments, Silver Spring,
MD) according to the previously described method [17]. To
evaluate each primary tumor, the invasive front was selected
for cylinder core sampling. Initial sections were stained for he-
matoxylin and eosin to confirm the histopathological findings.

2.3. Immunohistochemistry

After deparaffinization and rehydration, the sections were
heated in a microwave oven for 2 × 5 minutes in Tris-EDTA
buffer (pH 9.0) and then incubated in a Tris-EDTA buffer
for 20 minutes and washed twice for 5 minutes in phosphate-
buffered saline. Hydrogen peroxide (5%, 5 minutes) was used
to block endogenous peroxidase. Nonspecific binding was
blocked with 1.5% normal serum in phosphate-buffered saline
for 35 minutes at room temperature. The sections were incu-
bated overnight at 4°C with the 11 monoclonal/polyclonal an-
tibodies. The antibodies used in this study are listed in Table 2.
Immunohistochemistry was carried out using the Dako Envi-
sion+ system, with dextran polymers conjugated with horse-
radish peroxidase (Dako (Glostrup, Denmark)), as previously
described [18]. The specimens were heated in citrate buffer
(pH 6.0) 3 times for 5 minutes each using a microwave
(H2500, Microwave Processor; Bio-Rad, Hercules, CA) at
750 W before incubation with antibodies, as previously de-
scribed. Hematoxylin was used as the counterstain.

2.4. Evaluation of CAF- and EMT-related markers

The stromal fibroblastic compartment of each tumor was
examined for its immunopositivity for adipocyte enhancer–
binding protein (AEBP1), podoplanin, platelet-derived growth
factor receptor α (PDGFRα), PDGFRβ, fibroblast activating
protein (FAP), CD10, S100A4, α-smooth muscle actin (α-
SMA), Zeb1, Slug, and Twist. Inflammatory cells, such as his-
tiocytes, were carefully excluded from the analysis. Digital pa-
thology with Aperio ImageScope software (v12.3.2.5030
Leica Biosystems Inc., Buffalo Grove, Illinois, USA)was used
to evaluate immunoexpression of AEBP1, podoplanin,
PDGFRα, PDGFRβ, FAP, CD10, S100A4,α-SMA, Zeb1,
Slug, Twist, and Zeb1. Only nuclear positivity for Zeb1,
Twist, and Slug was considered significant, whereas only cy-
toplasmic expression of AEBP1, podoplanin, PDGFRα,
PDGFRβ, FAP, CD10, S100A4, and α-SMA was regarded
as positive. The immunostaining intensity and the involved
area were examined separately. The immunostaining intensity
for fusiform stromal cells was classified into 4 categories ac-
cording to staining intensity as follows: negative, weak, mod-
erate, and strong. The immunostaining area for fusiform
stromal cells was semiquantified as follows: 0%, 0 to 20%,
20% to 50%, and 50% to 100%. The combination of intensity
and area was scored (Table 3).



Fig. 1 Representative illustration of immunohistochemical intensity and area of α-SMA. Negative (A), weak (B), moderate (C), strong (D), 0
(E), 0 b area ≤20 (F), 20 b area ≤50 (G), 50 b area ≤100 (H). A–H, Original magnification ×20.

4 K. Sasaki et al.
2.5. Hierarchical analysis of the expression of CAF
and EMT markers

Tumor cells were individually scored as 0, 1+, 2+, and 3+
based on their cytoplasm/nuclear staining and intensity. Rep-
resentative images are shown in Figures 1 and 2.

Hierarchical cluster analysis was performed for clustering
of the samples according to the above scoring (0-3+) to
achieve maximal homogeneity for each group and the greatest
differences between the groups using open-access clustering
Fig. 2 Representative illustration of immunohistochemical score of α-SM
weak, and area, 20%). C, Score 2 (intensity, moderate; area, 40%). D, Scor
software (Cluster 3.0 software; bonsai.hgc.jp/~mdehoon/
software/cluster/software.htm). The clustering algorithm was
set to centroid linkage clustering, which is the standard hierar-
chical clustering method used in biological studies.

2.6. Statistical analysis

Data were analyzed using JMP 10.0 software package
(SAS Institute, Inc, Cary, NC). Data obtained for clinicopath-
ological features (sex, macroscopic type, location, histologic
A. A, Score 0 (intensity, negative; area, 0%). B, Score 1 (intensity,
e 3 (intensity, strong; area, 90%). A–D, Original magnification ×20.

http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm
http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm
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type, classification of submucosal invasion, and lymph node
metastasis) and immunohistochemical patterns of CAFs (ie,
AEBP1, podoplanin, PDGFRα, PDGFRβ, FAP, CD10,
S100A4, α-SMA, and EMT-related proteins [ie, Twist,
Zeb1, and Slug]) based on each subgroup were analyzed using
χ2 tests.

For statistical analysis of the expression of AEBP1, podo-
planin, PDGFRα, PDGFRβ, FAP, CD10, S100A4, α-SMA
for CAFs, and Zeb1, Twist, and Slug in SCC, MM, and
BCC and their associations with various clinicopathological
factors, we used χ2 tests, Kruskal-Wallis tests, and Mann-
Whitney U tests with a 2 × 2 table to compare the categorical
data. The level of significance was P b .05, and the confidence
interval was determined at the 95% level. Statistical analyses
were performed with the JMP 10.0 software package (SAS In-
stitute, Inc) for Windows.
3. Results

Not only CAFs (fusiform cells) but also reactive interstitial
cells (including inflammatory cells and histiocytes surround-
ing the invasive cancer cell nests) were observed in the inva-
sive area. CAFs were considered fusiform or spindle shaped.
Thus, we carefully excluded inflammatory cells, including his-
tiocytes, from the examination.

We performed hierarchical clustering based on marker
scores to evaluate differences in the expression patterns of
CAF- and EMT-related markers in patients with SCC, MM,
and BCC. Based on the expression patterns, 3 distinct immu-
nohistologic subgroups emerged (Fig. 3). The vertical line
shows the expression of each marker in fibroblasts, and the
horizontal lines denote “relatedness” between samples.
Fig. 3 Hierarchical cluster analysis of cutaneous cancers, including MM,
the EMT. The cutaneous cancers were classified into 3 subgroups.
3.1. Association of each subgroup with clinicopatho-
logical variables in BCC, SCC, and MM

Some clinicopathological variables were correlated with
the expression pattern of CAF- and EMT-related proteins. Me-
dian tumor size was significantly smaller in tumors in sub-
group 2 than those in subgroups 1 and 3. In
histopathological diagnosis, there was a statistical difference
in the frequency of BCC between subgroup 2 and subgroups
1 and 3. We also observed a significant difference in the fre-
quency of SCC between subgroup 3 and subgroups 1 and 2.
The frequency of MM was significantly higher in subgroup
1 than in subgroups 2 and 3. Overall, each subgroup that we
examined was correlated with each histologic subtype. Next,
although median tumor thickness was statistically lower in
subgroup 2 than in subgroups 1 and 3, no association of any
subgroup with the Clark level was found. Finally, there was
a significant difference in the frequencies of lymph node me-
tastases between subgroups 1 and 2. The association of each
subgroup with its clinicopathological variables is depicted in
Table 4.

3.2. Association of each subgroup with CAF- and EMT-
related proteins in BCC, SCC, and MM

Comparisons of CAF- and EMT-related markers within
subgroups 1, 2, and 3 were performed in those tumors with
scores greater than 2. Each subgroup was defined by specific
expression patterns of CAF- and EMT-related proteins. Sub-
group 1 was characterized by low expression of AEBP1,
PDGFRα, PDGFRβ, FAP, and Slug, whereas subgroup 2
was closely associated with high expression of PDGFRβ,
S100A4, and Twist. In addition, high expression levels of
BCC, and SCC, based on the protein expression patterns of CAF and



Table 4 Clinicopathological variables in subgroups 1, 2, and 3

Subgroup 1 Subgroup 2 Subgroup 3 P

No. cases (%) 55 (23.0) 87 (37.0) 95 (40.0)
Sex (man/woman) 27/28 41/46 41/54 NS
Tumor size (mm), median (range) 20.0 (1.5-50.0) a,b 13.0 (1.5-70.0) a,b 22.5 (6.0-140.0) b P b .0001
Histologic classification (%) P b .0001
BCC 12 (21.8) b 63 (72.4) b 35 (36.8) b

SCC 12 (21.8) b 19 (21.8) b 56 (58.9) b

MM 31 (56.4) b 5 (5.7) b 4 (4.2) b

Solar elastosis (%) P = .0003
Presence 22 (40.0) b, c 64 (73.5) b 61 (64.2) c

Absence 33 (60.0) 23 (26.4) 34 (35.8)
Tumor thickness (mm), median (range) 3.5 (1.0-13.5) b 1.8 (0.3-10.5) b 3.0 (0.2-24.5) b P b .0001
Clark's level (%) NS
II 5 (9.0) 10 (11.5) 3 (3.2)
III 10 (18.2) 16 (18.4) 7 (7.3)
IV 20 (36.4) 44 (50.6) 55 (57.9)
V 20 (36.4) 17 (19.5) 30 (31.6)

Lymph node metastasis, positive (%) 11 (20.0) d 2 (2.29) d 7 (7.29) P = .0010

a P = .0119.
b P b .0001.
c P = .0041.
d P = .0004.
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podoplanin, PDGFRβ, CD10, S100A4, α-SMA, Zeb1, Slug,
and Twist were observed in subgroup 3. High expression of
CD10 was commonly found in subgroups 1, 2, and 3. The as-
sociation of each subgroup with individual markers is shown
in Fig. 4.
4. Discussion

No previous study has reported associations between com-
mon skin tumors (BCC, SCC, and MM) and the expression
Fig. 4 Comparison of CAF- and EMT-related markers for each
subgroup in tumors with scores greater than 2.
patterns of CAF- and EMT-related proteins. The stromal fea-
tures are expected to be different because different clinicopath-
ological findings have been observed among the tumors.
Traditionally, the prediction of tumor behavior has been asso-
ciated with cancer cells per se. It is now apparent that stromal
cells surrounding the cancer nest play a crucial role in the
tumor's progression and metastasis [12]. Recent studies have
identified many aspects of tumor-stroma interactions [19].
Surprisingly, interstitial cells can be beneficial to the cancer
cells [12,19]. In the present study, we focused on CAFs sur-
rounding invasive cancer nests in BCC, SCC, and MM.

To identify the role of expressed CAF-related proteins, we
used 8 markers that are closely associatedwith CAFs (AEBP1,
podoplanin, PDGFRα, PDGFRβ, FAP, CD10, S100A4, and
α-SMA). AEBP1 was reported to be a unique protein that
functions as an important regulator of adipose tissue homeo-
stasis [20,21]. Nonetheless, we suggest that AEBP1 is also a
new CAF marker, given that it was expressed in CAFs. Podo-
planin is expressed in the lymphatic endothelium. However,
podoplanin is also a representative CAF-related marker
[22,23]. Although PDGF signaling in tumor cells is activated
by point mutations, amplification [24,25], and translocations,
the mechanism that induces PDGFRα and PDGFRβ in CAFs
remains unknown. The desmoplastic response that is fre-
quently observed at the invasive front seems to be mediated
by PDGFRα and PDGFRβ signaling in CAFs [24,25]. It is
thought that PDGFRα and PDGFRβ are reliable markers for
CAFs [24,25]. Recent study has shown that stromal Gremlin
1 (GREM1) expression is linked to CAFs where its expression
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is strongly correlated with that of CD10 at the invasion front of
BCC [26]. CD10 is also a good marker for CAFs [27].
S100A4, a commonly used marker for CAFs, was elevated
in the CAFs [28]. In previous studies, expression of S100A4
by CAFs was found to predict patient prognosis in some types
of cancers [29,30]. FAP is a protein that is characteristically
expressed by CAFs and is found in 90% of internal epithelial
cancers and cutaneous epithelial malignancies [31]. α-SMA
is a representative marker that defines CAFs in invasive cancer
areas and is commonly observed in most types of cancer [26].
Accordingly, we believe that these 8 CAF-related markers are
suitable for assessment of CAF in cutaneous malignant
tumors.

It has been suggested that although down-regulation of E-
cadherin at the invasive cancer front is induced by the aberrant
expression of several transcriptional repressors including
Zeb1, Slug, and Twist [13,15], their inhibitory roles and clini-
cal importance are not yet well established in cutaneous can-
cers. These EMT-related proteins could also be expressed by
CAFs. Thus, we included 3 CAF markers (Zeb1, Slug, and
Twist) in the present study.

Activated CAFs and the EMT are now believed to promote
tumor progression and to reduce patient survival [6-8]. In the
present study, we categorized 3 types of cutaneous malignant
tumors (MM and BCC, SCC) into 3 subgroups stratified by
their expression pattern of CAF-related proteins and EMT-re-
lated proteins (the CAF phenotype). Tumors in subgroup 1
were characterized by low expression of AEBP1, PDGFRα,
PDGFRβ, FAP, and Slug. In contrast, tumors in subgroup 3
were defined by up-regulation of podoplanin, PDGFRβ,
CD10, S100A4, α-SMA, Zeb1, Slug, and Twist. Tumors in
subgroup 2 were characterized by high expression of
PDGFRβ, CD10, S100A4, and Twist. Finally, up-regulation
of CD10 was a common finding in BCC, SCC, and MM we
examined. Overall, tumors in subgroup 1 were characterized
by low activity of CAF- and EMT-related proteins, whereas
tumors in subgroups 2 and 3 were closely associated with high
activity of CAF- and EMT-related proteins. These findings
show that CAFs include heterogeneous populations of cells
as reflected by their different phenotypes, suggesting the plas-
ticity of CAFs. Taken together, the microenvironment at the
tumor invasive front shows several specific expression pat-
terns of CAF- and EMT-related proteins in cutaneous malig-
nant tumors, including BCC, SCC, and MM.

In previous studies, the cancer cells were found to have dif-
ferent alterations and undergo different pathologic courses [3-
5]. If so, one might predict that the CAFs and the EMTs might
also vary in their different histologic subtypes. In the present
study, a specific histologic type was indeed correlated with
each subgroup that was stratified by cluster analysis. Thus, dif-
ferent CAF phenotypes were characteristic of BCC, SCC, and
MM. This is the first report to show that the CAF phenotype
plays an important role in the association between protein ex-
pression level and tumor type.

It is well accepted that lymph node metastasis of cancer in-
fluences patient outcome in cutaneous malignant tumors,
including BCC, SCC, and MM [32-34]. Although the fre-
quency of lymph node metastasis is known to be low in cuta-
neous BCC [33], it is high in cutaneous MM and SCC [32,34].
In the present study, the frequency of lymph node metastasis
was significantly higher in tumors in subgroup 1 than in tu-
mors in subgroups 2 and 3. This finding suggests that the ex-
pression patterns of CAF- and EMT-related markers play
some role in the progression of MM. At this point, the under-
lying significance of the association between MM and the
markers of subgroup 1 is not clear. However, the expression
pattern of CAF- and EMT-related markers may be useful in
the prediction of lymph node metastasis.

There are some limitations in the present study. First, we
were unable to demonstrate an association of the 3 subgroups
with patient prognosis. However, it is well known that the fre-
quency of lymph node metastasis is very low in cutaneous
BCC compared with MM [33]. Therefore, it is very difficult
to determine whether the expression pattern of CAF- and
EMT-related markers is useful for the prediction of patient
prognosis in cutaneous malignant tumors. To clarify the utility
of the biomarkers, a much larger study will be needed. Next, it
is possible that the selection criteria used for CAF- and EMT-
related markers were not optimal. However, we believe that
those markers are indeed suitable for examining the role of
CAF- and EMT-related proteins in cutaneous malignant
tumors.

In conclusion, 3 distinct subgroups were defined by a com-
bined analysis of CAF- and EMT-related proteins in BCC,
SCC, and MM. Our results suggest that these tumors possess
distinct and specific expression patterns of CAF- and EMT-re-
lated proteins. That is, subgroup 1 is best represented by MM,
subgroup 2 is primarily constituted by BCC, and subgroup 3 is
predominately SCC. Furthermore, we suggest that there may
be different CAF phenotypes for each histologic type, such
as BCC, SCC, and MM. Finally, the role of the different
CAF phenotypes in each cutaneous cancer remains unclear.
However, we suggest that the expression pattern of CAF-
and EMT-related proteins (CAF phenotype) plays a crucial
role in the formation of the tumor microenvironment and its
contribution to tumor invasiveness and metastasis.
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