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Immunohistochemical detection of the chondroitin sulfate
proteoglycan 4 protein in primary and metastatic melanoma
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Abstract. Treatment of malignant melanoma, the most aggres-
sive form of skin cancer, continues to be a major challenge for
clinicians. New targeted therapies with kinase inhibitors or
drugs which modify the immune response are often accom-
panied by the development of resistance or severe side effects.
In this context, chondroitin sulfate proteoglycan 4 (CSPG4),
a highly immunogenic melanoma tumor antigen, could be a
potential target for alternative therapeutic approaches. The
aim of the present study was to identify differences in the
levels of CSPG4 protein expression in primary and meta-
static melanomas as well as to analyze correlations between
CSPG4 expression and histopathological data and patient
characteristics. A total of 189 melanoma tissue samples from
Lower Austria, including primary melanomas and melanoma
metastases, were immunohistochemically stained for the
expression of CSPG4 and statistical analyses were performed.
A total of 65.6% of melanoma tissue samples stained positive
for the expression of CSPG4. Primary nodular and primary
superficial spreading melanomas demonstrated a significantly
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higher number of positively stained tissue samples for
CSPG4 compared with primary lentigo maligna melanomas.
No significant differences in the expression of CSPG4 were
demonstrated between primary melanomas and melanoma
metastases. The present study supports the advancement of the
understanding of CSPG4 tissue expression patterns in mela-
noma patients and provides additional information for further
investigation of CSPG4 as a potential therapeutic target.

Introduction

Malignant melanoma continues to be a major challenge for clini-
cians with 324,635 newly diagnosed cases and 57,043 deaths
worldwide in 2020 (1). According to the GLOBOCAN 2020
database, Austria has a moderate incidence of 13.5 cases per
100,000 person years (1). The data might however be under-
estimated as private pathology laboratories are not required
to report the data to the national registry (2). Superficial
spreading melanomas (SSM) represent the most common
histopathological subtype in Central Europe, including
Austria, followed by not otherwise specified (NOS) malignant
melanomas and nodular melanomas (NM) (3). The majority
of cutaneous melanomas confirmed using histopathology in
Austria are classified as Tis or T1 (2). Melanomas in a more
advanced stage, such as regional (III), distant (IV) or with
a Breslow thickness >4 mm (pT4), were reported to present
gender-related differences and to be more common in men
than in women in Austria (2,4).

It previously been reported that ~50% of metastatic
melanomas harbor a BRAF V600 activating mutation (5).
Therefore, current therapeutic strategies include the combi-
nation of specific BRAF and MEK inhibitors (6-8). The
use of the immune-checkpoint inhibitor ipilimumab, an
anti-cytotoxic T-lymphocyte-associated protein 4 antibody,
and the programmed cell death protein 1 inhibitors nivolumab
and pembrolizumab demonstrate progress in the treatment of
malignant melanoma (9-13). Despite the remarkable advances
in targeted therapies and immunotherapy during the last
decade, ~50% of patients with metastatic melanoma do not
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survive >5 years after diagnosis (13,14). Therefore, there is an
urgent need for additional therapeutic targets to enable better
management of melanoma patients.

In the search for new treatment approaches in melanoma
therapy the chondroitin sulfate proteoglycan 4 (CSPG4) has
been reported to be an important molecule involved in the
oncogenic potential of melanoma (15). CSPG4, also termed
human high molecular weight-melanoma associated antigen
or melanoma-associated chondroitin sulfate proteoglycan, was
reported as a glycoprotein-proteoglycan complex on human
melanoma cells nearly 40 years ago (16). It is composed of
a large extracellular domain, a transmembrane region and a
short cytoplasmic tail (17). CSPG4 does not possess any cata-
Iytic function on its own but it associates with receptors that
contain an intrinsic receptor tyrosine kinase activity (15). The
mitogen-activated protein kinase/extracellular signal-regulated
kinase (ERK) and the integrin-regulated focal adhesion kinase
signaling pathway were proposed as the two major signaling
pathways associated with CSPG4 activity (18). The enhanced
downstream signaling of these pathways can promote tumor
progression via cellular functions such as adhesion, migration,
proliferation and survival (18). It has been reported that the
cytoplasmic domain of CSPG4 contains a phospho-acceptor
site at Thr-2314, which is phosphorylated by ERK1/2, which
results in the stimulation of cell proliferation (19). Moreover,
the expression of full length CSPG4 has been reported to be
necessary for the maximal ERK1/2 activation in melanoma
cells possessing a BRAF V600E mutation (20). Inhibition
of CSPG4 with short interfering RNA has been reported to
lead to a reduction in constitutive ERK1/2 activation (20).
Consequently, inhibition of ERK1/2 with specific MEK
inhibitors reduces CSPG4-dependent growth and the motility
of BRAF-mutant cells (20).

Originally, expression of CSPG4 was only associated with
malignant melanomas (21). In recent years the proteoglycan
has also been reported to be present in numerous other cancer
entities, including triple-negative breast cancer, glioma,
squamous carcinoma of the head and neck (22), certain
types of leukemia (23), pancreatic tumors (24), soft-tissue
sarcomas (25), anaplastic thyroid cancer (26), osteosar-
comas (27,28) and ovarian cancer (29).

CSPG4 expression in malignant melanoma has been
reported to vary among the different histopathological
subtypes (30-32). An early study by Kageshita et al (30)
reported that CSPG4 expression in acral lentiginous mela-
noma (ALM) was significantly higher in metastatic lesions
compared with primary lesions. This was observed both in
terms of the number of tissue samples positively stained for
CSPG4 and the percentage of stained melanoma cells within
each lesion (30). Furthermore, Kageshita et al (30) reported that
CSPG4 expression was more prevalent in primary NM lesions
compared with primary ALM lesions and that the percentage
of positively stained cells within each lesion was significantly
higher in this subtype. Notably, CSPG4 expression in primary
ALM lesions has been reported to be negatively associated
with survival (30,33). In NM, the expression of CSPG4 was
reported to be consistently high in both primary and meta-
static lesions, with >90% of tissue samples demonstrating
positive staining in each group (30). Similarly, in SSM, CSPG4
was expressed in the majority of stained cases (31). However,

in mucosal melanoma, the frequency of CSPG4 expression
was reported to be lower in primary lesions compared with
metastatic lesions (32). A high expression of CSPG4 was
demonstrated in <95% of uveal melanoma samples (34).

Certain approaches which make use of CSPG4 as a
potential therapeutic target in the treatment of melanoma
have already been reported, including monoclonal anti-
bodies (35-40), mimotope vaccines (41,42), anti-idiotypic
monoclonal antibodies (43-45), fusion proteins (46-48), CAR-T
cells (27,49-54), bispecific T-cell engagers (55), antibody-drug
conjugate (56) or targeted radioimmunotherapy (57-59). Those
strategies rely on different mechanisms of action, as reviewed
previously (60). Among these approaches, CAR-T cells
targeting CSPG4 hold particular promise due to their ability to
specifically recognize and eliminate CSPG4-expressing tumor
cells, which makes them a highly attractive therapeutic option
for further investigation in a clinical setting.

A more detailed analysis of CSPG4 expression in
melanoma samples, including primary tumors as well as
metastases, could support new approaches for melanoma
therapy. Therefore, the present study assessed CSPG4 protein
expression in melanoma tissue samples, both primary tumors
and metastases, to evaluate the histopathological data as well
as detailed patient characteristics.

Materials and methods

Patients and tissue samples. A total of 189 melanoma tissue
samples were obtained from 159 Caucasian patients, who
had been histologically diagnosed with primary melanoma
(n=104) or a melanoma metastasis (n=85) at the Department
of Pathology at the University Hospital Krems (Krems an
der Donau, Austria) or at the Department of Pathology at the
University Hospital St. Poelten (St. Poelten, Austria) between
January 2010 and August 2018. Residual tissue samples were
used for the present study. Clinicopathological data recorded
with the samples included sex, age at diagnosis, histopatho-
logical subtype of primary melanomas (nodular, superficial
spreading, lentigo maligna, acral lentiginous, mucosal or
NOS), site of melanoma metastases (cutaneous, subcutaneous,
lymph node, lung or other visceral metastases) and BRAF
mutation status (wild type, VOOOE or V600K).

For primary melanoma tissue samples, the tumor thick-
ness in mm (according to Breslow), the ulceration status and
T classification were also evaluated (61). For routine histopa-
thology, the formalin-fixed samples (10% buffered formalin)
were placed in a Tissue-Tek VIP machine (Sakura Finetek
Europe) overnight for dehydration and clearing, following the
manufacturer's instructions. Samples were then embedded
in paraffin, cut into 2-3 ym thick sections and stained using
hematoxylin and eosin (Tissue-Tek Prisma H&E Stain Kit#1,
cat. no. 6190; Sakura Finetek Europe), following the manu-
facturer's instruction. Routine immunohistochemistry (IHC)
for HMB45, cytokeratin AEI/AE3, Melan A, S100, Vimentin,
Ki-67 was performed using the fully-automated Benchmark
ULTRA staining platform (Roche Tissue Diagnostics; Roche
Diagnostics, Ltd) to support the histopathological diagnosis
of primary malignant melanoma or melanoma metastasis.
The following ready-to-use primary antibodies (Roche
Diagnostics Ltd.) were used and the recommended staining
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procedure (temperature and duration of incubation) was
applied: Anti-HMB45 mouse mAb (cat. no. 05479282001,
incubation, 8 min at 36°C), anti-Pan Keratin mouse mAbs
(cat.no.05267145001; incubation, 8 min at 36°C), anti-Melan A
mouse mAD (cat. no.05278350001; incubation, 32 min at 36°C),
anti-S100 mouse mAb (cat. no.05278104001; incubation, 8 min
at 36°C), anti-Vimentin mouse mAb (cat. no. 05278139001,
incubation, 16 min at 36°C) and anti-Ki-67 rabbit mAb
(cat. no. 05278384001; incubation, 16 min at 36°C). The anti-
bodies were visualized using an UltraView Universal Detection
Kit (cat. no. 760-501; Roche Diagnostics Ltd.) according to the
manufacturer's instructions. Stained sections were examined
using a light microscope (Olympus BX53; Olympus Europa
SE & Co. KG). NOS melanomas were mainly punch biopsies
that did not allow a more detailed diagnosis of the primary
melanoma. The group ‘other visceral metastases’ comprised
different parts of the gastrointestinal tract and other organ
systems that occurred in a scattered manner in the sample
group and were therefore pooled. The tumor (T) classification
for primary melanomas was determined according to the eighth
edition of the American Joint Committee on Cancer melanoma
staging system (61). Information regarding the BRAF muta-
tion status was obtained from data files for each sample. The
routine testing procedure involved utilizing either the cobas
4800 BRAF V600 mutation test (Roche Diagnostics, Ltd) or
the BRAF-strip Assay (ViennaLab Diagnostics GmbH). The
study was performed in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of the
Karl Landsteiner University of Health Sciences (Krems an der
Donau, Austria; approval no. 1031/2018).

CSPGH4 staining and scoring. All tissue samples were stained
for CSPG4 expression at the Department of Pathology
at the University Hospital St. Poelten. Formalin-fixed
paraffin-embedded tissue samples were deparaffinized and
stained using the BenchMark XT automated immune-staining
platform (Roche Tissue Diagnostics; Roche Diagnostics, Ltd)
and the ultraView Universal DAB detection system (Roche
Tissue Diagnostics; Roche Diagnostics, Ltd) according to the
manufacturer's protocol. Briefly, heat-induced antigen retrieval
was performed for 10 min at 95°C. Then the tissue sections
were incubated in 3% H,O, for 14 min at room temperature.
Following this, Inhibitor CM (Roche Diagnostics Ltd.) was
applied, and slides were incubated for 4 min at 37°C. Next, the
sections were incubated with a mouse monoclonal antibody
specific to CSPG4 (1:200; cat. no. ab50009; Abcam) overnight
at 4°C. The slides were then incubated with OmniMap anti-Ms
HRP for 16 min in conjunction with the ultraView Universal
DAB detection system (cat. no. 760-700; Roche Diagnostics
Ltd.), following the manufacturer's instructions. Between the
steps, slides were washed with the Reaction buffer (Tris-based
buffer, pH 7.6-7.8; cat. no. 950-300; Roche Diagnostics Ltd.).
Finally, the samples were counterstained with Hematoxylin II
(cat.no.790-2208; Roche Diagnostics Ltd.) and Bluing Reagent
(cat. no. 760-2037; Roche Diagnostics Ltd.) for 3 min at room
temperature, and dehydrated in graded ethanol and xylene.
Scoring of tissue slides was performed independently by
two investigators. Stained sections were examined using an
Olympus BX53 microscope (Olympus Europa SE & Co. KG).
Expression of CSPG4 was categorized visually according to

a four-tiered scale as follows: i) 0, negative (a complete loss
of CSPG4 expression); ii) +, weakly positive staining (<25%
cells stained positive for CSPG4); iii) ++, moderately posi-
tive staining (25-50% cells stained positive for CSPG4); and
iv) +++, strongly positive staining (>50% cells stained positive
for CSPG4).

Statistical analysis. For statistical analysis, CSPG4 expression
was dichotomized into positive (including +, ++ and +++) and
negative groups. The T classification of primary melanomas
was simplified to pT1-pT4 (pT1, tumor thickness according
to Breslow <1 mm; pT2, >1-2 mm; pT3, >2-4 mm; and pT4,
>4 mm) (61). The supplementary staging criterion non-ulcerated
or ulcerated was considered as the separate variable ‘ulceration
status of primary melanomas’. The numeric parameters, age
at diagnosis and tumor thickness were tested for an associa-
tion with CSPG4 expression using the Mann-Whitney-U test.
Pearson's %* test was used to analyze associations between
qualitative clinicopathological data and CSPG4 expression.
When cells had an expected count of <5 in the crosstabula-
tion, Fisher's Exact test was used instead of Pearson's %>. For
a more detailed analysis of significant results in the x> test or
Fisher's Exact test the column proportion test (Z-test) and the
Bonferroni method to adjust P-values for multiple comparisons
were used. P<0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed
using SPSS Statistics, version 24.0 (IBM Corp.).

Results

Histopathological and clinical characteristics of the sample
group. A total of 196 melanoma tissue samples were stained
for CSPG4. CSPG4 expression could not be evaluated in seven
samples due to technical reasons or missing tumor tissues.
Therefore, the final data set included 189 melanoma tissue
samples. Tables I and II presented the absolute frequencies
for all characteristics of the sample group. A flowchart indi-
cated the division and classification of the melanoma tumor
samples (Fig. 1).

A total of 104 of the tissue samples (55.0%) were histo-
logically diagnosed as primary melanomas and 85 (45.0%) as
melanoma metastases (Table I and Fig. 1). Ninety-two of the
tissue samples (48.7%) were obtained from female patients
and 97 (51.3%) from male patients (Table I). The median
age at diagnosis of the sample group was 71 years (range,
25-93 years). Data for tumor thickness, ulceration status and
T classification were available for 86 primary melanomas.
These data were not available for mucosal melanomas and
for most of the NOS primary melanomas. The median tumor
thickness (according to Breslow) of primary melanoma
tissue samples was 2 mm (range, 0.2-25 mm), and 36 (41.9%)
presented with an ulceration and 50 (58.1%) did not (Table I).
A total of 33 of the primary melanoma tissue samples (38.4%)
were classified as pT1, 13 (15.1%) as pI2, 14 (16.3%) as pT3
and 26 (30.2%) as pT4 (Table I). BRAF mutation status anal-
yses were available for 74 tissue samples, including primary
melanomas and melanoma metastases, and 32 (43.2%) samples
demonstrated a BRAF V600E mutation (Table I). In terms
of the histopathological subtype of the primary melanomas,
NM were represented with the highest number (n=41; 39.4%),



4 GROSSAUER et al: IMMUNOHISTOCHEMICAL DETECTION OF CSPG4 EXPRESSION IN MALIGNANT MELANOMA

Table I. Association of CSPG4 expression and clinicopathological parameters.

Expression of CSPG4
Clinicopathological parameters Samples, n Negative, n (%) Positive, n (%) P-value
Sex 0.182*
Female 92 36 (39.1) 56 (60.9)
Male 97 29 (29.9) 68 (70.1)
Diagnosis 0.813°
Primary melanoma 104 35 (33.7) 69 (66.3)
Melanoma metastasis 85 30 (35.3) 55 (64.7)
Ulceration status of primary melanomas 0.742*
Ulcerated 36 12 (33.3) 24 (66.7)
Non-ulcerated 50 15 (30.0) 35 (70.0)
T classification of primary melanomas 1.000°
pT1 33 11 (33.3) 22 (66.7)
pT2 13 4(30.8) 9(69.2)
pT3 14 4 (28.6) 10 (71.4)
pT4 26 8(30.8) 18 (69.2)
BRAF mutation status 0.214°
Wild type 40 14 (35.0) 26 (65.0)
V600E 32 6 (18.8) 26 (81.3)
V600K 2 1 (50.0) 1 (50.0)

“Pearson's * test, "Fisher's exact test. pT1-4, classification of primary melanoma according to AJCC (61); CSPG4, chondroitin sulfate proteo-

glycan 4.

Table II. Association of CSPG4 expression and histopathological diagnosis.

Expression of CSPG4
Histopathological diagnosis Samples, n Negative, n (%) Positive, n (%) P-value
Primary melanoma subtypes 0.009*
Nodular 41 10 (24.4) 31 (75.6)
Superficial spreading 28 7(25.0) 21 (75.0)
Lentigo maligna 8 7 (87.5) 1(12.5)
Acral lentiginous 3 2 (66.7) 1(33.3)
Mucosal 11 5(45.5) 6 (54.5)
Not otherwise specified 13 4 (30.8) 9(69.2)
Site of melanoma metastases 0.882*
Cutaneous 7 3(42.9) 4(57.1)
Subcutaneous 25 7 (28.0) 18 (72.0)
Lymph node 20 7(35.0) 13 (65.0)
Lung 14 5(35.7) 9 (64.3)
Other visceral metastases 19 8(42.1) 11 (57.9)

“Fisher's exact test. CSPG4, chondroitin sulfate proteoglycan 4.

followed by SSM (n=28; 26.9%) (Table II and Fig. 1). Among
the melanoma metastases group, the most common were
subcutaneous metastases (n=25; 29.4%), followed by lymph

node metastases (n=20; 23.5%) (Table II and Fig 1).

Immunohistochemical analysis of the expression of CSPG4.
After staining the samples using CSPG4-specific antibodies,
124 samples (65.6%) were demonstrated to be positive for the
expression of CSPG4. Among these, 47 (24.9%) were classified
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Melanoma tissue samples (196)

Samples excluded due
to technical reasons (7)

Melanoma tissue samples—final data set (189)

1
[ 1

Primary melanomas (104) Melanoma metastases (85)

Nodular (41) Cutaneous (7)

——— Superficial spreading (28) Subcutaneous (25)

Lentigo maligna (8) Lymph node (20)

Acral lentiginous (3) Lung (14)

Other visceral metastases|

Mucosal (11) 19)

Not otherwise specified
(13)

Figure 1. Flowchart illustrating the classification of melanoma tumor samples.
The numbers in parentheses illustrate the respective counts for each group.

as +, 62 (32.8%) as ++, and 15 (7.9%) as +++. Sixty-five (34.4%)
samples demonstrated no expression of CSPG4. No immuno-
histochemical staining for CSPG4 was demonstrated in the
adjacent normal skin of the tumor tissues within the tissue
samples, including both primary melanomas and cutaneous
metastases (data not shown). Immunohistochemical analysis of
CSPG4 expression in the sample group, which included a total
of 189 melanoma tissue samples, was performed (Table III).
Examples of H&E staining and CSPG4 staining for primary
and metastatic melanomas were presented in Fig. 2.

Association between CSPG4 expression and clinicopatho-
logical characteristics. Details of the frequencies of positive
and negative CSPG4 staining among the different clinico-
pathological parameters were presented (Table I). There was
no significant association between the expression of CSPG4
in melanoma tissue samples and the demographic parameters
sex (P=0.182) and age at diagnosis (P=0.121). Furthermore,
no significant association with CSPG4 expression was
demonstrated for tumor thickness (P=0.713), ulceration status
(P=0.742) and T classification (P=1.000). The vast majority of
BRAF V600E mutated tissue samples was stained positive for
CSPG4 expression (n=26; 81.3%) and only few samples with
a BRAF V600E mutation demonstrated no CSPG4 expression
(n=6; 18.8%).

CSPGH4 expression in primary melanomas and melanoma
metastases. Frequencies of CSPG4 expression among the
different primary melanoma subtypes and the different sites of

Table III. Immunohistochemical expression of CSPG4 in the
sample group.

Expression of CSPG4 Samples, n (%)
Negative 65(344)
Positive
+ 47 (24.9)
++ 62 (32.8)
+++ 15(7.9)
Combined total 124 (65.6)

Percentage of the individual sample groups is relative to the total
sample group (n=189). +, 1-24% of tumor cells express CSPG4; ++,
25-50% of tumor cells express CSPG4; +++, >50% of tumor cells
express CSPG4. CSPG4, chondroitin sulfate proteoglycan 4.

melanoma metastases were summarized (Table II). There was
a significant association between primary melanoma subtypes
and CSPG4 protein expression (P=0.009). Therefore, a further
evaluation was performed using the column proportion test
(Z-test) in SPSS to evaluate which subtypes demonstrated
significant differences. This analysis demonstrated that
the number of primary nodular (P=0.009) and SSM lesions
(P=0.021) stained positive for CSPG4 was significantly higher
than the number of primary lentigo maligna melanomas
(LMM). Primary nodular (n=31; 75.6%), primary superficial
spreading (n=21; 75.0%) and mucosal (n=6; 54.5%) mela-
nomas demonstrated positive staining for CSPG4 expression.
However, only 1/8 (12.5%) primary LMM and 1/3 (33.3%)
ALM demonstrated CSPG4 expression (Table II). No signifi-
cant association was demonstrated (P=0.882) regarding the
site of melanoma metastases. CSPG4 expression demonstrated
a comparable distribution between negative and positive
CSPG4 expression across different metastatic sites, including
cutaneous, subcutaneous, lymph node, lung and other visceral
metastases (Table II).

In total 69 (66.3%) of the primary melanoma tissue samples
stained positive for the expression of CSPG4 and 35 (33.7%)
samples were negative (Table I). Fifty-five (64.7%) samples
in the melanoma metastases group were positive for CSPG4
expression and 30 (35.3%) were negative (Table I). There was
no significant difference in the frequency of CSPG4 expression
between the primary melanoma and melanoma metastases
groups (P=0.813) (Table I).

Discussion

CSPG4 is a transmembrane proteoglycan involved in the onco-
genic potential of malignant melanoma through numerous
cellular mechanisms (15). Determining the expression of
CSPG4 among a large number of primary and metastatic
melanoma lesion samples may contribute to the demonstration
of the clinical significance of CSPG4 and to defining its role
in new treatment approaches. Previous studies have reported
differences in the expression of the proteoglycan among the
different histopathological subtypes of primary and meta-
static malignant melanoma lesions (30-32). The present study
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Figure 2. H&E and CSPG4 staining of representative primary melanoma and melanoma metastases. (A) Primary melanoma sample (magnification x100).
(B) Positive immunohistochemical staining of a primary melanoma with a mAb specific for CSPG4 (magnification, x20). (C) Sample of a melanoma metastasis
(magnification x100). (D) Negative immunohistochemical staining of a melanoma metastasis with a mAb specific for CSPG4 (magnification, x20). CSPG4,
chondroitin sulfate proteoglycan 4; H&E, hematoxylin and eosin; mAb, monoclonal antibody.

demonstrated significant differences in CSPG4 protein expres-
sion in an analysis of a large number of archived melanoma
tissue samples, including primary and metastatic lesions, from
different histopathological subtypes.

As it has been reported that melanoma represents an
underestimated disease burden in Austria, research on this
topic is of importance (2). To the best of our knowledge, the
present study represents the largest collection of melanoma
samples systematically analyzed for the expression of a
melanoma antigen in the region of Lower Austria to date.
It should be noted that patients who underwent primary
surgical intervention in a hospital setup tended to have
thicker primary melanomas. Consequently, there was a
higher frequency of nodular melanomas observed in these
cases (Table II). It is important to acknowledge, that the data
presented in the present study represents the collection of
tumor materials from a specific group of institutions within a
defined period of time.

The majority of tissue samples included in the present study
demonstrated positive staining for the expression of CSPG4,
both in the primary melanoma and melanoma metastases
groups (Table I). An early study reported by Natali et al (21)
in 1983 reported higher (>75%) percentages of melanoma
tissue samples which stained positive for the expression of

CSPG4. The reported differences in the number of tissue
samples staining positive for the expression of CSPG4 may be
attributed to the use of different antibodies that target distinct
determinants of the proteoglycan. The monoclonal antibody
used in the present study was validated for its suitability
to stain formalin-fixed paraffin-embedded tissue samples
specifically for CSPG4.

There was no significant difference in the frequency of
CSPG4 expression between primary melanoma and melanoma
metastasis lesions in the study population (Table I), which
supported the previous hypothesis that CSPG4 already has an
impact in the formation process of metastases (15). A higher
frequency of cells which expressed CSPG4 in metastatic
lesions than in primary ones has, to the best of our knowl-
edge, only previously been described for ALM and mucosal
melanomas (30,32). Given that the sample cohort in the
present study primarily included NM and SSM, no statistically
significant differences were demonstrated between primary
and metastatic tumor samples. Further studies examining the
detailed mechanisms of up- and down-regulation of CSPG4
expression in primary and metastatic lesions would therefore
be of interest.

No correlation was demonstrated between CSPG4 expres-
sion and clinicopathological parameters, such as sex, age,
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BRAF mutation status, tumor thickness, ulceration status and
T-classification of primary melanomas in the present study
(Table I). A previous study by Kageshita et al (33) which also
tested for an association between the factors such as age and
stage of disease, and CSPG4 expression among primary ALM
tissue samples, reported a significance between these clinical
parameters and CSPG4 expression in this subtype of primary
melanomas. The same study also reported an inverse corre-
lation between CSPG4 expression and survival in primary
ALM lesions, which emphasized the prognostic significance
of CSPG4 (33). A significant finding in survival analysis
has only been observed thus far in primary ALM lesions for
CSPG4-expressing melanomas. Unfortunately, due to limita-
tions of the study protocol, no information on the treatment
status of the patients from whom samples were collected
was available; as a result, it was not possible to calculate the
correlation between the expression of CSPG4 and treatment
modalities or overall survival within the study cohort.

The BRAF mutational status was available for 74 (39.1%)
tissue samples in the present study (Table I). As analysis of the
BRAF mutational status has been available only in the recent
years, it has not been performed for all tissue samples in the
present study, some of which date back to the year 2010.

The present study demonstrated that the vast majority of
tissue samples with a confirmed BRAF V600E mutation also
expressed CSPG4 (Table I). This finding supported the obser-
vations made in an earlier study which reported that CSPG4
seemed to function with an important role in a strong and
sustained activation of ERK1,2 in BRAF-mutant melanoma
cell lines (20). A detailed analysis of CSPG4 expression in
BRAF-mutant melanomas is of importance when defining the
role of this proteoglycan in tumor advancement and regarding
it as a potential therapeutic target. Indeed, Yu et al (36)
reported that a combination therapy of the BRAF-selective
inhibitor vemurafenib with the CSPG4-specific monoclonal
antibody (mAb) 225.28 resulted in a more effective inhibi-
tion of CSPG4-positive melanoma cells with a BRAF V600E
mutation. The addition of mAb 225.28 to vemurafenib was
also reported to delay the development of resistance to this
therapy (36), which further supported the oncogenic potential of
CSPG4 in BRAF mutant melanomas. It has also been reported
that CSPG4-specific anti-225D9+-TT polyclonal antibodies
enhanced the anti-proliferative effects of the BRAF inhibitor,
PLX4032, in melanoma cells (62). In addition, a recent study
reported that when combined with PLX4032, the anti-CSPG4
mADb 9.2.27 contributed to a significant, additional inhibition
of melanoma cell viability, compared with cells treated with
BRAF inhibitor alone (37).

The present study demonstrate a high prevalence of CSPG4
expression in primary NM and primary SSM (Table II), and
in line with previous reports (30,31), CSPG4 was expressed in
a distinct majority of stained tissue samples in these subtypes
of primary melanomas. In primary LMM the frequency of
CSPG4 expression was significantly lower than that in NM
and SSM (Table II) and, to the best of our knowledge, the
present study is the first to describe this significant differ-
ence. Previous studies had only reported a significantly lower
frequency of cells which expressed CSPG4 in primary ALM
tissue samples (30,31). In this retrospective analysis of CSPG4
expression in primary melanomas a low frequency of primary

ALM tissue samples that stained positive for CSPG4 were
observed. However, this result was not significant, which might
be due to the small sample number of primary ALMs included
in the present study (Table II). As ALMs are not that common
in the Caucasian population (63), only a limited number of
samples were available for inclusion in the present study.

It would be valuable to perform a prospective analysis of
CSPG4 expression in a substantial number of melanoma tissue
samples both before and after treatment with kinase inhibitors,
as well as other treatment approaches such as immunotherapy.
Our group has previously reported that CSPG4 expression is
downregulated after treatment with a BRAF/MEK inhibitor
by retrospectively analyzing a small number of patient-derived
tumor samples (64). It has been reported that shedding of
tumor antigens, such as carcinoembryonic antigen into the
blood circulation could potentially suppress antitumor CD8+
T-cell function (65). It could be hypothesized that a similar
phenomenon might occur for CSPG4.

In summary, the present study utilized a cohort of mela-
noma tissue samples from Lower Austria, which provided
valuable insights into the expression profile of CSPG4 in
this specific Caucasian population. By correlating CSPG4
expression with both histopathological characteristics and
patient characteristics, w the clinical relevance and potential
implications of CSPG4 expression in melanoma subtypes
was demonstrated, which laid the foundation for personalized
treatment strategies. Notably, the present study demonstrated
a previously unreported finding of low CSPG4 expression in
LMM within this particular population, which adds to our
understanding of the heterogeneity of CSPG4 expression
in melanoma.
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