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Abstract Endothelins (ETs) exert severa functions in
human melanocytes, including proliferation, dendrite
formation, and melanin synthesis. Among the ET recep-
tors, the non-selective endothelin-B (ETB) receptor is
the major receptor in melanocytes and malignant mela-
noma (MM) cells. In spite of the important role of ETs
and their receptors in the growth and differentiation of
melanocytes, the distribution and expression levels of
ETB receptors in tissue sections of benign and malignant
pigment cell lesions is still unknown. We combined im-
munohistochemistry and reverse transcriptase-polymer-
ase chain reaction (RT-PCR) to study ETB receptor ex-
pression in benign and malignant pigment cell lesions
and in normal skin. Immunohistochemistry on paraffin-
embedded tissue sections of 159 cases revealed a signifi-
cant increase in intensity of ETB receptor expression
from common nevi over dysplastic nevi and primary
MM to metastatic MM. Quantitative PCR using real-
time detection on 75 samples confirmed the immunohis-
tochemical results. These data add the ETB receptor to
the growing list of tumor progression markers in MM
and suggest that ETs play a role in the progression of
MM in the skin.
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Introduction

Endothelins (ET-1, ET-2, ET-3) are paracrine signal pep-
tides with 21 amino acid residues binding to at least two
subtypes of G protein-coupled heptahelical receptors,
termed endothelin-A (ETA) and endothelin-B (ETB) re-
ceptor, which were originally isolated from cultured por-
cine aortic endothelial cells [7, 31]. The two receptors
share high sequence homology but can be distinguished
by their specificity, i.e.,, a selective ETA receptor that
binds ET-1 and ET-2 with high affinity but ET-3 with
low affinity and a non-selective ETB receptor that binds
al ET isopeptides with equal affinity [9, 17].

The ETs are particularly known for their endothelial
localization and vasoconstrictive effects [20, 31], but re-
cent data suggest that they exert additional physiological
functions [26]. ETs are believed to play an important role
in melanocyte development [33], including the regula-
tion of melanocyte progenitor cell number, and the in-
duction of pigment synthesis [25] and dendrite formation
in these cells [11]. These findings suggest that ETs stim-
ulate differentiation of the melanocyte progenitors into
fully mature melanocytes. ETs also serve as mitogen for
melanocytes and stimulate DNA synthesis of primary
and recurrent cutaneous melanoma cells in serum-de-
prived cultures. In this respect, ETs are equipotent to ba-
sic fibroblast growth factor (bFGF) and are co-mitogenic
with bFGF in an additive manner for human melanocytes
[17]. ETs stimulate human melanocyte proliferation and
differentiation via a receptor-mediated signal transduc-
tion pathway [30], and it has recently been demonstrated
that the ETB receptor is the major receptor involved in
the ET-1-induced differentiation of melanocytes[17].

In view of the mitogenic effects of ETs for various
cell typesin vitro [3] and in vivo [15], the ETB receptor
has extensively been studied in several cancers [13, 32].
Mutations or altered expression of this receptor have
been observed in prostate and breast cancer [2, 18, 22].
The distribution and expression of ETB receptorsin pig-
ment cell lesions has not been studied in vivo. Therefore,
we analyzed the expression of the ETB receptors in a
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large series of benign and malignant pigment cell lesions
using immunohistochemistry and quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR) analy-
sis. We observed a gradual increase in ETB receptor ex-
pression on both the protein and RNA level from com-
mon nevus to metastatic malignant melanoma (MM),
suggesting that ETB receptors and, hence, ETs, play a
role in the tumor progression of MM.

Materials and methods

Materials

For immunohistochemistry, 159 buffered formalin-fixed paraffin-
embedded benign and malignant pigment cell lesions were used.
These included 61 benign lesions, 15 nevi with varying degrees of
architectural, cytological, and stromal dysplasia assessed accord-
ing to standard criteria [8], 10 MM in radial growth phase (RGP)
only, 56 MM in vertical growth phase (VGP), and 17 metastatic
MM. The diagnoses of the benign nevi are listed in Table 1.

For RT-PCR, we used frozen tissue from 75 samples, including
9 cases of normal skin, 16 common nevi, 25 primary MM, and 25
metastatic MM. As a positive control in immunohistochemistry
and RT-PCR, tissue from normal adrenal gland was used since this
tissue has been shown to express large quantities of the ETB re-
ceptor [13].

Methods

In preliminary experiments comparing various immunohistochem-
ical procedures and antigen retrieval methods, the Dako EnVision
System proved to be the most sensitive for the demonstration of
ETB receptors in paraffin-embedded material. Incubation with
polyclonal rabbit anti-ETB receptor antibody (kindly provided by
T Suzuki, Fukushima, Japan) for 30 min at room temperature was
followed by peroxidase-conjugated EnVision+ reagent (Dako, Co-
penhagen, Denmark) for another 30 min. The anti-ETB receptor
antibody was raised against a 14-mer peptide of human ETB re-
ceptor (positions 420433 amino acid residues) and identifies a
51-kDa protein on Western blotting [13]. Enzyme activity was de-
veloped using 3-amino-9-ethylcarbazole and H,0O,, reveaing a
bright red color that contrasted well with the brown melanin pig-
ment. Controls in which the primary antibody was replaced by
phosphate-buffered saline (PBS) did not revea specific staining.
In five cases in which the rabbit antibody showed clear-cut immu-
noreactivity, serial sections were stained with a commercialy
available sheep anti-ETB receptor antibody (Oxford Biomedical
Research) and yielded similar, albeit much weaker results.

Only cases in which at least 10% of the neoplastic cells in a
given tumor progression phase (i.e., RGP, VGP, or metastatic
phase) reacted were considered positive; in these cases, the inten-
sity of cytoplasmic staining was semiquantitatively assessed in
each growth phase by two of the authors (AD and JJvdO) as (+),
weak immunoreactivity; 1+, moderate immunoreactivity; and 2+
for strong immunoreactivity. In addition to cytoplasmic staining,
nuclear immunoreactivity also frequently occurred but was not
evaluated semiquantitatively (Table 1). In cases of discrepant scor-
ing, agreement was reached upon discussion. For statistical analy-
sis, the Mann-Whitney test was used with a significance level of
less than 5%.

For RT-PCR, total RNA was extracted from ten sections of
20-pm thicknessin al 75 cases using Trizol reagent (Life Technolo-
gies, Merelbeke, Belgium). Total RNA (2 um) was converted into
complementary DNA (cDNA) using superscript reverse transcrip-
tase according to the manufacturers recommendations (Life Tech-
nologies). The RT-PCR for the constitutively expressed Forkhead
transcription factor (FKHR) gene at chromosome 13 served as a
control test for the mRNA quality.
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Table 2 Oligonucleotide primer and probe sequences used
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Gene Oligonucleotide Sequence Product size
ETB reca Forward primer 5-TGAGTCTATGTGCTCTGAGTATTGACA-3

Reverse primer 5-ACCTATGGCTTCAGGGACAGC-3 149

Probe 5-TGTTTTGATTTGGGTGGTCTCTGTGGTTCT-3'
GAPDHP Forward primer 5-AGCCTCAAGATCATCAGCAATG-3

Reverse primer 5-ATGGACTGTGGTCATGAGTCCTT-3 101

Probe

5'-CCAACTGCTTAGCACCCCTGGCC-3

aReverse transcriptase polymerase chain reaction analysis was done
for the endothelin-B receptor (ETB rec), revealing an amplicon of
149 bp. A FAM (6-carboxy-fluorescein)-labeled probe was used

Real-time RT-PCR
Theoretical basis

This procedure is based on the time point during cycling when
amplification of the PCR product is first detected, rather than by
the amount of PCR product accumulated after a fixed number of
cycles. The parameter Ct (threshold cycle) is defined as the frac-
tional cycle number at which the fluorescence generated by cleav-
age of the probe passes a fixed threshold above the baseline [12].
The ETB receptor target gene copy humber in unknown samplesis
quantified by measuring Ct and by using a standard curve to deter-
mine the starting copy number.

A standard curve was constructed for ETB and for the glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) gene, as an en-
dogenous control. Serial dilutions (in triplicate) of total RNA from
normal adrenal gland were made in diethylpyrocarbonate (DEPC)-
treated water with 1000, 500, 200, 100, 50, 20, and 10 ng of nor-
mal adrenal gland. The series of diluted human total RNAs were
aliquoted and stored at —80°C until use. RNA was treated with
DNase (Gibco Life-technologies) to prevent the amplification of
possible pseudogenes.

The target amount of the unknown samples were divided by
the endogenous reference amount to obtain a normalized target
value. Final results, expressed as n-fold differencesin ETB recep-
tor gene expression relative to the GAPDH gene and the calibrator
were calculated as described previously [4].

All PCR reactions were performed in an ABI Prism 7700 Se-
quence Detection System (Perkin-Elmer Applied Biosystems).
The reaction mixture contained the Tagman universal master mix
(Perkin-Elmer Applied Biosystems, Part n0.°4304447), 1 yl cDNA,
15 pmol each primer, and 10 pmol FAM (6-carboxy-fluorescein)-
labeled ETB receptor Tagman probe (Eurogentec, Seraing, Belgium;
Table 2). The therma cycling conditions comprised an initial
denaturation step at 94°C for 10 min and 40 cycles at 94°C for
20 sand at 60°C for 1 min. Experiments were performed in tripli-
cate for each data point. Each PCR run included the seven points
of the standard curve (a set of three serially diluted normal human
adrenal gland cDNAS), a no-template control, and the unknown
cDNAs.

Results
Immunohistochemical findings

In normal skin, the ETB receptor was expressed in kera-
tinocytes, the eccrine sweat glands and, variably, in scat-
tered macrophages. Except for blue nevi, 53% of the 26
common acquired lesions showed immunoreactivity in
their junctional component and 43% in the dermal com-
ponent. The intensity of staining in the dermal compo-
nent was usually less than that of the junctional compo-

b The endogenous control, GAPDH (glyceraldehyde-3-phosphate
dehydrogenase), had an amplicon length of 101 bp. A JOE-labeled
probe was used

nent (Table 1). Two of six common blue nevi showed cy-
toplasmic immunoreactivity, in contrast to cellular blue
nevi, of which 62% showed immunoreactivity, which
was more intense than that of common blue nevi
(Fig. 1a).

The dysplastic nevi in this study comprised nine junc-
tional and six compound lesions. The junctional compo-
nent of 10 of 15 (67%) showed strong immunoreactivity
(Fig. 1b), whereas the dermal component was positive in
only one out of six cases. Of 15 dysplastic nevi, 7 also
showed nuclear immunoreactivity. Dysplastic nevi and
common acquired nevi did not differ significantly in in-
tensity of junctional ETB receptor expression.

Expression of the ETB receptor in MM increased
with increasing level of invasion. Whereas half of the in
situ or Clark I MM, including lentigo maligna, expressed
the ETB receptor (Fig. 1c), al Clark V MM expressed
the ETB receptor. With respect to the immunoreactivity
in the distinctive phases of tumor progression, it was evi-
dent that the staining intensity in the intra-epidermal
component (i.e., the radial growth phase) did not differ
significantly between MM of various invasion levels,
whereas the intensity of staining in the invasive (dermal)
component increased with successive Clark levels. Thus,
inal Clark-11 and -1l MM, the ETB receptor expression
in the in situ component was more intense or equal to
that of the invasive part of the tumor (Fig. 1d), whereas
in 8 of 23 Clark-V and -V MM, the reverse was ob-
served, i.e.,, a more intense immunoreactivity in the der-
mal component than in the epidermal part. Nuclear reac-
tivity was seen in 40-60% of all types of MM.

Comparing the intensity of staining in nevi with that
in primary MM, no statistically significant differences
were seen between dysplastic nevi and Clark /1l MM,
whereas Clark-111 (P=0.0399) and Clark-1V (P=0.0101)
MM showed a significantly more intense staining in their
dermal component than dysplastic nevi.

All metastatic melanomas showed cytoplasmic reac-
tivity and half of them revealed additional nuclear stain-
ing. Immunoreactivity was frequently more intense at the
periphery and diminished towards the center of the me-
tastasis (Fig. 1€). In involved lymph nodes, the subcap-
sular metastatic MM cells were more intensely stained
than those within the lymph node parenchyma.

For the evaluation of the immunochistochemical ex-
pression of the ETB receptor throughout the tumor pro-
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Fig. 1 Endothelin-B (ETB) receptor expression in pigment cell le-
sions of the skin. a Combined nevocellular nevus, composed of a
(unstained) common nevocellular nevus on the right, and an im-
munoreactive cellular blue nevus on the left. b In this junctional
dysplastic nevocellular nevus, strong immunoreactivity occurs in
the lentiginous parts of the lesion. There is variable nuclear stain-
ing in keratinocytes. ¢ Clark-l superficial spreading malignant
melanoma (MM), showing strong immunoreactivity in Pagetoid
neoplastic cells in the epidermis. d Clark-1V acrolentiginous MM,
showing intense, membranous staining in tumor cell nests at the
junction, whereas immunoreactivity gradually decreases towards
the reticular dermis. e Metastatic MM in the skin, showing diffuse
immunoreactivity that is more pronounced at the edge of the le-
sion. Three-step avidin-biotin peroxidase complex (ABC) tech-
nique, rabbit anti-ETB receptor antibody, counterstained with he-
matoxylin, x218 (a) and x87 (b—e€)

gression phases of MM, four major groups were com-
pared, i.e., common acquired nevi, dysplastic nevi, pri-
mary MM, and metastatic melanomas (Fig. 2). No sig-
nificant difference in intensity of immunoreactivity was
seen between common and dysplastic nevi. However,
significant differencesin intensity of staining were found
between common acquired nevi and primary MM
(P=0.0005 for the epidermal part and P<0.0001 for the
dermal component), between dysplastic nevi and prima-
ry MM (P=0.0221 for the dermal compartment) and be-
tween primary MM and metastatic melanoma (P=0.05).
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Fig. 2 Increased endothelin-B (ETB) receptor expression in ma-
lignant melanoma (MM) and their metastases versus normal and
dysplastic nevocellular nevi. The immunohistochemical results on
159 melanocytic samples are shown in the junctional (a) and der-
mal (b) part of the pigment cell lesion. Intensity of the staining
was divided into three groups as described in Table 1. The Mann
Whitney test was used for the statistical analysis (*P<0.05;
**P<0.01). Bars mean+SD. No significant difference was seen be-
tween common acquired nevi and dysplastic nevocellular nevi
(Dyspl. Nevi). Differences between the other groups are shown. A
highly significant difference was found between primary mela-
noma (1_MM) and metastatic MM (Metast. MM)

Reverse transcriptase polymerase chain reaction

Real-time RT-PCR was performed on 9 normal skin sam-
ples, 16 nevi, 25 primary MM, and 25 metastatic mela-
nomas. In five cases, both the primary MM and the me-
tastasis from the same patient could be evaluated. Fig-
ure 3 shows a real-time PCR standard curve for the ETB
receptor gene. A strong linear relationship between the

Fig. 3 Endothelin-B (ETB)
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Fig. 4 Real-time detection of endothelin-B (ETB) receptor expres-
sion levels in melanocytic lesions versus normal skin samples.
RNA from 75 samples was extracted and was used for reverse tran-
scriptase polymerase chain reaction (RT-PCR), as described in Ma-
terials and methods. Normal skin samples (N) were aso included to
compare the normalized ETB receptor expression (ETB-Rn) levels
in normal tissue and pigment cell lesions. Three groups were inves-
tigated: common nevocellular nevi (common nevi), primary mela-
noma (1_MM) and metastatic MM (Metast. MM). Statistical analy-
siswas performed using the Mann Whitney test. Bars mean+SD

Ct and the log of the starting copy number was always
obtained. The efficiency of the reaction (E), calculated
by the formula: E=10"1/|m|-1, where m is the slope of
calibration curve, was 90-100%.

Normalization of the 75 amplified samples according
to their GAPDH gene expression (Fig. 4) revealed signif-
icant differences in level of ETB receptor expression be-
tween normal skin (mean 0.470+0.067) and metastatic
melanoma (mean 4.380+1.874; P=0.05). A trend toward
significance was found between normal skin and primary
MM (mean 1.665+0.505), whereas no difference in level
of ETB receptor expression was found between normal
skin and nevi. When normal skin and nevi (mean
1.151+0.482) were taken together, they showed a signifi-
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cantly lower ETB receptor expression than the group of
malignant pigment cell lesions (P<0.05). The range of
results observed in metastatic melanomas was wider than
that observed in primary MM, nevi, and normal skin.

Discussion

Using immunohistochemistry and RT-PCR, we have stud-
ied the expression of the ETB receptor in alarge series of
benign and malignant pigment cell lesions. In order to
elucidate the possible role of ETB receptors in the pro-
gression of MM in vivo, we used biopsy material for both
the immunohistochemistry and RT-PCR, and we analyzed
both benign and malignant pigment cell lesions. Both cy-
toplasmic and nuclear immunoreactivity were observed.
Although as yet unexplained, nuclear immunoreactivity
for the ETB receptor has previously been described in
other tissues [13], this study is the first in which ETB re-
ceptor levels in benign nevi have been analyzed. Al-
though cytoplasmic immunoreactivity occurred in the
dermal component of almost half of benign nevi, RT-PCR
revealed that these nevi did not differ significantly from
normal skin samples, indicating that common nevus cells
express only low levels of the ETB receptor. In contrast,
ordinary and cellular blue nevi showed enhanced immu-
noreactivity for the ETB receptor. This feature may be re-
lated to the increased melanin formation in these cells
which, in turn, may reflect an increased response to ET-1,
a well-known inducer of melanin [25]. The strong ETB
receptor expression in blue nevi may also point towards
their close relationship with migrating melanocyte pre-
cursors that express high levels of the ETB receptor [24].

Neither immunohistochemistry nor RT-PCR could de-
tect significant differences in the level of ETB receptor
expression between common nevi or normal skin and
dysplastic nevi, athough a slight upward trend was evi-
dent (Fig. 2). These data suggest that associated stromal
cells contribute little if any to the ETB receptor expres-
sion. In contrast, immunohistochemistry showed that pri-
mary MM exhibited a more intense ETB receptor immu-
noreactivity than dysplastic nevi, whereas metastatic
melanomas in turn showed a remarkably increased stain-
ing intensity relative to primary MM. Within the scheme
of tumor progression in the melanocytic system [6, 10],
these data thus show an increased ETB receptor expres-
sion with successive phases of tumor progression and
suggest that ETB receptors and hence ETs are involved
in the tumor progression of MM. Although comparative
statistical analysis revealed significant differences in our
cases, studies analyzing larger groups should be per-
formed to confirm these findings.

Based on our data, we can speculate on the role of
ETB receptorsin the progression of MM. The mechanism
by which neoplastic cells in advanced phases of tumor
progression upregulate their ETB receptor expression re-
mains to be studied, but a parallel may be drawn with the
pathway of the MM progression marker interleukin (IL)-
6, in which both autocrine and paracrine mechanisms are

operative, with ultraviolet (UV) radiation as an important
trigger. The production of IL-6, a well-known tumor pro-
gression marker in MM, is upregulated by keratinocytes
under influence of UVA [5, 16]. Apart from this paracrine
mechanism (keratinocyte-derived IL-6), dermal MM cells
in thick melanomas not only express IL-6 receptors but
also produce IL-6 in an autocrine way [21]. This dermal
autocrine loop of IL-6 production and IL-6 receptor ex-
pression appears to be closely associated with increasing
growth autonomy of the malignant cells.

A similar model can now be suggested for ET-1 and
the ETB receptor in MM. Although ET-3 also utilizes the
ETB receptor, we believe this growth factor to be of less
importance in MM progression since it is not upregulated
by UV light [14, 25]. Previous studies reported the UV
light-induced synthesis of ET-1 by keratinocytes [1, 14,
15, 16, 28]. UVB-induced ET-1, derived from these kera-
tinocytes, acts as a paracrine factor for melanocyte growth
and melanization and as an autocrine growth factor for ke-
ratinocytes [14]. Moreover, ET-1 upregulates ETB recep-
tors on keratinocytes [28]. Hence, melanoma cells in the
radial growth phase are likely to be activated mainly by
keratinocyte-derived ET-1. In the derma component of
MM, two pathways may be operative. One pathway might
involve an autocrine loop in which MM cells produce ET-
1, express ETB receptors, and upregulate their own ETB
receptors by ET-1, similar to epidermal keratinocytes. Al-
ternatively, a paracrine mechanism might be operative in
the invasive part of MM and involve stimulation of MM
cellsby ET-1 derived from endothelia cells.

Previous studies compared the ETB receptor expres-
sion in cell lines derived from primary and metastatic
MM and found decreased expression levels in metastatic
cell lines [7, 17]. They attributed this downregulation of
the ETB receptor to tumor progression resulting in re-
duced apoptosis of melanoma cells by ET-1, although
others found that ET-1 protects against apoptosis in a va-
riety of tissues[23, 27, 29]. Our combined immunohisto-
chemical and molecular biological data reveal opposite
results and show that in early (Clark | to Clark 111) MM,
ETB receptor expression is most intense in the radial
growth phase, whereas in advanced MM, this expression
predominates in the vertical growth phase. No down-reg-
ulation of ETB receptors in metastatic melanomas was
evident by means of immunohistochemistry or RT-PCR.
These discrepant findings may be explained by the limit-
ed number of cell lines analyzed previously [7, 17] and
by the use of biopsy material in the present study. In-
deed, melanoma cells in vitro may behave differently
from those in patient samples and, as a consequence, al-
ter their gene expression. Lahav et al. (1999) reported an
ETB receptor antagonist that inhibits growth and induces
cell death in human melanoma cells in vivo and in vitro
[19]. This finding also favors a mitogenic and/or anti-
apoptotic role of ETB receptorsin MM.

In conclusion, whereas the exact role of ETs and their
receptors in melanocytic neoplasms still remains largely
unknown, we can conclude from our data that, in con-
trast to previous studies, the level of ETB receptor ex-



pression increases with successive tumor progression
phases. These data strongly suggest that binding of li-
gand(s) to their ETB receptors induces a mitogenic or an
anti-apoptotic effect in melanoma cells. Further studies
are needed to unravel the role of ETB receptors in the
signal transduction of MM tumor progression.
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