
Abstract. Background: In order to elucidate the role of the
receptor tyrosine kinase HER3, the expression characteristics
in different tissues of cutaneous malignancies and in normal
skin were compared. Materials and Methods: In this study
HER3 expression was evaluated by RT-PCR analysis and
immunohistochemistry from different tissue specimens of
cutaneous tumors like nevi, primary malignant melanomas,
basal cell carcinoma, squamous cell carcinoma and
malignant melanoma metastases and normal skin samples
and graded into weak, moderate and strong expression.
Associations of tumor thickness in these specimens with
HER3 expressions were also analyzed. Results: HER3
expression was found in 63% (10/16) of the basal cell
carcinomas, in 4/5 of squamous cell carcinomas and in one
Merkel cell carcinoma. Within the group of different
malignant melanomas, HER3 expression was detected in
35% of the nodular malignant melanomas (6/17) and in
9/19 of the superficial spreading melanomas, including 2
lentigo malignant melanomas. The majority of melanomas
with a higher tumor thickness expressed HER3, and 85% of
melanoma metastasis were HER3-positive. Conclusion:
HER3 expression was associated with hyperproliferate tumor
stages and suggested that HER3 expression could reflect an
increased malignant potential in cutaneous lesions.

Due to the increasing incidence rates (1) of melanomas,
basal cell carcinomas and squamous cell carcinomas and the
potentially lethal outcome of these tumors, cutaneous
neoplasias have attracted growing interest regarding the
molecular mechanisms leading to malignant transformation

of normal epidermis (3). In recent years, a variety of proto-
oncogenes, oncogenes themselves and tumor suppressor
genes have been studied in order to elucidate pathogenetic
pathways leading to malignancies (4).

The type I receptor tyrosine kinases have been implicated
in the development and progression of multiple human
malignancies (5-7). This family of receptor tyrosine kinases
consists of the epidermal growth factor receptor (EGFR) (8),
HER2 (9, 10), HER3 (11, 12) and HER4 (13, 14). The
sequence identity between these polypeptides ranges between
40-60% in their extracellular domains and 60-80% in their
intracellular domains (15, 16).

EGFR was shown to cause or contribute to malignant cell
transformation in gastrointestinal, urinary (17) and
reproductive tract malignancies, brain tumors, squamous cell
carcinomas (18) and melanomas (4, 19). HER2
overexpression caused by gene amplification and/or
transcriptional upregulation occurs in human breast and
ovarian carcinomas, and seems to be correlated with reduced
patient survival (7-11, 20). Equal amounts of HER2 mRNA
transcripts were found in benign nevi and melanoma, with
even higher expression levels in normal epidermis (21),
suggesting a function in proliferation and differentiation of
normal epidermal cells. The presence of HER2 protein was
detected in 12/30 primary melanomas, 8/10 already
metastasized melanomas and 6/15 breast carcinomas (20).

Human HER3 cDNA was sequenced, cloned and mapped
to the chromosomal locus 12q13 (11). Elevated mRNA levels
and constitutive tyrosine phosphorylation were first described
in human mammary carcinoma cell lines (11). In adult tissue
the 6.2 kb mRNA was detected in human placenta, skin,
stomach, lung, kidney and brain, but not in skin fibroblasts,
skeletal muscle or lymphoid cells. Protein expression was
found in gastrointestinal, urinary, reproductive, and respiratory
tracts, as well as in endocrine tissue and the nervous system.
Moreover, HER3 protein is detectable in human skin (12, 20,
21). In malignant tissue HER3 protein was detected in 13%
to 29% of breast carcinomas (22, 23). HER3 overexpression
has been observed in a range of malignant tumors, such as
pancreatic and gastrointestinal tumors (7), lung (24), bladder
(25), cervical, and prostate cancer (17). Moderate expression
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of the erbB3 transcript was detected by northern blotting
analysis in cell lines derived from two squamous cell
carcinomas of the tongue and one pharyngeal squamous cell
carcinoma (26-28). However, PCR analysis of 59 tissue
specimens of squamous cell carcinomas of the head and neck
detected amplification neither of HER2 nor of HER3 (27). In
oral squamous cell carcinomas, immunohistochemically
detected overexpression of HER3 protein was associated with
an elevated malignant potential (28).

In human skin, HER3 expression has to date only been
studied immunohistochemically (29). Positive reactions
using the RTJ1 antibody were found in 60% of nevi and
25% of melanomas (30). In a further immunohistochemical-
based study, HER3 expression was identified in 14/30
primary melanomas, 7/10 metastasized melanomas and 6/15
breast carcinomas (20). A specific role of HER3 expression
during progression of cutaneous malignancies therefore still
remains to be elucidated.

The aim of this study was to determine the differential
expression of HER3 via RT-PCR and by immunostaining in
basal cell carcinomas, squamous cell carcinomas, primary
melanomas and melanoma metastases in comparison to
normal skin and benign nevi.

Materials and Methods

Samples. Shock-frozen tissue specimens taken from 60 primary
malignant melanomas and melanoma metastases (17 nodular
malignant melanomas, 19 superficial spreading melanomas, 2
lentigo maligna melanomas, 2 melanomas on nevus, 2 recurrent
locoregional melanoma metastases and 18 distant cutaneous and
lymph node metastases) were studied by conventional RT-PCR. The
tumor thicknesses of primary carcinomas ranged from 0.2 to 12.1
mm. Patients with a family history of hereditary malignant
melanoma were excluded. Histologically, one Merkel cell
carcinoma, 16 basal cell carcinomas and 5 cutaneous squamous cell
carcinomas were found, among them a nine-year-old girl with
xeroderma pigmentosum. RNA was isolated from 11 samples of
normal skin, one seborrhoic keratosis and 22 melanocytic nevi and
analyzed by RT-PCR. Immunohistochemistry and examination of
the proliferation markers PCNA (proliferating cell nuclear antigen)
and Ki-67 was carried out on 4 Merkel cell carcinomas, 13 nevi, 10
primary melanomas and 29 melanoma metastases.

RNA isolation and RT-PCR analysis. Tissue specimens were shock
frozen in liquid nitrogen immediately after surgical excision. Tissue
was minced; total mRNA was isolated from homogenates using the
RNA-Clean™ System (Angewandte Gentechnologie Systeme
GmbH, Germany) according to the manufacturer’s instructions.

RNA transcription was performed immediately by and adding 1 μl
Oligo and 1 μl dNTP to 10 μl of each cell sample and starting the
cDNA transcription program (Promega, Madison, USA). Afterwards,
each cDNA was phenol extracted, precipitated by ethanol and
redissolved in aqua bidest. The cDNA concentration was evaluated by
absorbance at 260 nm. In subsequent 25 μl polymerase chain reactions,
100 ng cDNA template extracted as above were used to investigate the
HER3 gene expression applying the following primers: HER3 sense:

5’-CUA CUA CUA CUA GAG GCT GAG CTC TAG GAG AA-3’;
antisense: 5’-CAU CAU CAU CAU CTG GGA CCT GGG AGA
GAG AG-3’; 813 bp. The PCR mixtures contained 100 ng of template
cDNA, 1.5 mM MgCl2, 1 μM primer (sense and antisense), 0.2 mM
dNTPs (Promega) and 0.2 μl TaqPolymerase (5U/μl, Boehringer
Mannheim, Germany). Cycling parameters were: an initial
denaturation step (95˚C, 5 min), followed by 94˚C 1 min; 52˚C 1 min,
72˚C 1.5 min for 35 cycles and one final extension step (72˚C, 2 min).
Controls without DNA as well as GAPDH primers (sense: 5’-CCA
CCC ATG GCA AAT TCC ATG GCA-3’; antisense: 5’-TCT AGA
CGG CAG GTC AGG TCC ACC-3’; 598 bp) were performed for
each PCR set. Cycling parameters for GAPDH: an initial heating step
(95˚C, 5 min), followed by 94˚C 1 min, 60˚C 1 min, 72˚C 1.5 min for
29 cycles and one final extension step (72˚C, 2 min). The DNA
molecular weight standard (PhiX 174RF/HaeIII) was purchased from
Boehringer Mannheim. As a positive control, cDNA known to express
HER3 and GAPDH was amplified; water instead of cDNA was
applied as a negative control template.

Identical aliqots (5 μl) of PCR products were loaded onto 2%
agarose gels and visualized by ethidium bromide staining. The
optical density of GAPDH and HER3 bands were analysed by a
computerized densitometric analysis device (Image master VDS,
Pharmacia, Freiburg, Germany).

PCR was performed in a GeneAmp 9700 thermocycler (Applied
Biosystems, Weiterstadt, Germany). The final PCR mixture
contained 10 ng of targeted cDNA, 2.5 mM MgCl2, 10 mM TRIS,
50 mM KCL, 0.5 μM of each primer, 200 μM each of dNTPs and
25 mU/μl Taq Polymerase. The downstream-primer was 5’-labeled
with digoxigenin. Each PCR tube contained the same amount of
internal controls (=mimics), consisting of the identical primer
sequences as the target but of a different intermediate sequence.
PCR consisted of an initial heating step (95˚C, 5 min), 40
amplification cycles for HER3 (94˚C 1 min, 72˚C 1.5 min for 35
cycles and one final extension step (72˚C, 2 min).

DNA-mimics were constructed using the PCR MIMIC
Construction Kit (Clontech, Palo Alto, CA, USA) following the
manufacturer’s protocol. These mimic fragments were stabilized
by cloning them into a plasmid using the T/A Cloning Kit
(Invitrogen, San Diego, CA, USA). Plasmid DNA was extracted
using the High Pure Plasmid Isolation Kit (Boehringer,
Mannheim) and quantified by reading the optical density (OD) at
260 nm. The molar concentration was calculated and the mimics
were appropriately diluted.

Quantification by PCR ELISA. This assay was performed using a
commercially available system (PCR ELISA, Boehringer). In brief,
a part of the respective PCR product was denatured with the same
amount of an alkaline solution for 10 min at room temperature.
Five-fold dilutions of the denatured PCR product of each sample
were hybridized with 1.5 pmol of a 5’-biotinylated HER3-specific
oligonucleotide probe in rows A to D of a streptavidin-coated
microtiter plate, corresponding to 10.0 μl, 2.0 μl, 0.4 μl and 0.08 μl
of denatured PCR product. Rows E to H contained 10.0 μl, 2.0 μl,
0.4 μl and 0.08 μl of denatured PCR product hybridized with the
mimic-specific biotinylated oligonucleotide probe. The total reaction
volume was 200 μl. The plate was incubated at 55˚C for one hour,
washed five times, incubated with 200 μl of a peroxidase-
conjugated anti-digoxigenin antibody at 37˚C for 30 min, washed
again and incubated with 200 μl of the substrate for peroxidase,
3,3’-5,5’-tetramethylbenzidine (TMB) at 37˚C for 15 min. The
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reaction was stopped by adding 75 μl of 2M HCl, and the optical
density was measured at a wavelength of 450 nm. By subtraction of
the OD of the negative control net ODs were calculated.

Quantification was performed using the principle of a
commercially available system (HIV Monitor; Roche Diagnostics
Systems, Branchburg, NJ, USA). For each sample, the lowest net
OD for mimic and target over 0.100 was chosen for calculating the
target-copy number using the formula:

target-copies = (target-net OD x dilution factor): (mimic-net OD x
dilution factor) x input copy number of mimic.

Detection of PCR-products. First the tissue samples were screened
by internally controlled PCR-ELISA for the presence of GAPDH
cDNA as a housekeeping gene and for HER3 cDNA. Subsequently,
10 μl of the target and mimic product were denatured with 20 μl
denaturation solution, and the PCR ELISA was continued as
described above. Fragment lengths were 598 bp for GAPDH and
604 bp for the GAPDH mimic, 813 bp for HER3 and 596 bp for the
HER3 mimic.

In samples positive for HER3 cDNA, copy numbers of
GAPDH and HER3 were quantified as described above. To
correct for different amounts of starting mRNA and for differing
reverse-transcription, efficiency copy numbers for HER3 were
expressed in relation to GAPDH copies. A HER3/GAPDH copy
ratio >0 as weak overexpression, a HER3/GAPDH ratio <1 as
moderate overexpression but a ratio ≥1 was regarded as strong
overexpression.

Immunohistochemistry. Specimens were cut into 4 μm sections
formalin fixed and paraffin embedded. All tissue samples were
stained with hematoxylin/eosin and dermatohistopathology was
performed by two independent dermatopathologists.

Slides were deparaffinized in xylene and ethanol followed by
antigen retrieval using the citric acid process. Slides were then
stained with the monoclonal antibodies directed at HER3, PCNA
and Ki-67 (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
ImmunoCruz™ staining system kit was used to complete staining.
Protein products were visualized with HRP-streptavidin complex
binding to biotinylated secondary antibody, using goat anti-rabbit
secondary antibodies. After optimal color development, sections
were counterstained with Mayer’s hematoxylin and coverslipped. As
negative controls, tissue sections were treated identically omitting
the addition of the primary antibody. Interpretation of the antibody
staining was performed independently by two dermatopathologists
without knowledge of the patient’s background or diagnosis.
Antibody staining was graded as negative (0), weak (w), moderate
(+), or strong (++).

Results

HER3 expression frequencies. Overall, 162 tissue samples
from patients with melanocytic nevi, basal cell carcinoma,
squamous cell carcinoma and melanomas were studied by
RT-PCR using the house keeping gene GAPDH as a positive
control. Gene expression was categorized into three groups
(weak positive expression, moderate overexpression, strong
overexpression) and compared to the intensity of the
genomic DNA bands.

Non-UV exposed gluteal skin was chosen for examination
in order to avoid modification of gene expression levels by
ultraviolet radiation influence. Only 3/11 of the samples
taken from healthy skin showed weak HER3 expression and
none of the benign verruca seborrhoica skin (0/1) samples
showed HER3 expression. Accordingly, there was no positive
HER3 gene expression in benign skin at a comparable level
to the genomic DNA bands.

This was considerable dissimilar in benign nevi: of the 22
cases of nevi, including diagnosis of compound nevi,
congenital nevi, junctional nevi, dermal nevi and nevocellular
nevi, 15 revealed moderate HER3 expression, only one of the
positive 15/22 cases exhibited a weak expression status.
Seven (7/22) nevi demonstrated no HER3 expression. In
semi-malignant basal cell carcinomas (comprising superficial
multicentric and sclerodermiform variants), HER3 was
positive in 10/16 and weakly positive in 2. Furthermore,
HER3 was shown in 4/5 of the squamous cell carcinomas,
but in the single case of the xeroderma pigmentosum patient
with a squamous cell carcinoma the quantity of amplified
HER3 cDNA was especially low. The single Merkel cell
carcinoma sample exhibited positive expression of HER3.
Seventeen out of 40 primary melanomas (42.5% ) expressed
HER3; but 2 lentigo maligna melanomas (2/2), one
superficial spreading and one nodular melanoma, among
them were only weakly positive for HER3 (Figure 1).

Seven HER3-positive melanomas were located on the
lower leg, 6 melanomas were found on the back. Both
lentigo maligna melanomas were excised from the facial
skin. Primary nodular malignant melanomas and superficial
spreading melanomas were analyzed separately, since the
average tumor thickness at the time of diagnosis was higher
in nodular malignant melanomas than in superficial
spreading melanomas in general.

Of the HER3-positive melanomas, 12/14 were detected on
UV-exposed body sites, whereas 15 of the HER3-negative
melanomas (n=23) were on UV-exposed and 8 on non-UV-
exposed skin sites. (Table I) Both locoregional cutaneous
melanoma metastases and 15/18 of the melanoma metastases
were HER3-positive.

Primary nodular and superficial spreading melanomas were
examined separately due to their different tumor thicknesses.
A median tumor thickness of 4.95 mm was found in HER3-
positive nodular malignant melanomas (range from 0.9 mm
to 12.1 mm). In contrast, HER3-negative nodular melanomas
showed a significant lower median tumor thickness of 2.22
mm (range from 1.85 mm to 3.6 mm). These results were
similar to the expression profile in superficial spreading
melanomas: HER3-positive tumors presented a somewhat
higher tumor thickness (1.00 mm; range from 0.2 mm to 4.20
mm) than HER3-negative melanomas (0.73 mm; range from
0.4 mm to 1.36 mm), (Figure 2) which is known as the
strongest aspect of prognosis in melanoma disease.
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In quantitative RT-PCR, normal skin showed only weak
expression of HER3, while nevi (2/7) revealed a higher
proportion of HER3-positive tissue than primary melanomas
(2/12). All nodular melanomas (NMM) 17/17 were tested as
HER3-positive (3/17 strong, 14/17 weak), only 3/21 of the
lentigo malignant melanoma (LMM) and superficial
spreading malignant melanoma (SSM) cohort were negative,
13/18 demonstrated weak and 5/18 strong expression of
HER3. All melanoma metastases (14/14) were tested HER3-
positive: 5/14 showed strong and the remaining 9/14 weak
expression of the tyrosine kinase receptor. The median ratio
of HER3/GAPDH was highest in nodular malignant

melanoma (NMM) (0.5) compared to LMM and SSM (each
0.2). The highest median (1.1) and absolute (5.1)
HER/GAPDH ratio was detected in metastases. Furthermore,
all squamous cell carcinomas (4/4) showed weak expression
of HER3, while strong expression was found in 2/6 of all
basal cell carcinomas, while the remaining basal cell
carcinomas weakly expressed HER3.

Immunohistochemistry results. HER3 expression in
immunohistochemistry was absent in 5 out of 13 nevi tissue
samples, 4/13 showed a weak expression status and 4/13 a
moderate HER3 expression. Furthermore, all HER3-positive
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Table I. HER3 expression results concerning different UV-exposed body sites in primary melanomas.

HER3 positive primary melanomas, n=14 HER3 negative primary melanomas, n=23

female, n=8 male, n=6 female, n=8 male, n=15

UV-exposed not UV-exposed UV-exposed not UV-exposed UV-exposed not UV-exposed UV-exposed not UV-exposed

7 (88% ) 1 (13% ) 5 (83% ) 1 (17% ) 5 (63% ) 3 (38% ) 10 (67% ) 5 (33% )

Figure 1. HER3 expression in conventional RT-PCR. y-axis: Amount of tissue samples of normal skin, nevi, primary malignant melanomas, basal cell
carcinoma, squamous cell carcinoma and malignant melanoma metastases specimens. x-axis: Listing of all different specimen entities (normal skin,
nevi, primary melanoma, basal cell carcinoma, squamous cell carcinoma and malignant melanoma metastases).



samples were either expressing the proliferation marker
PCNA. Ki-67 was found less frequently, with only 4
moderate and 2 strong expressions in HER-positive nevi. In
immunohistochemistry results, one of the 10 primary
melanomas was weakly positive, 7 were moderately and 2
were strongly positive for HER3 expression. In the cases of
melanoma metastases (n=29), 2 out of 29 were negative, 13
were moderately and 5 were strongly positive with regard to
HER3 expression. All Merkel cell carcinomas (n=4) showed
moderate immunostaining results.

Discussion

In this report, we investigated the role of HER3 expression in
normal skin, basal cell carcinomas, malignant melanomas
and their metastases, cutaneous squamous cell carcinomas
and in Merkel cell carcinomas. Although constitutive
activation of the RTK members (epidermal growth factor
receptor/erbB1/HER1, neu/erbB2/HER2, erbB3/HER3, and
erbB4/HER4) (31) frequently occurs in various types of
cancer (32), owing to overexpression, (33), this does not
seem to be universal for other cancer entities. In most
studies, HER3 protein expression as evaluated by
immunohistochemical techniques was found to be related to
poor prognosis in malignant diseases (34). However many
results have proven to be controversial. In oral squamous cell

carcinomas, positive staining results for HER3 in
immunohistochemistry seem to correspond to a worse
prognosis (35). Conversely, other studies report on a loss
(27) or only weak expression of HER3 (26) in head and
neck squamous cell carcinomas, which again corresponds to
the low HER3/GAPDH ratio of the cutaneous cell carcinoma
found in this study.

Nevertheless, the exact role of HER3 in the molecular
pathway of carcinogenesis has not yet been completely
clarified. In normal tissue, HER2 and HER3 are expressed
and upregulated by confluence, concurrent with the induction
of epidermal differentiation (36).

Since HER3 overexpression at the protein level, shown in
immunohistochemistry results, might be the result of increased
gene transcription, any proof for erbB3 gene amplification in
head and neck cancer or other cell lines is still outstanding.

Positive staining of HER3 was identified immuno-
histochemically in 14/30 primary melanomas, 7/10
metastasized melanomas and 6/15 breast carcinomas and in
46% of oral squamous cell carcinomas (20). Another recent
study investigated HER2 and HER3 expression in 13
melanoma cell lines at the protein level by Western blotting
and at the mRNA level by RT-PCR. Similar amounts of
HER3 protein were found in melanocytes of 11/13 examined
cell lines and evidence of only low HER3 mRNA levels in
the remaining 2 cell lines was found (37).
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Figure 2. Tumor thickness in HER positive/ negative skin cancer. y-axis: Tumor thickness in millimetres (mm). x-axis:Listing of different malignant
melanoma specimens; nodular malignant melanoma (NMM) and superficial spreading melanoma (SMM). z-axis: Expression status of HER3 by
conventional RT-PCR.



In quantitative RT-PCR, nevi and melanoma metastases
demonstrated the strongest expression levels with the highest
number of positive samples. In general, primary melanoma
showed lower expression levels and less positive samples
determined both in quantitative RT-PCR and in
immunohistochemistry. Results at the mRNA level were
quite analogous to the expression pattern of
immunohistochemistry. Primary melanomas and their
metastases revealed a positive staining result in more than
90% of the cases (49/52), while nevi showed no strong
expression, but a weak/moderate expression in 15/22.

Regarding the melanoma body sites in this study, HER3-
positive cells were found both in tissue samples of
characteristic melanoma localizations of the back and the
lower extremities, related to only intermittent sun exposure,
and in the case of lentigo malignant melanomas on the sun-
exposed facial skin expressing HER3 only very weakly.
There appears to be no association between UV radiation
exposure and induction of HER3 expression. These HER3-
negative or weakly expressing melanomas might have
expressed HER3 previously, but developed HER3 loss over
the course of time. More investigation is required to
elucidate this phenomenon of HER3 loss and HER3
expression in UV-exposed skin cancer and nevi (38-41).

In 17/40 of the primary melanomas, positive HER3
expression was detected. It is already known that the
heregulin (HRG)/HER system is functional in melanocytes
and in the majority of melanoma cell lines, leading to growth
stimulation (37). Consequently, a loss of HER3 protein
expression prevents melanoma cells from growth stimulation
by HRG. Seeing as induction of HER3 up-regulation
depends on differentiation in normal keratinocytes (36),
predominately non-differentiated melanoma cancer cells may
show high expression levels unlike well-differentiated cells.
Furthermore, it is important to note that the HER3-positive
samples of both most common melanoma subtypes
(superficial spreading melanoma and nodular malignant
melanoma) were of a considerably higher tumor thickness
than the HER3-negative tumors. This reflects the additional
prognostic impact on the tumor’s thickness according to its
aggressiveness, considering that the tumor size has been
proven to be the best suited prognostic parameter in
melanoma. 14/14 HER3 positive samples in melanoma
metastases confirm our postulations. On the other hand,
metastases supposedly have a high HER3 expression,
because of their proliferation status and their possibly
induction by an autocrine HRG loop.

At first sight the relatively high proportion of HER-
positive nevi 15/22 does not underline our suggestions
towards an increased malignant potency in HER-positive
cells. However, nevi excised in the clinical setting are most
likely those that were expected to be suspicious in their
enlargement or their colour pattern, criteria which are caused

by proliferation of these nevus cells. Additionally, the
investigated proliferation markers, PCNA and Ki-67, were
positive in these samples.

HER3 expression at the mRNA level was detected in only
27% of the normal epidermis tissue samples (3/11), whereas
4/6 of the basal cell carcinomas and 4/5 of the cutaneous
squamous cell carcinomas expressed the erbB3 oncogene.
These different findings in basal cell and squamous cell
carcinomas may indicate the role of HER3, especially in
squamous cell carcinoma’s aggressiveness and progression
in comparison to the basal cell carcinoma.
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