
Tumorigenesis and Neoplastic Progression

Differential ErbB1 Signaling in Squamous Cell versus
Basal Cell Carcinoma of the Skin
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In this study, we examined ErbB1 signaling in hu-
man basal and squamous cell carcinomas (BCC and
SCC) of the skin in vivo. We used enzyme-linked
immunosorbent assay, laser capture microdissec-
tion-coupled real-time reverse transcriptase-poly-
merase chain reaction, and immunohistochemistry
to assess expression and activation levels of ErbB1
protein, ligands, and potential downstream effec-
tors , in BCC and SCC tumors , stroma, and adjacent
epidermis. Although total ErbB1 protein and mRNA
were similar in cancerous and normal skin, we
found that ErbB1 activation (phospho-Tyr1068) was
greater in bulk SCC versus BCC or normal skin. In
addition, three ErbB1 ligand transcripts (amphi-
regulin, heparin-binding epidermal growth factor-
like growth factor , and transforming growth fac-
tor-�) were up-regulated in tumor cells of SCC but
not BCC. Expression of these ligands was also in-
creased in asymptomatic epidermis adjacent to
both SCC and BCC, relative to normal skin. Inter-
estingly , betacellulin transcript levels were in-
versely regulated compared with the other ligands.
Consistently , downstream ErbB1 effectors (Erk1/2
and Akt) were activated in tumor cells of SCC but
not of BCC and in adjacent epidermis of both BCC
and SCC. These results demonstrate that ErbB1 sig-
naling is hyperactive in tumor cells of SCC but not
of BCC and in nearby asymptomatic epidermis of
both tumor types. Our results suggest that targeting
ErbB1 signaling might be of benefit in the treatment
of SCC. (Am J Pathol 2007, 170:2089–2099; DOI:

10.2353/ajpath.2007.060537)

Basal cell carcinoma (BCC) is the most common cancer
diagnosed in the United States, representing �30% of all
new US cancers, with �1 million cases diagnosed annu-
ally.1 The incidence of BCC appears to be increasing.2,3

Although less common than BCC, squamous cell carci-
noma (SCC) of the skin carries a �10-fold higher risk of
metastasis and mortality.4 Surgical treatment of BCC and
SCC is frequently disfiguring, and local recurrence is not
uncommon. Clearly, BCC and SCC constitute serious
health problems.

Early histological studies suggested that BCC often
arise from the hair follicle epithelium.5,6 This link has been
strengthened by the observation that the Patched signal-
ing pathway, which is constitutively activated by mutation
in BCC,7–10 plays a critical role in hair follicle develop-
ment11 and cycling.12 Recent studies have strongly im-
plicated ErbB1 (also known as epidermal growth factor
receptor, or EGFR) in the initiation of hair growth,13 and a
variety of natural and engineered mutants in ErbB recep-
tors and their ligands have very significant effects on hair
follicle morphogenesis.14–21 Moreover, signaling through
ErbB1 has also been implicated in chemical and onco-
gene-induced carcinogenesis in mouse skin, leading to
papillomas that progress to SCC.22–26 ErbB signaling
also plays an important role in controlling the proliferation
of normal skin in the context of wound re-epithelialization
and in hyperproliferative disorders such as psoriasis.27

Together with substantial data implicating overexpres-
sion and/or mutation of ErbB family members in human
cancer,28–30 and of a role for ErbB inhibitors in cancer
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therapy,31 these observations suggested to us that ErbB
signaling could be an important effector of malignant
behavior in BCC and/or SCC, providing opportunities for
improved therapy.

The mammalian c-ErbB receptor family consists of four
closely related receptor tyrosine kinases (RTKs; ErbB1 to
4) that interact with multiple ErbB receptor ligands.32,33

Ligand binding promotes receptor dimerization, with sub-
sequent auto- and transphosphorylation of specific ty-
rosine residues, resulting in activation of multiple signal
transduction pathways. Receptor activation ultimately af-
fects many cellular functions, including cell migration,
proliferation, differentiation, and survival.34 Normal hu-
man skin has been shown to express ErbB1, ErbB2, and
ErbB3, but not ErbB4.35–38

Previous studies of ErbB protein expression in BCC and
SCC have yielded inconsistent results.39–47 The overall im-
pression gleaned from most of those studies is that both
ErbB1 and ErbB2 are expressed in BCC at the same or
lower levels than in normal skin. Recently, BCC, SCC, and
normal skin were found to express ErbB1, ErbB2, and
ErbB3, but not ErbB4 mRNA, reminiscent of normal skin.48

Relative expression of these receptors in tumor cells versus
adjacent epidermis was not addressed in that study, which
used bulk tumor specimens. In cutaneous SCC, studies
have reported variable levels of ErbB1 and ErbB2 in primary
tumors but increased expression of ErbB147 and ErbB246

proteins in metastatic lesions.
In the current study, we examined the ErbB1 signaling in

BCC and SCC, differentiating tumor cells, and adjacent
epidermis. Although total ErbB1 expression was not altered
in BCC or SCC versus normal skin, we showed that ErbB1
activation (phospho-Tyr1068) was greater in bulk SCC ver-
sus BCC or normal skin. ErbB1 activation in SCC tumor was
accompanied by increased expression of three ErbB1 li-
gands [amphiregulin (AREG), heparin-binding epidermal
growth factor-like growth factor (HB-EGF), and transforming
growth factor-� (TGF-�)] and increased activation of poten-
tial ErbB1 downstream effectors. Taken together, these re-
sults demonstrate that the ErbB1 pathway is hyperactivated
in SCC tumors versus BCC and normal skin.

Materials and Methods

Reagents

Mouse monoclonal antibodies to ErbB1 were purchased
from Transduction Laboratories (clone 13) (Lexington, KY),
Labvision (Ab-13 and Ab-14) (Freemont, CA), or Invitrogen
(Zymed no. 28-005; Carlsbad, CA). Antibodies against Akt
(CST no. 2966), phospho-Akt (CST no. 9277), Erk1/2
(p42/44 mitogen-activated protein kinase, CST no. 9102),
and phospho-Erk1/2 (CST no. 9101) were from Cell Signal-
ing Technologies (Beverly, MA). Horseradish peroxidase-
conjugated secondary antibodies were purchased from
Upstate Biotechnology (Lake Placid, NY). EGFR (full length)
and phospho-EGFR (pY1068) enzyme-linked immunosor-
bent assay (ELISA) kits were from Invitrogen. All other
chemicals were purchased from Sigma (St. Louis, MO).

Procurement of Human Tissue Samples

Tumor tissue samples were obtained from the University
of Michigan Cutaneous Oncology Unit. OCT-embedded
tumor blocks were also obtained from the Cutaneous
Oncology Unit in the course of Mohs micrographic sur-
gery. Mohs stages are convex tissue fragments that are
sequentially removed in a radial manner after tumor de-
bulking, to establish the tumor limits. Because these
specimens are laid flat before sectioning, they also con-
tain epithelium that resides in the immediate vicinity of the
tumor (or as much as 2 to 3 mm away from the tumor
margin). BCC and SCC samples were ascertained with-
out regard to histological subtype. Normal skin was ob-
tained from sun-protected skin, either from excess skin
removed during abdominoplasty or mammoplasty or by
punch biopsy. All procedures involving human patients
were approved by the Institutional Review Board of the
University of Michigan Medical School, and all patients
provided written informed consent.

Skin Sample Processing for ELISA

Tumor specimens were removed by shave debulking so
as to contain a minimum amount of grossly normal skin,
although admixture with noncancerous follicular struc-
tures and epidermis could not be excluded. Samples
were snap-frozen in liquid nitrogen on removal. Tissue
lysates were prepared as follows: samples were homog-
enized on ice in RIPA buffer [50 mmol/L Tris, pH 7.4, 150
mmol/L NaCl, 1% Igepal (Nonidet P-40), 0.25% sodium
deoxycholate, 1 mmol/L ethylenediaminetetraacetic acid,
1 mmol/L phenylmethyl sulfonyl fluoride, protease inhib-
itors (Complete Mini; Roche, Indianapolis, IN), 1 mmol/L
sodium orthovanadate, and 1 mmol/L sodium fluoride]
and vortexed in the presence of glass beads (Biospec,
Bartlesville, OK). After 10 minutes of centrifugation at
10,000 � g and 4°C, supernatants were assayed for total
protein using a protein assay reagent (Bio-Rad, Hercules,
CA) and bovine serum albumin as a standard. Total and
phospho-EGFR ELISAs were performed according to the
manufacturer’s instructions.

Immunohistochemistry

Six-�m frozen sections were prepared from OCT-embed-
ded blocks containing Mohs surgical stages and imme-
diately fixed for 20 minutes in 4% paraformaldehyde con-
taining phosphatase inhibitors (10 mmol/L sodium
orthovanadate and 50 mmol/L sodium fluoride). After
three washes in TBST (50 mmol/L Tris-HCl, 0.15 mol/L
NaCl, and 0.1% Triton X-100, pH 7.5), tissue sections
were blocked in blocking buffer (TBST containing 1%
bovine serum albumin) for 1 hour at room temperature.
After three washes in TBST, sections were incubated with
the primary antibody in blocking buffer overnight at 4°C
at the following dilutions: anti-ErbB1 (1:800), anti-Erk1/2
(1:100), anti-phospho-Erk1/2 (1:400), and anti-phospho-
Akt (1:200). After three washes in TBST, samples were
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incubated with biotin-conjugated secondary antibodies 1
hour at room temperature followed by the addition of ABC
reagent (Vectastain Elite; Vector Laboratories, Burlin-
game, CA). Color was developed using AEC (3-amino-9-
ethyl-carbazole) (no. A-5754; Sigma), according to the
manufacturer’s instructions. Slides were counterstained
with Mayer’s hematoxylin. Sections were examined inde-
pendently by two observers (J.T.E. and J.E.G.), who were
blinded to the antibody used for staining and tumor type.
The staining intensities were scored on a 0 to 4 semi-
quantitative scale (from 0 � absent to 4 � very strong). In
assigning scores, the observers took into account both
the intensity and the extent of staining.

RNA Extraction and Quantitative Reverse
Transcriptase-Polymerase Chain Reaction
(QRT-PCR)

Total RNA from frozen samples or laser-captured ma-
terial were extracted using a commercial kit (RNeasy;
Qiagen, Chatsworth, CA) and quantified using a Ri-
boGreen RNA quantification kit (Invitrogen) according
to the manufacturer’s instructions. QRT-PCR was per-
formed on 100 ng of total RNA as described previous-
ly.49 Labeled PCR primers and probes for ErbB1 li-
gands50 were produced by the custom oligonucleotide
synthesis service (Applied Biosystems, Foster City,
CA) and are shown in Table 1. The primers and probe
for ErbB1 (predesigned TaqMan gene expression as-
say no. Hs00193306_m1) were obtained from Applied
Biosystems. Efficiency of QRT-PCR reactions was de-
termined using cDNA standards for 36B4, AREG, HB-
EGF, and TGF-�. Data on figures are presented relative
to 36B4 (fold versus 36B4 � 2�(�CTtarget � �CT36B4)).

Laser Capture Microdissection (LCM)

LCM was performed as recently described.50 Tumor
specimens were microdissected to obtain either tumor
cells, adjacent asymptomatic interfollicular epidermis
(without appendages or hair follicle infundibulum), or
peritumoral stroma. Normal skin was microdissected to
obtain epidermis, dermis (equal portions of papillary and

reticular dermis in a defined length of section), or ap-
pendages (whole hair follicles, sebaceous glands, and
eccrine glands in a defined length of section).

Statistical Analyses

Data are expressed as mean � SEM. Comparisons
among groups were made using a two-sample t-test
under a two-tailed hypothesis. For QRT-PCR experi-
ments, exponential transformations were used to depict
the data on figures. However, statistical analyses of QRT-
PCR were made on the untransformed scale. All P values
are considered significant when lower than 0.05. In the
figures, error bars indicate SEM, and significance is de-
picted with asterisks.

Results

ErbB1 Levels Are Not Altered in BCC
and SCC, Relative to Normal Skin

To evaluate the role of ErbB1 signaling in BCC and SCC,
we first assessed total ErbB1 protein expression in BCC
and SCC tumor samples by ELISA. As shown in Figure
1A, ErbB1 protein expression was not significantly differ-
ent between normal skin, BCC, and SCC. In parallel,
ErbB1 expression pattern was studied by immunohisto-
chemistry (Figure 1B). ErbB1 staining intensity in SCC
and BCC was variable in tumor cells of both BCC and
SCC (examples of weaker and stronger staining are
given in Figure 1B) but in general were similar to that
observed in adjacent normal-appearing skin. ErbB1
staining intensity was evaluated by two blinded investi-
gators in tumor cells, adjacent epidermis, and noncan-
cerous appendages, using a semiquantitative 0 to 4
scale (Table 2). No significant differences in ErbB1 stain-
ing intensity could be detected, either between tumor
and asymptomatic adjacent epidermis or between BCC
and SCC.

ErbB1 mRNA levels were quantified in various cellular
compartments of BCC, SCC, and normal skin, using
QRT-PCR. LCM was applied to each sample to isolate
RNA from tumor cells, adjacent/overlying epidermis, and

Table 1. Sequences of Primers and Probes for QRT-PCR

Gene Sense primer (5� 3 3�) Anti-sense primer (5� 3 3�) Probe

Amphiregulin 5�-AGGCCATTATGCTGCTG
GAT-3�

5�-TGTGGTCCCCAGAAAAT
GGT-3�

5�-CCTCAATGACACCTACTCT
GGGAAGCGTGA-3�

Betacellulin 5�-GGGAGATGCCGCTTCGT-3� 5�-TGCTCCAATGTAGCCTTC
ATCA-3�

5�-CCGAGCAGACGCCCTCC
TGTG-3�

EGF 5�-AATACCGTTAAGATACAGT
GTAGGCACTTTA-3�

5�-ATCACAACTCATTTTGG
CAAAATC-3�

5�-CTCCTCATTGGCGTGGTC
CATGCTGAT-3�

Epiregulin 5�-GGCTCCTTCATCGAATGC
TAA-3�

5�-CAGGATAAACGTAGAGGA
AGAACAGA-3�

5�-CCTTTGAGTAGAGTCTCC
CTGGATCACATACCA-3�

HB-EGF 5�-TGGCCCTCCACTCCTC
ATC-3�

5�-GGGTCACAGAACCATCCTA
GCT-3�

5�-CACCCACCTTTGCCACA-3�

TGF-� 5�-AGGACAGCACTGCCAGAGA
TG-3�

5�-CGACGGAGTTCTTGACAGA
GTTT-3�

5�-CTGTGCAGCCTTTTGTGGG
CCTTC-3�

36B4 5�-ATGCAGCAGATCCGCA
TGT-3�

5�-TTGCGCATCATGGTGT
TCTT-3�

5�-CGCGGGAAGGCTGTGG
TGCT-3�

ErbB1 Signaling in SCC versus BCC 2091
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stroma. For comparison, sun-protected buttock skin of
healthy individuals was dissected to isolate epidermis,
dermis, and appendages. As shown in Figure 1C, ErbB1

mRNA levels were similar in all studied compartments.
These results are in agreement with the data presented in
Figure 1, A and B, and Table 2, ie, alteration of ErbB1
expression is not a consistent feature of either SCC or
BCC.

ErbB1 Is Activated in SCC versus BCC
and Normal Skin

ErbB1 receptor activation is characterized by increased
tyrosine phosphorylation of the receptor, as well as sev-
eral other proteins that act as signaling intermedi-
ates.32,51 To estimate the activity of the ErbB1 receptor,
phosphorylation of tyrosine residue 1068 (Tyr1068) was
quantified by ELISA in shave debulkings of BCC and
SCC (consisting mainly, but not totally, of tumor cells) and
compared with that measured in sun-protected skin from
healthy controls. As shown in Figure 2, ErbB1 activation
levels were similar between BCC and normal skin. Inter-
estingly, activated ErbB1 levels were �2.5-fold higher in
SCC, compared with BCC or normal skin (P 	 0.05). In

Figure 1. ErbB1 expression is not altered in BCC and SCC, relative to normal skin. A: ELISA quantification of total ErbB1 protein in normal skin (n � 5), bulk
BCC (n � 9), and bulk SCC (n � 7). NS, nonsignificant versus normal skin. B: ErbB1 immunostaining in BCC and SCC. For each tumor type, one example of
relatively weak (BCC1 and SCC1) and one example of relatively strong (BCC2 and SCC2) ErbB1 staining of tumor cells are shown to illustrate the variability in
staining that was observed. Adjacent indicates clinically normal-appearing skin adjacent to and/or overlying the tumor. Original magnifications, �200. C: ErbB1
mRNA expression was quantified in microdissected normal skin (n � 4), BCC (n � 5), and SCC (n � 5) samples by QRT-PCR. White bars, normal epidermis (for
normal skin) or epidermis adjacent to tumor (for tumor specimens); gray bars, normal dermis (for normal skin) or tumor stroma (for tumor specimens); black
bars, normal epidermal appendages (for normal skin) or tumor cells (for tumor specimens). None of the differences was statistically significant.

Table 2. Semiquantitative Immunohistochemical Evaluation
of ErbB1 in BCC and SCC

Evaluator
Tumor
type

ErbB1

Tumor Epid* App†

1

BCC Avg 2.80 3.00 2.83
SEM 0.14 0.10 0.12
n � 15 15 15

SCC Avg 2.50 2.86 2.94
SEM 0.25 0.10 0.05
n � 11 11 9

2

BCC Avg 3.25 3.53 3.38
SEM 0.16 0.08 0.07
n � 16 17 16

SCC Avg 3.16 3.50 3.44
SEM 0.20 0.13 0.15
n � 11 11 9

*Asymptomatic overlying/adjacent epidermis.
†Noncancerous appendages (follicular structures).
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parallel, we attempted to localize activated ErbB1 in SCC
tissue sections by immunohistochemistry. Unfortunately,
we could not detect any signal using two different phos-
pho-ErbB1-specific antibodies either in tumor cells or in
adjacent/overlying epidermis, whereas EGF-stimulated
normal keratinocytes were positive (data not shown).

Expression of ErbB1 Ligand mRNAs in
Microdissected BCC and SCC

Because ErbB1 requires ligand binding for its activa-
tion,52–54 we quantified the expression of six ErbB1 li-
gands [AREG, betacellulin (BTC), EGF, epiregulin
(EREG), HB-EGF, and TGF-�] in BCC and SCC by QRT-
PCR. To this end, LCM was used to separate tumor cells,
adjacent/overlying interfollicular epidermis, and stromal
cells for each tumor specimen. Figure 3A shows ErbB1
ligand mRNA levels in BCC samples. Strikingly, we found
that AREG, EREG, HB-EGF, and TGF-� transcript levels
were markedly lower in tumor cells than in adjacent epi-
dermis. In parallel, BTC transcript levels were similar in
tumor cells versus adjacent epidermis, whereas EGF
mRNA levels were just above limit of detection in some
samples (depicted), and not detectable in others (not
shown). Interestingly, stromal cells were found to pro-
duce relatively large amounts of AREG and TGF-�
mRNAs along with lesser amounts of BTC and HB-EGF
mRNAs, despite the fact that this compartment lacks
epithelial elements.

As shown in Figure 3B, SCC tumors yielded a much
different outcome than did BCC tumors. All ErbB1 ligands
tested showed similar expression levels in SCC tumor
cells and adjacent epidermis. AREG, BTC, HB-EGF, and
TGF-� mRNAs were expressed at slightly higher levels in
SCC tumor cells than in adjacent epidermis, although
these differences were not statistically significant. Direct
comparison of Figure 3, A and B, shows that AREG,
EREG, HB-EGF, and TGF-� transcript levels were higher
in SCC tumors than in BCC tumors (26.2-, 11.2-, 4.1-, and
22.5-fold, respectively). These differences were markedly
and statistically significant (Supplemental Figure 1, see
http://ajp.amjpathol.org).

Expression of AREG, HB-EGF, TGF-�,
and BTC in Epithelial Compartment of Normal
and Cancerous Skin

Transcript levels of AREG, HB-EGF, TGF-�, and BTC
were then compared with those of normal skin epithelia,
ie, epidermis and appendages (hair follicles, eccrine,
and sebaceous glands) (Figure 4). It is interesting to note
that, in normal skin, AREG mRNA levels were 11-fold
higher in appendages as compared with epidermis (Fig-
ure 4A). HB-EGF and TGF-� levels were also significantly
higher in appendages relative to normal epidermis (Fig-
ure 4, B and C), whereas expression of BTC was signif-
icantly decreased in this context (Figure 4D).

AREG, HB-EGF, and TGF-� mRNA levels were higher
in asymptomatic epidermis adjacent to both BCC and
SCC, when compared with normal interfollicular epider-
mis. AREG mRNA levels were 9.1- and 14.6-fold higher in
epidermis adjacent to BCC and SCC, respectively, than
in normal epidermis (Figure 4A). In addition, AREG
mRNA levels were markedly increased in SCC tumors
(22-fold the levels of normal epidermis), whereas BCC
tumor cells expressed similar amounts of AREG mRNA
(0.8-fold) relative to normal epidermis. The HB-EGF
mRNA expression pattern was similar to that of AREG
(Figure 4B). HB-EGF transcript levels were 3.0- and 2.7-
times higher in adjacent epidermis of BCC and SCC,
respectively, relative to normal epidermis. SCC tumor
cells expressed 3.4-fold higher levels of HB-EGF mRNA

Figure 2. ErbB1 is activated in SCC versus BCC and normal skin. ELISA
quantification of ErbB1 phospho-Tyr1068 in normal skin (n � 5), bulk BCC
(n � 9), and bulk SCC (n � 7). *P 	 0.05 versus normal skin; ‡P 	 0.05
versus BCC. NS, nonsignificant versus normal skin.

Figure 3. Expression of ErbB1 ligands in microdissected BCC and SCC.
ErbB1 ligand mRNA levels were quantified by QRT-PCR in microdissected
adjacent epidermis (white bars), stroma (gray bars), and tumor cells (black
bars) for BCC (A) (n � 5) and SCC (B) (n � 4 to 5, except for EGF stroma
in which values were unreliable because of being below limits of detection
in two samples). *P 	 0.05 versus adjacent epidermis.

ErbB1 Signaling in SCC versus BCC 2093
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versus normal skin, whereas BCC tumor cells expressed
similar amounts of HB-EGF mRNA (0.8-fold) relative to
normal epidermis.

Figure 4C depicts TGF-� mRNA levels in epithelial
cells of BCC, SCC, and normal skin. TGF-� transcript
levels were, respectively, 2.0 and 2.7 times more abun-
dant in adjacent epidermis of BCC and SCC than in
normal epidermis. In addition, TGF-� mRNA levels were
overexpressed (4.9-fold) in SCC tumors versus epidermis
of normal skin. Expression of TGF-� in BCC tumor cells
was significantly reduced (78% reduction) relative to nor-
mal epidermis, which had a relatively high level of TGF-�
expression. Unlike AREG, HB-EGF, and TGF-�, BTC
mRNA levels were markedly and significantly lower in
adjacent epidermis of both BCC and SCC (74 and 79%
reduction, respectively), when compared with epidermis
of normal skin (Figure 4D). A similar reduction was noted
in BCC tumors relative to normal epidermis (�74%) and
in SCC tumors versus normal epidermis (�67%).

Erk1/2 and Akt Are Activated in SCC but Not
BCC Tumors

As additional surrogates for evaluation of ErbB1 acti-
vation in SCC and BCC, we assessed Erk1/2 and Akt

phosphorylation by immunohistochemistry. Erk1/2 and
Akt are phosphorylated upon ligand activation of
ErbB1, as it is the case in normal human keratinocytes
in vitro55,56 and in UV-treated human skin in vivo.57,58

Figure 5A presents phospho-Erk1/2 and phospho-Akt
staining in representative samples of BCC and normal
skin. Normal skin revealed faint nuclear staining for
phospho-Erk1/2 in the upper epidermal layers,
whereas phospho-Akt was uniformly stained in the
basal epidermal layer. In contrast, staining for both
phospho-Erk1/2 and phospho-Akt was stronger in
asymptomatic epidermis adjacent to BCC tumors,
whereas tumor cells were primarily negative for both
phospho-Erk1/2 and phospho-Akt. Control stainings
(isotype-matched IgG for phospho-Erk1/2 and peptide
preabsorption for phospho-Akt) were negative.

Figure 5B presents phospho-Erk1/2 and phospho-Akt
staining in a representative SCC. In this tumor, both tumor
cells and adjacent epidermis showed a very strong stain-
ing for phospho-Erk1/2 and phospho-Akt. In both cases,
the intensity of the staining was much greater for SCC
than for BCC. Phospho-Akt staining of adjacent epider-
mis was more discontinuous than was seen in normal skin
and extended to the lower suprabasal layers as well as
the basal layer.

Figure 4. AREG, HB-EGF, TGF-�, and BTC mRNA levels in epithelial compartments of normal and cancerous skin. mRNA levels for AREG (A), HB-EGF (B), TGF-�
(C), and BTC (D) were quantified by QRT-PCR in microdissected epithelial compartments of normal versus cancerous skin as indicated below the bars. *P 	 0.05
versus epidermis from normal skin; n � 3 to 5.
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Semiquantitative evaluation of phospho-Erk1/2 and
phospho-Akt were conducted by two blinded observ-
ers, as described in Materials and Methods. Results,
presented in Table 3, show that phospho-Erk1/2 and
phospho-Akt were similarly expressed in tumor versus
adjacent epidermis of SCC, whereas staining was sig-
nificantly more intense in adjacent epidermis versus
tumor cells of BCC. In addition, staining for phospho-
Erk1/2 and phospho-Akt was significantly higher in
SCC epidermis and tumor relative to BCC epidermis.
Interestingly, phospho-Akt was virtually absent in BCC
tumor.

Discussion

In the present study, we examined ErbB1 signaling in
cutaneous BCC and SCC. We used ELISA, LCM-coupled
QRT-PCR, and immunohistochemistry to assess ErbB1
receptor protein and activation levels, ErbB1 ligand ex-
pression, and activation of potential downstream effec-
tors in BCC and SCC tumors, including adjacent stroma
and epithelium. We show that although ErbB1 protein and
mRNA expressions were not consistently altered in either
primary BCC or SCC, ErbB1 activation, as measured by
Tyr1068 phosphorylation levels, was significantly higher in
bulk SCC relative to BCC and normal skin.

Our multiple attempts to localize phosphorylated (ie,
activated) ErbB1 by immunohistochemistry were unsuc-
cessful. These results are consistent with previous re-
ports indicating that it is much more difficult to document
ErbB1 tyrosine phosphorylation in skin than in EGF-stim-
ulated cultured keratinocytes.55–57 Alternatively, we mea-
sured ErbB1 ligand transcript levels by LCM-coupled
QRT-PCR and potential ErbB1 downstream effectors
(phospho-Erk1/2 and phospho-Akt) by immunohisto-
chemistry. Both strategies lead to similar results, ie,
ErbB1 signaling is different in BCC and SCC: although
both tumor types are characterized by increased ErbB1
signaling in asymptomatic adjacent epidermis, ErbB1
signaling is activated in SCC tumor cells but not in BCC
tumor cells.

During revision of this article, Fogarty and col-
leagues59 published a study in which they used Western
blotting using the LiCor immunofluorescence detection
system to quantify the expression and activation of ErbB1
in SCC of the skin. Results show that even using a rela-
tively sensitive Western blot detection technique, ErbB1
protein was detectable in only 43% of studied tumors,
and activated ErbB1 (as measured by phosphorylation of
Tyr1068), in only 24% of studied tumors. The use of ELISA
in our study has proven to be a much more sensitive
technique to quantify ErbB1 expression and activation,
because both were detected in all tested samples, in-
cluding normal healthy human skin.

ErbB1 is commonly overexpressed in a number of
epithelial malignancies and is often associated with an
aggressive phenotype.28–30 However, previous studies
of ErbB1 protein expression in BCC and cutaneous SCC
have yielded inconsistent results,39–47 which is conso-

Figure 5. Phospho-Erk1/2 and phospho-Akt immunostaining in BCC, SCC,
and normal skin. Phospho-Erk (left) and phospho-Akt (right) were revealed
by immunohistochemistry in BCC (A) and SCC (B) samples. In A and B,
negative control indicates isotype control antibody for phospho-Erk1/2 and
peptide preabsorption for phospho-Akt. In A, normal skin refers to sun-
protected buttocks skin from a different individual. In B, adjacent epidermis
appears irregular because of tangential sectioning.

ErbB1 Signaling in SCC versus BCC 2095
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nant with our findings of variable levels of RNA and
immunoreactive protein in both tumor types. Other recent
studies using quantitative techniques have also reported
an unaltered, albeit variable, expression of ErbB1 in BCC
and SCC of the skin.48,60 We could not find any evidence
for increased ErbB1 protein and mRNA expression in
either BCC or SCC samples (n � 9 to 16). Taken together,
these data suggest that overexpression of ErbB1 per se
is not a cardinal feature of either BCC or SCC.

Recently, Haider and colleagues60 performed microar-
ray analysis on cutaneous SCC tumors. These authors
reported an increased expression of EREG and TGF-�
mRNA in SCC when compared with normal skin, but no
change in AREG, HB-EGF, or BTC transcript levels. Sev-
eral points could explain this apparent discrepancy be-
tween this study and our results. First, the origin of the
samples is different: Haider and colleagues60 used bulk
SCC whereas we purified tumor cells by LCM. Second,
Haider and colleagues60 used “uninvolved skin at the
time of repair, after clear margins were achieved” as
normal skin. Our results demonstrate that epidermis ad-
jacent to tumor cells is different from normal epidermis, at
least in terms of ErbB1 signaling, and shows that asymp-
tomatic epidermis adjacent to SCC tumors expresses
amounts of AREG, HB-EGF, and BTC similar to those
expressed by the tumor cells themselves.

LCM-coupled QRT-PCR proved to be a powerful tool
for assessing ErbB1 ligand expression in skin samples.
The collected data allowed us to make several interesting
observations. First, EGF was expressed at very low levels
by all settings, as previously reported of Northern blotting
for keratome biopsies of normal epidermis61 and by QRT-
PCR of full punch skin biopsies of normal skin.50 Here, we
report that EGF expression is similarly low in BCC and
SCC samples. Second, we showed that mRNA expres-
sion levels of three ErbB1 ligands (AREG, HB-EGF, and
TGF-�) were significantly higher in normal appendages
compared with normal epidermis. Because all append-
ages found under a given length of epidermis were mi-

crodissected in this study, additional work will be neces-
sary to localize the source(s) of appendageal expression
of these ligands. Third, BTC was clearly different in its
expression pattern, compared with the remaining ErbB1
ligands. Its expression was the highest in normal skin
and, relative to this standard, was significantly decreased
in normal epidermal appendages, asymptomatic adja-
cent epidermis, and tumor cells of both BCC and SCC.
Expression of BTC was found to be reduced in psoriatic
lesions62 and in retinoid-treated skin,50 suggestive of an
inverse relationship between BTC expression and epider-
mal proliferation. Consistent with this interpretation, BTC
protein has been localized primarily to the differentiated,
nonproliferative spinous, and granular layers of normal
and psoriatic epidermis.62

This study did not undertake immunostaining of ErbB1
ligands themselves. However, abundant immunohisto-
chemical evidence exists to indicate that the mRNA pat-
terns observed here have valid correlates at the protein
level. For instance, overexpression of AREG has been
detected by immunohistochemistry in tumor cells of SCC
but not BCC.63 Moreover, overexpression of TGF-� has
been detected by immunohistochemistry in 86% of Bo-
wen’s disease cases (carcinoma in situ),64 with intense
focal staining in 40% of SCCs.65 Strong expression of
TGF-� has also been detected by immunohistochemistry
in appendages and upper layers of normal skin,66 with
higher expression in the upper epidermal layers con-
firmed by in situ hybridization.67 TGF-� has also been
observed in a range of appendageal tumors, with the
lowest expression being observed in primordial epitheli-
omas (ie, BCC).68 In addition, marked overexpression of
immunoreactive AREG and TGF-� proteins have been
reported in the hyperproliferative epidermis overlying
both BCC63 and SCC.69 HB-EGF protein has also been
detected by immunofluorescence in nonmelanoma skin
cancer such as BCC and SCC, although with no indica-
tion of its level of expression relative to normal skin.70 The
present study reveals, for the first time, quantification of

Table 3. Semiquantitative Immunohistochemical Evaluation of Erk, Phospho-Erk, and Phospho-Akt in BCC and SCC

Evaluator
Tumor
type

Total Erk1/2 Phospho-Erk1/2 Phospho-Akt

Tumor Epid* App† Tumor Epid* App† Tumor Epid* App†

1 BCC Avg 0.83�** 1.53 1.50 0.63�** 1.60 1.37 0.03�** 1.47 1.50
SEM 0.09 0.13 0.15 0.12 0.20 0.16 0.03 0.20 0.21
n � 15 15 15 15 15 15 15 15 15

SCC Avg 1.45 1.50 1.39 1.82 2.00 1.72 1.32 1.60 1.25
SEM 0.14 0.13 0.13 0.10 0.21 0.17 0.32 0.28 0.20
n � 111 11 9 11 11 9 11 10 8

2 BCC Avg 2.18‡ 2.79 2.53 1.44§¶ 2.41 1.93 0.07�** 2.74 2.67
SEM 0.19 0.16 0.14 0.26 0.19 0.15 0.05 0.22 0.27
n � 117 17 16 17 17 15 14 17 15

SCC Avg 2.48 2.75 2.42 2.41 2.64 2.17 1.73 2.00 1.85
SEM 0.22 0.20 0.19 0.28 0.28 0.30 0.41 0.29 0.37
n � 111 11 9 11 11 9 11 11 10

*Asymptomatic overlying/adjacent epidermis.
†Noncancerous appendages (follicular structures).
‡P 	 0.05, tumor versus overlying/adjacent epidermis.
§P 	 0.05, BCC versus SCC.
¶P 	 0.05, tumor versus overlying/adjacent epidermis.
�P 	 0.0005, tumor versus overlying/adjacent epidermis.
**P 	 0.0005, BCC versus SCC.
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the relative expression of these ligands in isolated cellular
compartments of skin tumors as well as of normal skin
and provides strong evidence that the growth factors
previously detected by immunohistochemistry are ex-
pressed in situ, rather than taken up from the circulation.

Activation of Erk1/2 and Akt signal transduction path-
ways, albeit being characteristic of ErbB1 activation, can
also result from activation of upstream signals other than
ErbB1. However, the intimate relationship of ErbB1 to
Erk1/2 signaling71 and the strong correlation of the local-
ization of ligands and phospho-Erk1/2 and phospho-Akt
provide further evidence for activation of ErbB1 in the
implicated tissue compartments. The near-total absence
of Akt phosphorylation in BCC tumor cells is remarkable
and may help to shed further light on signaling events in
BCC.

The marked activation of ErbB1 signaling in the
asymptomatic adjacent epidermis of both BCC and
SCC is of interest in the context of the role of the
microenvironment in the maintenance and progression
of tumors. The cellular environment of the tumor con-
sists of microvasculature,72 stroma,73 inflammatory
cells,74 and adjacent epidermal elements. The roles of
the first three of these in cancer biology have received
greater attention than the fourth one. We and others
have shown that the hyperplastic epidermis overlying
BCC expresses high levels of the hyperproliferative
keratins KRT6 and KRT16.75,76 These keratins have
long been considered to be markers for a regenerative
maturation program of epidermal differentiation in in-
terfollicular human skin.77,78 Both the KRT6 and KRT16
genes contain EGF-responsive elements in their pro-
moters.79 Although several other growth factors and
cytokines also regulate these genes,80,81 our results
raise the possibility that hyperactive ErbB1 signaling in
the nearby epidermis may make a significant contribu-
tion to the tumor microenvironment, either by encour-
aging microvascular proliferation via expression of
vascular endothelial growth factor,82 influx of inflam-
matory cells via chemokines such as interleukin-8,83 or
proliferation of stromal cells by ErbB1 ligands them-
selves. It is also possible that the asymptomatic adja-
cent epidermis may be altered by chronic sun expo-
sure and could contain actinic keratoses (AKs).
However, AKs are rarely seen in Mohs sections of BCC,
and even in these cases, the proportion of the adjacent
epithelium that is occupied by AKs is small. Although
the incidence of AKs in SCC Mohs sections is higher,
again the percentage of the adjacent epithelium that is
involved by AK is small. Therefore, the possible pres-
ence of AKs in our specimens is unlikely to explain
our results.

Our results demonstrate that ErbB1 signaling is acti-
vated in SCC tumor cells, but not in BCC tumor cells.
This suggests that SCC might be more responsive to
inhibition of ErbB1 signaling than BCC. Whether such an
approach would be a useful adjuvant or alternative to
surgical intervention is unclear and would need further
investigation.
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