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Abstract The AP-2 transcription factor plays a pivotal role in regulating the expression of several genes involved in
tumor growth and progression of melanoma. We determined, by Western blot, variation in the level of expression of AP-
2 and three of its downstream targets, c-kit, E-cadherin, and p21 in several human melanoma cell lines and, by
immunohistochemistry, in a group of 99 histological samples including benign and malignat melanocytic lesions. A
signi®cant negative correlation between AP-2 expression level and tumor thickness was found. Moreover, AP-2
expression was positively associated with E-cadherin and c-kit expression. In contrast, there was a signi®cant negative
association between AP-2 and p21 expression levels. These ®ndings suggest that p21 is independent of AP-2
transactivator function during the latest phases of melanoma progression. Finally, AP-2, c-kit, E-cadherin, and p21
expression levels did not show to be able to distinguish between dysplastic nevi and nevi without dysplasia. We
conclude that changes in the expression of these proteins are involved in the later phases of melanoma progression, and
may be responsible for the transition from local invasive melanoma to metastasis. J. Cell. Biochem. 83: 364±372,
2001. ß 2001 Wiley-Liss, Inc.
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Incidence and mortality of human melanoma
has increased considerably this century [Parker
et al., 1997]. Conversely, the increasing inci-
dence rate exceeds the mortality rate, appar-

ently because of detection of biologically early
primary melanomas, which are curable through
surgery [Newton Bishop, 1997]. Based on
clinical and histopathological features, several
steps of melanoma progression have been
proposed [Clark et al., 1984; Clark, 1991]. The
normal melanocytes in the common acquired or
congenital nevi give rise to dysplastic nevi,
which, upon further evolution become radial
growth phase melanoma (RGP). Tumor cell
proliferation and invasion of the dermis are
characteristic of the vertical growth phase
melanoma (VGP). Finally, local invasion is
necessary but not suf®cient to enable metasta-
sis. In recent years, concern has arisen about
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this model of progression, since either in-
dividual melanomas can skip steps in their
development, appearing without identi®able
intermediate lesions, or histologically bor-
derline lesions not invariably progress to in-
vasive melanomas [Mancianti et al., 1990;
Barnhill et al., 1993].

It is, therefore, clear that access to biological
markers of malignancy or invasion potential
would be very useful. Nevertheless, the mole-
cular changes responsible for the development
and stepwise progression of melanoma are still
unclear [Welch and Goldberg, 1997]. Many
candidates oncosuppressor genes and onco-
genes have been proposed. Among these the
AP-2 transcription factor, a 52-kDa DNA-bind-
ing protein, which has been shown to control
gene expression in neural crest and epidermal
cell lineages both during embryonic morpho-
genesis and adult cell differentiation [Imagawa
et al., 1987; Williams et al., 1988; Mitchell et al.,
1991]. Several data indicate that AP-2 play a
mayor role in tumor growth and metastasis of
human melanoma. AP-2 chromosomal location
(6p24-p22.3) has been reported to be a frequent
site of loss of heterozygosity in melanomas,
occurring around the RGP±VGP conversion
[Gaynor et al., 1991; Robertson et al., 1996]. In
fact, the progression of human cutaneous
melanoma is associated with loss of expression
of AP-2 [Bar-Eli, 1997]. Moreover, it has been
reported that overexpression of AP-2 in highly
metastatic melanoma cell lines inhibited their
tumor growth and metastatic potential in nude
mice [Luca et al., 1997]. Furthermore, de-
creased immunohistochemical AP-2 expression
was independently associated with an elevated
risk of subsequent metastatic behavior of stage I
cutaneous melanoma [Karjalainen et al., 1998].
Since several in vitro studies have shown that
AP-2 is involved in the transcription regulation
of various genes, it has been proposed that AP-2
controls melanoma growth and progression
through the activation or inhibition of several
downstream target genes [Bar-Eli, 1999].
Among these targets, the proto-oncogene c-kit
is a transmembrane tyrosine-protein kinase
receptor, whose normal function is required
for human melanocyte development [Yarden
et al., 1987]. Indeed, several recent studies have
demonstrated that the progression of human
cutaneous melanoma is associated with loss of
expression of c-kit [Lassam and Bickford, 1992;
Natali et al., 1992]. Furthermore, c-kit expres-

sion is highly regulated by AP-2 in human
melanoma cell lines and transfection of AP-2 in
melanoma cell lines down regulates the expres-
sion of c-kit [Huang et al., 1996, 1998]. The
adhesion molecule E-cadherin is involved in
determining melanocyte positioning in the skin
[Hennig et al., 1996]. It has been reported that
loss of E-cadherin is directly correlated with
melanoma progression and that AP-2 regulates
its transcription level [Cowley and Smith,
1996]. Finally, the cyclin-dependent kinase
inhibitor p21 has been suggested to have
tumor-suppressor activity in melanoma cell
lines and its transcription is also regulated by
AP-2 [Zeng et al., 1997]. Based on this observa-
tion, it has been hypothesized that AP-2 may
control cell cycle and tumor growth through p21
activation [Bar-Eli, 1999].

To the best of our knowledge, no previous
reports exist concerning the correlation
between the expression of AP-2 and its down-
stream targets in in vivo material. We therefore,
analyzed several human melanoma cell lines
using comparative Western blot, and a group of
99 samples, spanning from benign lesions to
melanoma metastases, using immunohisto-
chemistry, to quantify the expression of AP-2,
c-kit, E-cadherin, and p-21. The detected
expression levels were correlated to each other,
as well as with clinicopathological data, to
address the functional role of AP-2 in melanoma
growth and progression.

MATERIALS AND METHODS

Cell Lines

Human melanoma cell lines (BRNTT, MG3,
CAP, AQB, and IR-1) were established from
human melanoma metastases at the Regina
Elena Cancer Institute, and maintained in
culture in Dulbecco's modi®ed Eagle medium
(DMEM) containing 0.5 mg/ml gentamicin and
complemented with heat inactivated 10% fetal
calf serum at 378C in a 5% CO2-containing
atmosphere.

Western Blot

Western blotting on cell lysates was per-
formed, using a working dilution of 1:500 for
all the antibodies, as described previously
[RaschellaÁ et al., 1998]. HSP70 was detected
using a mouse monoclonal antibody (HSP01,
Oncogene Science).
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Patients

This retrospective study consists of a con-
secutive series of 53 clinical stage I±II±III
cutaneous malignant melanoma, 10 metas-
tases, and 36 cutaneous naevi with complete
histopathologic data available. The patients
were diagnosed and treated at the Second
University of Naples between 1990 and 1999.
The clinical staging of all tumors was per-
formed according to the International Union
Against Cancer. There were 99 valid immunos-
tainings for AP-2, E-cadherin, c-kit, and p21.
According to tumor thickness, cutaneous mela-
noma samples were divided as follows:
<0.76 mm (22 samples), 0.76±3 mm (15
samples), and >3 mm (16 samples). According
to presence or absence of dysplasia, naevic
lesions were divided as follows: dysplasic lesions
(26 samples), lesions without dysplasia (10
samples).

Histology

The formalin ®xed, paraf®n-embedded sam-
ples were sectioned at 5 mm and stained with
hematoxylin and eosin. The histologic diagnosis
as well as tumor thickness, according to Breslow
[1970] were re-examined.

Immunohistochemistry

Sections from each specimen were cut at
5±7 mm, mounted on glass, and dried over-
night at 378C. All sections were then deparaf®-
nized in xylene, rehydrated through a graded
alcohol series, and washed in phosphate-buf-
fered saline (PBS). PBS was used for all
subsequent washes and for antibody dilution.
Endogenous peroxidase activity was blocked
by 5% hydrogen peroxide. Then the sections
were immunostained with the streptavidin-
biotin system (Dako), using 3-amino-9-ethyl-
carbazide (AEC) as the ®nal chromogen and
hematoxylin as the nuclear counterstain.
The primary antibodies (Santa Cruz Biotech-
nology, CA) were applied at room temperature
for 1 h at the following dilutions: AP-2a (C-18)
at 1:200; E-cadherin (H-108) at 1:150; c-kit
(C-19) at 1:100; and p21 (F-5) at 1:100.
The optimal working dilutions were de®ned
on the basis of a titration experiment. Ne-
gative controls for each tissue section were
prepared by leaving out the primary antibody.
All samples were processed under the same
conditions.

Scoring and Quantitation of the
Immunoreactivity

Three observers (A.B., R.R., and F.B.) eval-
uated separately the staining pattern of the
proteins separately and scored each specimen
for the percentage of positive cells (1�<5% of
positive cells; 2� 5±15% of positive cells;
3� 15±30% of positive cells; 4�>30% of posi-
tive cells). The level of concordance, expressed
as the percentage of agreement between the
observers, was 91% (90 of 99 specimens). In the
remaining specimens, the score was obtained
after collegial revision and agreement. For all
immunostainings, the immunopositivity was
assessed as the percentage of positively stained
tumor cells within the entire tumor area.

Statistical Analyses

Descriptive statistics and analysis of fre-
quency where used to describe patients' char-
acteristics, tumor thickness, tumor site, and
expression of immunostaining indicators. Spear-
man's rank correlation was used to assess
relationship between ordinal data (correlation
matrix between immunostaining indicators,
correlation between AP-2, E-cadherin c-kit,
p-21, and tumor thickness). P values <0.05 was
regarded as statistically signi®cant. All statis-
tical evaluations were performed using STATA1

statistical software (Stata Corporation, College
Station, TX. http://www.stata.com).

RESULTS

Expression of AP-2 and Its Downstream
Targets in Human Melanoma Cell Lines

To study whether AP-2 expression level was
related to c-kit, E-cadherin, and p21 expression
in human melanoma cells, we ®rst examined the
status of these proteins in several established
human melanoma cell lines, derived from
melanoma metastases (see Materials and Meth-
ods). Western blot analysis showed that in four
out of ®ve of the cell line tested, an evident
overexpression of p21 was visible compared
to the expression level of AP-2, c-kit, and
E-cadherin (Fig. 1).

Immunohistochemical Expression Pattern of
AP-2 and Its Downstream Targets in

Human Melanoma Samples

It is important to investigate whether the
correlation found in established cell lines grown
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in vitro can also be observed in clinical mela-
noma tumor specimens. To this end we per-
formed immunohistochemical staining for all
the four examined proteins in a group of 99
clinical samples ranging from common nevi to
melanoma metastases. Melanoma patient char-
acteristics and histopathologic data have been
reviewed and listed in Table I.

AP-2 Expression

AP-2 staining was either nuclear or cytoplas-
matic. Compared to histologically normal adja-
cent epidermis, the lesions generally showed
much lower AP-2 expression levels (Fig. 2A±D).
The distribution of AP-2 expression into differ-
ent categories is listed in Table II. According to
AP-2 scoring, there was a signi®cant negative
correlation between AP-2 index and tumor
thickness (r�ÿ.6212; P< .001) (Table III).
AP-2 index had a signi®cantly positive associa-
tion with E-cadherin expression levels
(r��.7464; P< .001) and with c-kit expression
levels (r��.7846; P< .001) (Table IV). More-

over there was a signi®cant negative associa-
tion between AP-2 index and p21 expression
levels (r�ÿ.5887; P< .001) (Table IV). AP-2
index correlated inversely in metastases
(P�<.001). According to presence or absence
of malignant lesions, AP-2 index correlated
inversely with presence of malignant lesions
(P�<.001). AP-2 index did not show to be able
to distinguish between dysplastic nevi and nevi
without dysplasia (P� .852). Finally, according
to tumor thickness, AP-2 index did not correlate
with sex, edge, and anatomic site.

E-Cadherin Expression

E-cadherin staining was consistently asso-
ciated with the plasma membrane. Compared
with histologically normal adjacent epidermis,
all the lesions generally showed much lower
E-cadherin expression levels (Fig. 2E±F). The
distribution of E-cadherin expression into dif-
ferent categories is listed in Table II. Also for
E-cadherin expression, there was a signi®cant
negative correlation between E-cadherin index
and tumor thickness (r�ÿ.7558; P�<.001)
(Table III). The statistical analysis showed that
E-cadherin index had a signi®cantly positive

TABLE I. Melanoma Patients
Characteristic

Absolute
frequency

Percentage
frequency

Cumulative
frequency

Sex 27
Male 51

Female 26 49
Anatomic Site

Head and
neck

4 7.5

Trunk 26 49
Upper limbs 8 15
Lower limbs 15 28.5

Tumor thickness
<0.75 22 41.5 41.5
0.75±3 15 28.3 69.8
>3 16 30.2 100

Fig. 1. Western blot analysis of a representative panel,
showing AP-2, E-cadherin, c-kit, and p21 differential expression
in several human melanoma cell lines (1�BRNTT; 2�MG3;
3�CAP; 4�AQB; 5� IR-1). The amount of Heat Shock Protein
70 (HSP70) was used for normalization.

Fig. 2. Immunohistochemical analysis of AP-2 and its down-
stream targets in human melanoma. All the sections have been
stained as described in the Materials and Methods section: the
speci®c antibody stain is red. A: High expression of AP-2 in the
super®cial portion of a melanoma (Breslow> 0.75 mm)
(original magni®cation �100). B: Low expression of AP-2 in
the deep portion of the same tumor (original magni®cation
�100). C: Very low expression of AP-2 in a nodular melanoma
(Breslow>3 mm) (original magni®cation �100). D: Undetect-
able level of expression of AP-2 in lymph node metastasis of a
melanoma (original magni®cation �200). E: High expression
level of E-cadherin in a melanoma (Breslow<0.75 mm)

(original magni®cation �200). F: Undetectable level of ex-
pression of E-cadherin in a melanoma metastasis (original
magni®cation �400). G: High expression level of c-kit in a
melanoma (Breslow<0.75 mm) (original magni®cation �100).
H: Undetectable level of expression of c-kit in a melanoma
metastasis (original magni®cation �200). I: High expression
level of p21 in the deep portion of a nodular melanoma
(Breslow> 3 mm) (original magni®cation �200). J: High
expression of p21 in a melanoma metastasis (original magni®-
cation �400). [Color ®gure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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association with AP-2 expression levels and
with c-kit expression levels (r��.7114;
P< .001) (Table IV). Moreover there was a
signi®cant negative association between E-
cadherin index and p21 expression levels
(r�ÿ.6377; P< .001) (Table IV). E-cadherin
index correlated inversely in metastases
(P�<.001). According to the histological diag-
nosis, E-cadherin index correlated inversely
with presence of malignant lesions
(P�<.001). E-cadherin index was not able to
distinguish between dysplatic nevi and
nevi without dysplasia (P� .861). Finally,
according to tumor thickness, E-cadherin index
did not correlate with sex, edge, and anatomic
site.

c-Kit Expression

The staining of c-kit was always around the
plasma membrane. Also for this molecular
marker, compared with histologically normal

adjacent epidermis, the cutaneous lesions gen-
erally showed much lower c-kit expression
levels (Fig. 2G±H). The distribution of c-kit
expression into different categories is listed in
Table II. The statistical analysis showed a
signi®cant negative correlation between c-kit
expression and the thickness of melanoma
samples (r�ÿ.6918; P�< .001) (Table III). c-
kit index was signi®cantly associated with AP-2
and E-cadherin expression levels (Table IV), but
showed a signi®cantly negative association
with p21 expression levels (r�ÿ.6512;
P< .001) (Table IV). c-kit index correlated
inversely in metastases (P< .001) and, accord-
ing to presence or absence of malignant lesions,
correlated inversely with presence of cutaneous
melanoma (P< .001). c-kit index was unable to
distinguish between dysplastic and non-dys-
plastic nevi (P� .872). Finally, according to
tumor thickness, c-kit index did not correlate
with sex, edge, and anatomic site.

TABLE III. Spearman's Rank Correlation
Between AP-2, E-Cadherin, c-Kit, p21, and

Tumor Thickness

Parameter
Spearman's rank

correlation coef®cient P

AP-2 ÿ0.6212 <0.001
E-cadherin ÿ0.7558 <0.001
c-kit ÿ0.6918 <0.001
p21 �0.7126 <0.001

TABLE II. Expression of AP-2, E-Cadherin, c-kit, p21 in Cutaneous Malignant Melanomas
(Strati®ed by Thickness) and in Metastases

Immuno-
staining

<0.75 mm 0.75±3 mm >3 mm Metastases

Abs j Perc j Cum j Abs j Perc j Cum j Abs j Perc j Cum j Abs j Perc j Cum j

AP-2
0±5 (%) 0 0 0 0 0 0 6 37.5 37.5 8 80 80
6±10 (%) 10 45.5 45.5 12 80 80 10 62.5 100 2 20 100
11±20 (%) 11 50 95.5 3 20 100 0 0 100 0 0 100
>20 (%) 1 4.5 100 0 0 100 0 0 100 0 0 100

E-cadherin
0±5 (%) 0 0 0 3 20 20 10 62.5 62.5 9 90 90
6±10 (%) 6 27.3 27.3 10 66.7 86.7 6 37.5 100 1 10 100
11±20 (%) 14 63.6 90.9 2 13.3 100 0 0 100 0 0 100
>20 (%) 2 9.1 100 0 0 100 0 0 100 0 0 100

c-kit
0±5 (%) 0 0 0 9 60 60 12 75 75 10 100 100
6±10 (%) 17 72.3 72.3 6 40 100 4 25 100 0 0 100
11±20 (%) 5 22.7 95 0 0 100 0 0 100 0 0 100
>20 (%) 0 0 95 0 0 100 0 0 100 0 0 100

p21
0±5 (%) 2 9 9 0 0 0 0 0 0 0 0 0
6±10 (%) 18 82 91 3 20 20 2 12.5 12.5 2 20 20
11±20 (%) 2 9 100 9 60 80 7 43.75 56.25 6 60 80
>20 (%) 0 0 100 0 20 100 7 43.75 100 2 20 100

j� frequency; abs�absolute; perc�percentage; cum� cumulative.

TABLE IV. Spearman's Rank Correlation
Matrix (and Statistical Signi®cance) for

Molecular Markers. All Patients

AP-2 E-cadherin c-kit

E-cadherin R��0.7464
P< 0.001

c-kit R��0.7846 R��0.7114
P< 0.001 P< 0.001

p21 R��0.5887 R�ÿ0.6377 R�ÿ0.6512
P< 0.001 P< 0.001 P<0.001
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p21 Expression

The staining of p21 was always nuclear. In
contrast with the other molecular markers, the
cutaneous lesions generally showed higher p21
expression levels, if compared with histologi-
cally normal adjacent epidermis (Fig. 2I±J).
The distribution of p21 expression into different
categories is listed in Table II. The statistical
analysis performed showed a signi®cant posi-
tive correlation between p21 expression levels
and tumor thickness of melanoma samples
(r��.7126; P< .001) (Table III). p21 index
was signi®cantly negatively associated with
the other molecular markers (AP-2, E-cadherin,
and c-kit) in all samples (Table IV). Moreover,
p21 expression level did not show any signi®-
cant correlation in metastases (P� .706), but it
was signi®cantly positive correlated with pre-
sence of cutaneous malignant lesions (P< .001).
p21 index could not distinguish between dys-
plastic and non-dysplastic nevi (P� .470).
Finally, according to tumor thickness, p21
expression level did not correlate with sex, edge,
and anatomic site.

DISCUSSION

Several in vitro studies have shown that AP-2
is involved in the progression and metastasis of
human cutaneous melanoma through the reg-
ulation of several downstream targets [Bar-Eli,
1999]. Thus, it has been suggested that loss of
AP-2 expression is a crucial event in the
development of malignant melanoma, since
the suppression of endogenous AP-2 transacti-
vator function may inhibit melanoma cells to
respond to growth- and differentiation-regula-
tory signals [Buettner et al., 1993]. According to
this hypothesis, screening of human melanoma
cells in vitro for AP-2 protein expression has
shown that the majority of highly metastatic
cells express low to undetectable levels of AP-2
[Bar-Eli, 1997]. Furthermore, studies on the
expression of AP-2 on clinical samples have
shown that loss of AP-2 expression is associated
with malignant transformation and tumor
progression in stage I cutaneous melanoma
[Karjalainen et al., 1998]. Despite a wealth of
data about the correlation between expression
of the AP-2 transcription factor and expression
of several target genes in human melanoma cell
lines, (to the best of our knowledge) studies
looking at this correlation in clinical samples
have not been performed.

We focused our attention on c-kit, E-cadherin,
and p21 genes, whose transcription levels have
been shown to be, at least, in part, regulated by
AP-2 [Hennig et al., 1996; Huang et al., 1996;
Bar-Eli, 1997]. In the preliminary screening we
performed on several melanoma cell lines
derived from metastatic melanoma, we found
that AP-2, as well as E-cadherin and c-kit were
consistently down-regulated. On the contrary,
p21 was up-regulated. Starting from this obser-
vation, we looked at the immunohistochemical
expression of these four proteins in a group of 99
clinical samples, ranging from normal nevi to
melanoma metastases. Statistical analyses per-
formed on the immunohistochemical scores,
showed that AP-2 index was inversely corre-
lated with tumor thickness and metastases.
This result con®rms previous data [Bar-Eli,
1997; Karjalainen et al., 1998]. When we
compared the AP-2 index with the expression
levels of its putative targets in the same group of
clinical cases, we found that it had a signi®-
cantly positive association with E-cadherin
expression levels and with c-kit expression
levels. On the other hand, there was a signi®-
cant negative association between AP-2 index
and p21 expression levels. This trend con®rmed
the pattern we have observed in the cell lines.
Down-regulation of c-kit and E-cadherin during
the progression of human cutaneous melanoma
is a well known phenomenon [Natali et al., 1992;
Cowley and Smith, 1996]. Our results
strengthen the link between AP-2 and c-kit
and E-cadherin and gives further evidence for
AP-2 function as a tumor suppressor. Although
a positive correlation between AP-2 and p21
immunostaining in human malignant mela-
noma has been described, we found a signi®cant
correlation between p21 expression levels and
tumor thickness of melanoma samples and
consequently an inverse correlation between
AP-2 and p21 expression. The overexpression of
the cyclin-dependent kinase inhibitor p21 in
malignant melanoma compared to common
acquired nevi has been already described in
several studies. It has been suggested that high
levels of p21 may confer upon melanoma tumors
their known characteristic resistance to thera-
pies [Trotter et al., 1997; Sparrow et al., 1998;
Bales et al., 1999]. During progression of human
melanoma, the expression of p21 may become
dependent on other up-stream regulatory genes
such as p53 [El-Deiry et al., 1993]. However,
immunohistochemistry evaluates only the end
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product of gene expression. Comparative stu-
dies at protein, mRNA and DNA levels are
warranted in order to further address the
functional link between AP-2 and the other
proteins investigated.

Finally, the index of each of the four proteins
did not show to be able to distinguish between
dysplastic nevi and nevi without dysplasia.
However, it is reasonable to think that changes
in the expression of these proteins are involved
in the later phases of melanoma progression,
and possibly responsible for the transition from
local invasive melanoma to metastasis.
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