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ABSTRACT

Since tumor progression is dependent on the ability of malignant cells
to interact with the extracellular matrix, molecules on the cell surface
which mediate cell-substratum interactions are likely to be important
regulators of tumor invasion and metastasis. The purpose of this study
was to examine the distribution of one such group of cell adhesion
receptors, the integrins, in benign and malignant lesions of human melan-
ocytes. The distribution of integrin adhesion receptors was defined on
cells in culture derived from normal and malignant melanocytes and in
tissue sections from benign to increasingly malignant melanocytic lesions
using a panel of monoclonal antibodies against specific integrin subunits.
Cells in culture expressed a large variety of integrins, including all of the
previously characterized members of the 0, subfamily plus the Â«,//i,
vitronectin receptor. The expression of integrins was similar in cells
cultured from either benign or malignant lesions. In contrast, consistent
differences were noted in integrin expression by cells within tissues
containing metastatic and vertical growth phase melanomas when com
pared to radial growth phase melanoma cells and cells within nevi. Most
notably, the expression of the ÃŸ}subunit was restricted exclusively to
cells within vertical growth phase and metastatic melanomas. The pres
ence of this integrin may be important in the development of tumor
invasiveness and could be useful as a marker of melanoma cells entering
the more aggressive phase of the malignant process.

INTRODUCTION

The process of tumor invasion and metastasis requires com
plex changes in normal cell-cell and cell-substratum interac
tions (1,2). In order for tumor cells to migrate through adjacent
tissues and become invasive, normal cell contacts must be
broken and the cells must be able to attach efficiently to the
extracellular matrix proteins of the surrounding stroma (1).
The cellular receptors mediating these adhesive events are thus
likely to be important in tumor invasion and metastasis (2, 3).

One family of cell surface proteins that participates in cell
adhesion and migration is the integrins (4-7). Structurally, each
integrin is a heterodimer consisting of an Â«subunit noncova-
lently associated with a ÃŸsubunit. The receptor complex spans
the plasma membrane, linking the internal cytoskeletal network
of a cell with the external extracellular matrix (4). Specificity
for ligand binding is determined by the particular combination
of Â«and ÃŸsubunits. The integrins are divided into at least 5
subfamilies, each being defined by a common ÃŸsubunit (5). The
best characterized subfamilies are the ÃŸtsubfamily, which in
cludes receptors for laminin, fibronectin, and collagen; the ÃŸ2
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subfamily, found on leukocytes, which includes receptors me
diating cell-cell interactions; and the & subfamily, which in
cludes the platelet glycoprotein Ilb/IIIa complex and the "vi
tronectin" receptor which also binds fibrinogen, thrombospon-
din, and von Willebrand's factor (8, 9).

Data from in vitro and in vivo comparisons of control and
malignant cells have suggested that changes in integrin expres
sion accompany malignant transformation. However, no uni
form pattern of change has emerged. Rodent cells transformed
with Rous sarcoma virus (10), as well as basal cell or squamous
cell carcinomas (11), show a reduction in the expression of
integrins from the ÃŸ,subfamily. In contrast, chemically trans
formed, tumorigenic human osteosarcoma cells display an in
crease in ÃŸ,integrins when compared to nontumorigenic osteo
sarcoma cells (12). Other transformed cells show an alteration
in the distribution of integrins with no sign of changes in their
expression (13).

Despite the lack of consistent changes in the pattern of
integrin expression that correlate with tumorigenesis, func
tional studies suggest that integrins are important in the met
astatic process. Synthetic peptides containing the amino acid
sequence RGD1 (derived from one of the cell-binding domains

of fibronectin and other matrix proteins) that block the binding
of many integrins to their extracellular matrix ligands (14, 15)
inhibit the movement of human melanoma cells through an
amniotic basement membrane in an experimental model of
invasion (16). These peptides also reduce the number of met
astatic nodules found within the lungs of mice given B16F10
melanoma cells (17-19). Consistent with these studies is the
observation that antibodies against the /3.isubfamily of integrins
prevent the establishment of tumors when human melanoma
cells are implanted into nude mice (20). Finally, the overexpres-
sion of the fibronectin receptor, Â«5/3|,reduces the ability of
Chinese hamster ovary cells to form tumors in nude mice (21).

The purpose of this study was to examine the distribution of
integrins in a well-characterized system of human tumor pro
gression which results in the development of malignant mela
noma (22, 23). A panel of antibodies directed against specific
integrin subunits was used to characterize the integrin reper
toire of cells from human melanocytic neoplasms in cell culture
and in tissue sections. Since cultured cells explanted from all
stages of tumor development have been established and char
acterized (24-27), this approach provided the opportunity to
compare integrin expression of malignant cells in culture with
those in situ, as well as to monitor integrin expression during
tumor progression.

MATERIALS AND METHODS

Antibodies. Both Mabs and polyclonal antibodies directed against
various subunits of different integrin receptors were used for immuno-

' The abbreviations used are: RGD, Arg-Gly-Asp; Mab, monoclonal antibody:

SDS. sodium dodecyl sulfate: RGP. radial growth phase: VGP. vertical growth
phase: AEC. aminoethylcarbazole.
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INTEGRIN EXPRESSION IN MALIGNANT MELANOMA

precipitation. Only Malis were used for tissue staining. Mabs P1HS,
P IBS and P1D6 (recognizing Â«2,Â«3.and Â«5subunits, respectively) were
generously provided by Drs. Elizabeth Wayner and William Carter (28,
29). Dr. Martin Hemler kindly supplied the Mabs TS2/7 and B-5H10
directed against the Â«iand a, subunits, respectively (30,31). Dr. Arnoud
Sonnenberg donated the GoH3 monoclonal antibody directed against
the o,, integrin (32). Drs. Joel Bennett and James Hoxie provided the
SSA6 Mab that is directed against the ÃŸ,subunit and BIBS directed
against platelet glycoprotein lib (ai,b)(33). The Mab LM142, directed
against the vitronectin receptor a subunit (av), was donated by Dr.
David Cheresh (34). The polyclonal antibody raised against the 140-
kDa adhesion receptor complex in rat L6A cells which reacts against
integrins in the ÃŸ\and .f( subfamilies has been previously described
(35).

Cell Lines. Sixteen different cell lines derived from primary and
metastatic melanomas were examined. In addition, four lines of melan-
ocytes explanted from normal skin and congenital nevi were studied.
Cultured melanocytes were isolated from foreskins of newborn humans
as previously described (26). The human nevus and tumor cells used in
these studies have been characterized elsewhere (24-27). Cells were
routinely cultured in MCDB153/L-15 medium supplemented with fetal
calf serum, pituitary extract, insulin, and transferrin (26). In five cases,
melanoma cell lines derived from both the primary melanoma and a
metastatic lesion from the same patient were available.

Labeling of Cells. For I25Ilabeling, intact monolayers of cells in 25-
cm2 tissue culture flasks were washed with phosphate-buffered saline

and exposed sequentially to 100 units/ml of lactoperoxidase (Sigma
Chemical Co., St. Louis, MO), 1 mCi of carrier-free '"I (Amersham,
Arlington Heights, IL), and three 40-^1 aliquots of 0.06% hydrogen
peroxide. The cells were harvested and extracted as described below.

Cell Harvest and Nonidet P-40 Extractions. After being washed three
times with phosphate-buffered saline, labeled cells were extracted by
exposing the monolayers to 0.5-1.0 ml of 0.01 M Tris acetate buffer,
pH 8.0, containing 0.5% Nonidet P-40, 0.5 mM Ca2+, and phenylmeth-

ylsulfonyl fluoride at a 2 mM concentration. Cells were then scraped
from the vessel and the extraction continued for 20 min at 4Â°C.The

extract was centrifuged for 30 min at 12,000 x g and the resulting
supernatant used for immunoprecipitation.

Immunoprecipitation and Gel Electrophoresis. Nonionic detergent
extracts were preadsorbed for 30 min at 4Â°Cwith protein G conjugated

to Sepharose beads (Pharmacia, Piscataway, NJ). Fifty M'of the appro
priate antibody was then added to 100 id of the extract and the mixture
allowed to stand for I h at 4Â°C.Immunocomplexes were collected by
adsorption onto protein G Sepharose beads for l h at 4Â°C.The beads

containing the complex were washed 5 times with a buffer containing
50 HIM Tris HC1 (pH 7.5), 150 mM NaCI, 1% Triton X-100, 5%
deoxycholate, and 0.1% SDS. The beads were then suspended in an
electrophoresis sample buffer [62.5 mM Tris base, 2% SDS, 10%
glycerol (pH 6.8)]. The material eluted from the beads was analyzed by
SDS-polyacrylamide gel electrophoresis using 6% polyacrylamide gels
as previously described (35) under nonreducing conditions. Gels were
dried and exposed to Kodak XR-5 X-ray film at -70Â°C.

Origin and Classification of Tissue Samples. All tissue samples were
obtained from diagnostic or therapeutic biopsies taken from patients
in the Pigmented Lesion Group, Hospital of the University of Penn
sylvania. The samples were snap frozen in liquid nitrogen and stored
at -70Â°C until the time of sectioning. The biopsy specimens were

classified by standard histolÃ³gica! criteria (22, 23, 36) as belonging to
one of the following groups: benign nevus, primary melanoma (either
radial or vertical growth phase), or metastatic melanoma. Nevus cells
seen in the benign melanocytic nevus were found as collections of
cuboidal cells either in the dermis or at the dermal-epidermal junction
without any suggestion of nuclear atypia or inflammatory response.
Primary melanomas were divided into RGP or VGP (22, 23, 36). RGP
melanomas were defined as proliferations in the epidermis of moder
ately to severely atypical melanocytic cells with or without small clusters
of lesionai cells in the dermis without proliferation. The VGP primary
melanomas were invasive into the dermis in proliferative clusters or in
sheets and tended to show greater atypia than RGP cells. The VGP

melanomas formed clinically and histologically recognizable tumor
masses at the primary site and may therefore be considered "tumori-
genie" primary melanomas. Metastatic melanomas resembled the VGP

cells both histologically and cytologically, but these tumorigenic lesions
were found at sites distant from the primary lesion. Some specimens
revealed both the RGP and VGP compartments. In these cases, each
portion of the lesion was analyzed separately.

Immunohistochemistry. Cryostat sections 4- to 8-^m thick were
placed on poly-L-lysine-coated slides and fixed in -20Â°Cacetone for 10
min. The peroxidase-based Vectastain Elite ABC system (Vector Lab
oratories, Burlingame, CA) was used to detect the monoclonal anti-
integrin antibodies. In lesions with large amounts of brown melanin
pigment, the red AEC substrate was used for contrast. These sections
were lightly counterstained with Mayer's hematoxylin. For the less

pigmented nevus cells, diaminobenzidine was used as the the peroxidase
enzyme substrate without the use of counterstaining. Each lesion was
classified using the criteria described above and the degree of immu-
noperoxidase staining of the melanocytes or melanoma cells was graded
negative, weak staining, or strong staining. Staining was considered
positive for an entire lesion if 10% or more of the cells showed strong
staining. For reference purposes, the staining shown by the nevus cells
in Fig. 2, F and G, were graded as strongly positive, the nevus cells in
Fig. 2, C and D, as weakly positive, and the nevus cells in Fig. 2, H and
/, as negative. The percentage of cells positive with any of the monoclo
nal antibodies was visually estimated. Color slides were taken using
Ektachrome 64 indoor film. For black and white pictures, Kodak T-
MAX 400 film was used.

Statistical Analysis. The proportion of tumorigenic versus nontu-
morigenic lesions expressing ,-i,and Â«4integrin subunits were analyzed
using x2 analysis.

RESULTS

Integrin Expression by Cultured Melanocytes and Melanoma
Cells. To determine the integrin profile of melanocytes and
melanoma cells in culture, extracts of '"I-labeled cell of four

lines of normal melanocytes (established from fetal foreskin
and benign nevi) and 16 different tumor lines (isolated from
primary or metastatic melanomas) were subjected to immuno
precipitation. Examples of immunoprecipitations from one
nonmalignant melanocyte line (nevus cell line 1692) and one
malignant melanoma cell line (line 164) are shown in Fig. 1.
Two radioactive bands are seen in the immunoprecipitations
using monoclonal antibodies since antibodies specific for one
integrin subunit coprecipitate the associated subunit. Thus,
monoclonal antibodies against specific integrin a subunits co-
precipitated the common 120-kDa ÃŸtsubunit. Similarly, an
anti-av subunit monoclonal antibody coimmunoprecipitated the
95-kDa ft subunit (data not shown) and the anti-/33 monoclonal
antibody coprecipitated the 150-kDa av subunit. In the case of
nevus 1692 (Fig. 1, top), the major integrins detected were a,/3,,
a collagen/laminin receptor; a3/3,, a promiscuous receptor for
laminin, fibronectin, and collagen; <\Â«1,.a fibronectin receptor;
and atvÃŸs,a vitronectin receptor. No reactivity with an antibody
directed against the platelet glycoprotein lib was detected.
Cultured cells derived from the metastatic melanoma 164 ex
pressed more integrins (Fig. 1, bottom) than did the nevus cell
line 1692, including all the integrins found on the melanocytes
plus the a2/81collagen/laminin receptor and 0:4/3,,a receptor
shown to bind to a non-RGD containing region of fibronectin
(37) and function in cell-cell interactions (38).

These comparisons suggested that differences between me
lanocytes and melanoma cells in culture might exist. However,
when the immunoprecipitation data from all 20 cell lines were
examined (Table 1), no consistent differences between benign
and malignant cells types could be detected. There was clearly
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INTEGRIN EXPRESSION [N MALIGNANT MELANOMA

CT2 03

205 â€”

97 â€”

69 â€”

Nevus

205 â€”

97 â€”

69 â€”

Melanoma
Fig. 1. Immunoprecipitation of Â¡ntegrinsubunits from cultured melanocytes

and malignant melanoma cells. Nonionic detergent extracts from '"I-labeled
melanocytes derived from a nevus (top) or a metastatic melanoma (bottom) were
immunoprecipitated as described in the "Materials and Methods" using mono
clonal antibodies directed against five integrin a subunits or the ÃŸ,subunit. Lane
P (Pan-integrin), immunoprecipitation with a polyclonal antibody which reacts
with all integrins from the 0, and /i3subfamilies. Each lane is designated according
to the integrin a or f) subunit that reacted with the monoclonal antibody used in
the immunoprecipitation. Ordinate, positions and size of molecular mass markers
in kDa.

Table 1 /ntegrin expression in cell lines
The distribution of integrin expression in cell lines derived from various types

of melanocytic tissues was determined by immunoprecipitation of extracts from
12!I-labeled cells using a panel of antibodies. The amount of integrin expression

was graded as being present in large amounts (â€¢),being present in trace amounts
(*), or being nondetectable (O).

IntegrinsubunitTissueMelanocyteFM

713FM
624Nevus1692*1559Melanoma278

(P)c1
f\\ 7i\A\10 1 / \ IVI)983A

(P)c983B

(M)115(P)C239A(M)1361A(P)C1361C(M)75

(P)'373

(M)902B

(P)793
(P)1

(\A? 1\Jf\IO^t \ IVIf451

(M)852
(M)853-2

(M)*

O4*
*iâ€¢

OÂ«*
*4â€¢

*iâ€¢

*4â€¢
*4O

*4â€¢
*4O

*4â€¢

â€¢4â€¢

*4â€¢
*4â€¢

O4*
O4O

*4â€¢

â€¢4â€¢
* 4Â»O*4Â»Â»

ND Oâ€¢1

O â€¢â€¢Â»
ND *â€¢Â»

â€¢ *â€¢I

â€¢ *â€¢Â»
* *â€¢Â»

â€¢ Oâ€¢Â»
â€¢ *â€¢Â»

* *â€¢Â»
â€¢ *â€¢Â»

* *â€¢Â»
O *â€¢Â»

' Oâ€¢Â»

â€¢ oâ€¢Â»

* O4Â»Â»
* *â€¢Â»

â€¢ O â€¢
Â°Anti-VNR, polyclonal antibody against the vitronectin receptor; ND, not

determined; P, cells explanted from primary malignant melanomas; M. cells
explanted from metastatic malignant melanomas.

* Nevus cell line pictured in Fig. 1.
' Cell lines explanted from a primary and malignant lesion obtained from the

same patient.
d Melanoma cell line pictured in Fig. 1.

a high degree of heterogeneity in integrin expression among
cell lines. The principal integrins expressed by all the cultured
cells were a}ÃŸ,and avÃŸ3.The 01,81collagen/laminin receptor
was expressed by many of the melanoma cells and by one of
the nevus cell lines at relatively high levels. There was consid
erable variation in the expression of other integrins. Most cells
expressed only trace levels of the classical fibronectin receptor,
otsÃŸi,or the collagen/laminin receptor, a2ÃŸi.The frequent
expression of a4ÃŸtby melanoma cells is particularly interesting,
since this integrin has been shown to be involved in cell-cell
interactions and could thus possibly play a role in endothelial
cell adhesion and extravasation of metastatic cells.

Expression of Integrins on Normal and Malignant Cells in
Tissue Sections. The fact that no consistent differences between
tumorigenic and nontumorigenic cells in culture were noted did
not rule out the possibility that such a difference existed in
tissue. Therefore, the integrin profiles of melanocytes and mel
anoma cells in tissue were compared by immunoperoxidase
staining of cryostat sections from 42 different lesions repre
sentative of different stages of melanoma progression including
benign nevi, RGP primary, VGP primary, and metastatic mel
anoma (see "Materials and Methods" for details of tumor

classification).
The integrins expressed by cells within each cryostat section

were determined using antibodies specific for the a subunit of
6 receptors in the ÃŸtintegrin subfamily, the a subunit of the
vitronectin receptor (av), and the ÃŸisubunit. An example of the
staining pattern of skin containing a benign congenital nevus is

illustrated in Fig. 2. The staining in the epidermis (arrows) was
primarily confined to the basal layers. The keratinocytes stained
strongly for the a2 (Fig. 2B), a., (Fig. 2C), and Â«6(Fig. 2F)
subunits. There was some expression of a, (Fig. "LA)and av

(Fig. 2G), but staining with antibodies against c*4(Fig. 2D), as
(Fig. IE), and 0, (Fig. 2H) did not exceed the background noted
in control sections stained with an antibody against an irrele
vant antigen (Fig. 21).

The staining pattern of a benign melanocytic nevus (an ex
ample of one of six benign melanocytic nevi studied in detail)
is also seen in the same sections (Fig. 2). The nevus cells
(arrowheads) strongly expressed a6 (Fig. 2F) and av (Fig. 2G).
The expression of a, (Fig. 2A) was less intense and roughly
equivalent to that of the basal keratinocytes in the same section.
Some expression of a2, a}, and a4 was noted (Fig. 2, B, C, and
/)). but staining was less intensive and patchy in its distribution.
On average, 40% of the cells within a given nevus (n = 6) were
graded as positive for Â«2and 28% for a.,. The nevus illustrated
in Fig. 2 was the only one of six to show Â«4staining, with
approximately 30% of the nevus cells in the deeper regions of
the dermis being positive. Staining of sections from all six nevi
for Â«5and ÃŸ3(Fig. 2, E and //) did not exceed that of the
nonspecific background noted in the control sections (Fig. 21).

In general, the expression of the ÃŸ,integrins by RGP (n =
6), VGP (n = 5), and metastatic cells (n = 5) was qualitatively
similar to that of nevus cells (data not shown). The aÂ¡and Â«6
subunits were consistently present on all of the malignant cells.
The expression of the a2 and a3 subunits remained somewhat
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INTEGRIN EXPRESSION IN MALIGNANT MELANOMA

A

â€¢-.> .j:

y

.4

Fig. 2. Tissue distribution of intcgrins in normal skin and a congenital nevus. Frozen sections of a portion of skin containing a congenital nevus were exposed to
monoclonal antibodies directed against one of six a subunits in the J, subfamily of integrins. the <>,and iiÂ¡subunits. and a control antibody. The sections were then
treated with biolinylaled anti-mouse IgG, exposed to avidin-pcroxidasc complexes, and reacted with diaminobenzadine as the chromagen to identify cells reacting
with the monoclonal antibodies. No counterslaining was used. The staining pattern of the basal layer of keratinocytes in the epidermis (arrows) can be contrasted
witb (hat of the nevus cells which are infiltrating the underlying dermis (arrowheads). Bar, 100 iim. A. anti-en; B, anti-Â«2;C, anti-Â«j;D. anti-<Â«4;Â£,anti-Â«5;F, anti-Â«6;
C. anti-ii,; //. anli-^i; /. control. Dark areas at the basal layer of the epidermis in sections 1), E, H, and / (arrows) represent melanin deposition in contrast to the
diffuse cellular staining seen in sections A, B, C, F, and Ã­Â¡.

heterogeneous, but the percentage of cells within a given lesion
that were positive for the a2 (78% of cells) and Â«.,(73% of cells)
subunits was higher than in the nevus tissues. The Â«5fibronectin
receptor was found in only three samples (two VGP lesions and
one metastasis). There appeared to be a difference between the

nontumorigenic (nevus and RGP melanomas) and tumorigenic
(VGP and metastatic melanomas) lesions with regard to the
expression of the Â«4subunit. On our initial survey, the a4
subunit was expressed in a focal distribution on approximately
half of the VGP and metastatic tumors but on only one RGP
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INTEGRIN EXPRESSION IN MALIGNANT MELANOMA

melanoma and one of the nevi. Because of this difference, we
screened an additional 6 nevi, 7 VGP lesions, and 6 metastatic
tumors for the presence of the Â«4subunit. As shown in Table
2, only 2 of 18 (11%) of the nontumorigenic lesions expressed
the a4 subunit as compared with 9 of 23 (39%) tumorigenic
neoplasms. This difference was significant at the P < 0.05 level.

The most striking difference noted between tumorigenic and
nontumorigenic lesions was the marked contrast in expression
of the ft subunit. Whereas the cells from nevi, RGP, VGP, and
metastatic lesions all stained strongly with anti-Â«vantibody,
only tumorigenic VGP and metastatic melanoma cells ex
pressed the ft, subunit. The benign melanocytic nevus and
nontumorigenic RGP primary melanoma uniformly failed to
express this subunit. Sections selected from each of these path
ological classifications, stained with a monoclonal antibody
(SSA6) specific for the ft, subunit are shown in Fig. 3. The
loosely packed cluster of cells within the nevus failed to react
with this antibody (Fig. 3/4). Likewise, the cluster of melanoma
cells within the nontumorigenic RGP primary melanoma did

Table 2 Expression of integriti subunils in melanocytic tissue

Integrin subunit

TissueNevus

RGP primar) melanoma
VGP primary melanoma
Metastatic melanomaCt41/6(30)"

1/12 (80)
4/12 (55 Â±8)
5/11 (78 Â±6)0,0/9

0/12
8/10(61 Â±9)

11/11 (66Â± 15)
" Numerator, number of lesions where at least 10% of the cells demonstrated

strong staining by immunohistocytochemistry; denominator, number of lesions
examined; numbers in parentheses, percentage of cells (Â±SD)within each lesion
that reacted with a given antibody.

not react with this antibody (Fig. 3Ã„).In marked contrast, VGP
cells and metastatic cells stained strongly with this antibody
(Fig. 3, C and D). No staining was observed using an antibody
against the <>ni,subunit which is found in association with J, in
platelets (data not shown).

Fig. 4A is an overview of a complex primary melanoma that
contained regions of invasive VGP cells (left), as well as regions
of RGP cells (right), confined to the epidermis and papillary
dermis. The positive reaction with the anti-ft, monoclonal an
tibody was evidenced in the areas showing red and was limited
to cells within the VGP portion of the tumor. The red of the
positive AEC-staining cells could easily be distinguished from
the brown of the melanin-containing tumor cells. Although
many of these VGP cells expressed the ft, integrin receptor,
heterogeneity of staining was apparent. At lower magnification
(Fig. 4A) certain regions within the VGP portion of the lesion
were clearly reactive with antibodies against ft, integrins, while
other regions showed more heterogeneity in their staining pat
tern. When examined at higher magnification (Fig. 4B), heter
ogeneity was still apparent, but positively staining cells could
be readily detected. This heterogeneity was also seen in other
lesions examined. Between 30 and 90% of the cells within a
single VGP or metastatic lesion reacted with monoclonal anti
bodies specific for ft, integrins. All cells within the RGP por
tions of this same lesion (Fig. 4C) consistently failed to show
any reactivity with the anti-ft, Mab. The brown is due to the
melanin produced by these cells.

Because of the striking differences in ft, expression between
nontumorigenic and tumorigenic melanocytes, we expanded
our initial survey to include 42 lesions. These results are sum-

Fig. 3. Tissue distribution of li, integrins in
melanotic lesions. Frozen sections were
stained with an unii--)* integrin subunit mono
clonal antibody and counterstained by the im-
munoperoxidase technique using the red AEC
chromagen to distinguish reactivity from the
brown of melanin (see "Materials and Meth
ods"). Bar, 100 Â¿im.A, congenital nevus (ar

rowheads); B, radial growth phase of a lentigo
maligna melanoma containing keratinocytes
and and a few neoplastic melanocytes (arrows);
C, vertical growth phase primary melanoma;
D, metastatic melanoma. There is no reactivity
against nevus cells, radial growth phase mela
noma cells, or keratinocytes (A and B). In
contrast, vertical growth phase cells and met
astatic melanoma cells show evidence of red
indicating reactivity with the am Â¡-.Â¡,monoclo
nal antibody (C and D).
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INTEGRIN EXPRESSION IN MALIGNANT MELANOMA
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Fig. 4. Distribution of ff3 integrins within a complex primary melanoma.
Frozen sections of a complex primary melanoma were stained with the anti-pij
monoclonal antibody and counterstained by the immunoperoxidase technique
using the red AEC chromagen (see "Materials and Methods") to contrast with

the brown melanin pigment. In A, lesion presents with a VGP nodule that elevates
the epidermis (left). The nodule is contiguous with a flat RGP (right); bars, 500
tim. Insets, approximate location of fields depicted in Fig. 3. B and C; bar, 100
iÂ¡m.In B, VGP cells contain both brown melanin and red AEC chromagen,
indicating reactivity with the anti-/33 monoclonal antibody. In C, RGP cells
contain only brown melanin pigment and no red, indicating negative reactivity
with the anti-/J3 Mab.

marized in Table 2. Zero of 9 nevi and 0 of 12 RGP lesions
expressed the ÃŸ,subunit. In contrast, 8 of 10 VGP lesions
(80%) and 11 of 11 (100%) metastatic melanomas stained
positively with anti-/33 antibody. The difference between tumor-
igenic versus nontumorigenic /33integrin expression was highly
significant (P < 0.001).

DISCUSSION

The interaction of tumor cells with extracellular matrix has
long been suspected as an important component of tumorigenic-
ity and metastasis (reviewed in Refs. 1 and 3). A comparative
analysis of specific cell-matrix adhesion receptors, such as the
integrins, present on tumor cells and nontransformed cells may
thus be important to our understanding of tumor progression.
A number of investigators have begun to study the types and
functions of integrins on a variety of tumor cells in culture and
have found various changes in integrin expression or function
(see "Introduction"). However, to date, no studies have com
prehensively examined the distribution of integrins in a well-
defined system of tumor progression or compared in vitro to in
situ integrin expression. Because the development of melano
mas takes place in well-defined steps (22, 23), and these cells
are easily grown in culture, this system is ideally suited for
meaningful comparative studies of integrin expression.

Melanocytes and melanoma cells in culture expressed a wide
variety of integrins. These included all of the known ÃŸ,or VLA
subfamily of integrins plus aÂ»//8j.Examination of Table 1
highlights the heterogeneity of integrin expression observed
among various cell lines. Although all cells produced readily
detectable amounts of the the <*3,av, and ÃŸ}subunits, the
expression of other integrins was quite variable. Because of this
heterogeneity, it was difficult to identify clear differences be
tween the integrin repertoire of melanocytes derived from nor
mal skin and nevi compared with those derived from primary
or metastatic melanomas, with the possible exception of an
increased expression of the ctt subunit on cells derived from
malignant tumors. Although the significance of this difference
is unclear due to the limited number of nonmalignant cell lines
studied, the presence of the oj/ÃŸiintegrin on melanoma cells
in culture and in tissues is especially interesting, since this
receptor (also known as VLA-4) has been implicated in cell-cell
adhesion. The ligand for VLA-4 is an endothelial cell surface
protein, VCAM-1 (vascular cell adhesion molecule-1 ) (37, 38),
that appears to be similar or identical to INCAM-110, a recently
described inducible endothelial cell surface glycoprotein that
mediates the adhesion of certain human melanoma cell lines to
cultured endothelium (39). The presence of a4ÃŸ,on some of the
cultured human melanoma cell lines studied here and on about
one-third of the malignant melanoma cells in tissues supports
the idea that it may play a role in the metastatic process,
although the absence of this receptor on many cell lines and
tumors indicates that it is not necessary for metastasis.

Some of the integrins reported here have also been noted by
others studying individual melanoma cell lines, both human
and murine in origin. Among the integrins expressed in these
lines were a,/ÃŸ,and a2/ÃŸt(40), a4/ÃŸ,(41), and at/ÃŸ,(42), as
well as the /33and av subunits (8). These results, taken with
those reported here, support the diverse pattern of integrins
expressed in culture.

Since the expression of many cell surface proteins is markedly
altered by the process of tissue culture (26), it was important to
establish the relationship between the distribution of of inte
grins on cells in culture versus those that reside in tissue. The
most important finding of this study was the contrast in expres
sion of the ÃŸ3integrins by benign melanocytes and melanomas
in the radial growth phase (nontumorigenic lesions) versus those
melanoma cells in tumorigenic lesions, i.e., the vertical growth
phase of primary melanoma or metastatic tumors. Cells within
almost all of the VGP and metastatic lesions expressed the /33
integrin, while benign melanocytes and cells within RGP mel
anomas did not. In every positive case, between 30 and 90% of
cells within a given lesion stained strongly for the ÃŸjsubunit.
This pattern of heterogenous expression was in contrast to the
more uniform expression of the ÃŸtsubfamily of integrins by
epidermal cells but was similar to the the patchy distribution of
the a2 and a3 subunits by melanomas and melanocytes. Al
though the reason for the heterogeneity of /33receptor expres
sion is not known, heterogenous expression of tumor antigens
has been well described in malignant melanoma (43) and many
other tumors (44, 45).

These findings agree with and extend those of McGregor et
al. (46) who found binding of an antibody directed against the
platelet glycoprotein Ilb/IIIa complex in 16 of 21 (75%) frozen
melanoma tissues compared with no binding in J5 cryostat
sections containing normal melanocytes in skin or nevi. Since
glycoprotein lib is found exclusively on platelets, it seems likely
that the antibody used by these investigators was identifying
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INTEGRIN EXPRESSION IN MALIGNANT MELANOMA

the |S3subunit. Taken together, these observations emphasize
the importance of studying the distribution of cell surface
receptors, such as the integrins, on cells in their "natural," i.e.,

in situ, environment, and support the observation made here
that the expression of the ÃŸjsubunit is common in invasive
melanomas.

RGP and VGP tumors behave in a well-defined and predict
able manner (47). The radial growth phase is characterized by
indolent but inexorable growth and by a propensity to progress
to vertical growth phase. Although RGP melanomas may be
invasive, they do not form nodules in the dermis, they do not
metastasize to distant sites, and they are not capable of causing
metastatic tumors in nude mice (36,47). Survival, upon excision
of tumors at this stage is 100%. Clinically, only those melano
mas that express VGP characteristics have the capacity for
metastasis (47). Since the distinction between early VGP and
RGP can be difficult, the expression of the ÃŸ3subfamily of
integrins by melanoma cells with tumorigenic potential could
be useful as a marker of cells entering this phase of malignant
progression.

In contrast to the selective expression of the ÃŸ3subunit by
VGP and metastatic melanomas, the t*vsubunit was strongly
expressed on all tissues (Fig. 2G). This suggests that the av
subunit associates with a different ÃŸsubunit in normal melan-
ocytes and nevi. The ability of the aÂ»subunit to combine with
alternative ÃŸsubunits is well documented (48-50). One notable
difference between the a,/ÃŸ3receptor and the other av-contain-
ing receptors is that only the av/33receptor has the ability to
bind to fibrinogen. This property may somehow be important
in the process of tumor progression.

Whether the expression of a receptor containing the ÃŸ}sub-
unit contributes to the capacity of melanoma cells to invade
matrix and blood vessels is not known. It is possible, however,
that the possession of this additional adhesion receptor allows
the cells to move more freely within the mesenchymal stroma
during tumor formation and invasion or bind more readily to
the endothelial lining of blood vessels during the metastatic
process. Evidence that this integrin subfamily may be important
in tumor implantation and growth has recently been provided
by Boukerche et al. (20) who have inhibited the growth of a
human melanoma cell line in nude mice using an antibody with
reactivity against the ÃŸ3subunit of the vitronectin receptor.
Further evidence that the av/33receptor may be important in
metastasis is provided by studies which have shown that pep-
tides containing the RGD sequence are able to inhibit both
melanoma tumor cell invasion (16) and the development of
experimental mÃ©tastasesby murine melanomas (17-19).

In summary, this study has demonstrated that melanoma
cells in culture and in tissue express a wide variety of integrins
in a relatively heterogenous pattern. However, the expression
of the ÃŸ3subunit in tissue sections was restricted exclusively to
tumorigenic melanoma cells. This suggests that the presence of
this receptor may be important for the development of tumor
invasiveness and could be useful as a marker of melanoma cells
entering the more aggressive phase of the malignant process.
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