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Expression of the b3 subunit of the avb3 vitronectin
receptor on melanoma cells is associated with tumor
thickness and the ability to invade and metastasize. To
address the role of avb3 in the complex process of
progression from the nontumorigenic radial to the
tumorigenic vertical growth phase of primary mela-
noma, we examined the biological consequences of
overexpressing avb3 in early-stage melanoma cells
using an adenoviral vector for gene transfer. Overex-
pression of functional avb3 in radial growth phase
primary melanoma cells 1) promotes both anchor-
age-dependent and -independent growth, 2) initiates
invasive growth from the epidermis into the dermis
in three-dimensional skin reconstructs, 3) prevents
apoptosis of invading cells, and 4) increases tumor
growth in vivo. Thus, avb3 serves diverse biological
functions during the progression from the nontu-
morigenic radial growth phase to the tumorigenic
and invasive vertical growth phase primary mela-
noma. (Am J Pathol 1998, 153:1435–1442)

The easy accessibility and long-term clinical and his-
topathological observation of cutaneous melanoma has
led to the definition of five major steps of tumor progres-
sion in the human melanocytic system. The lesions rep-
resenting each step are common acquired nevus, dys-
plastic nevus, radial growth phase (RGP) primary
melanoma, vertical growth phase (VGP) primary mela-
noma, and metastatic melanoma.1,2 The common ac-
quired nevus is composed of nests of mature melano-
cytes. Increasing levels of cytological and architectural
atypia and aberrant cell growth are observed in dysplas-
tic nevi. The RGP primary melanoma is the first recogniz-
able malignant step, but the malignant cells grow only
within or in close proximity to the epidermis and they do
not have competence for metastasis.2 Eventually, cells
acquire the ability to invade deeply into the dermis (VGP),
a stage that is associated with metastatic dissemination

and dependent on tumor thickness, mitotic index, and
degree of lymphocytic infiltration.2,3 Thus, the conversion
of primary melanomas from RGP to VGP is the most
critical step in melanoma progression and ultimately in
disease outcome.

The successful isolation and in vitro propagation of
cells derived from different stages of progression has
provided an excellent experimental model for studying
tumor progression.4–8 Cultured cells from RGP and VGP
progression stages have biological properties that reflect
the stage in vivo. Cells with RGP-like phenotype 1) require
complex media containing several growth factors for con-
tinuous proliferation in culture due to their limited autoex-
pression of growth factors,7 2) do not grow in soft agar or
form very few colonies,4,7 3) show a heterogeneous re-
sponse to keratinocyte-mediated control of growth and
regulation of cell surface receptor expression,9 and 4)
are nontumorigenic or grow very slowly in immunodefi-
cient nude or SCID mice to a small tumor mass (,150
mg) over 3 to 4 months.7 These results are consistent with
analyses from patients indicating that RGP primary mel-
anoma cells have a nonmalignant phenotype relatively
similar to precursor cells.3 However, RGP primary mela-
noma cells are clearly distinguished from normal mela-
nocytes or nevus cells by prolonged survival in culture or,
as we have demonstrated with seven cell lines, by indef-
inite growth.7 Most, but not all, cell lines are also inde-
pendent of basic fibroblast growth factor (bFGF) and the
phorbol ester TPA for growth and survival.7

In contrast to cells from RGP lesions, those with a
VGP-like phenotype are readily adapted to growth in
tissue culture8 and need, at most, one growth factor
(insulin-like growth factor (IGF)-1 or insulin) for prolifera-
tion.10 VGP cells express a variety of growth factors for
either autocrine or paracrine stimulation11 and readily
adapt to growth in growth-factor-free medium, leading to
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increased invasiveness through basement membranes in
vitro and metastasis formation in vivo.12 VGP cells also
form colonies in soft agar,4 do not respond to growth
control by keratinocytes,9 and are tumorigenic in immu-
nodeficient mice, with continuous local growth until the
host dies.5,13

Integrins constitute a family of membrane glycopro-
teins that are responsible for cell-extracellular matrix and
cell-cell adhesion. Accumulating evidence points to the
role of integrins as signal transducers in a variety of
cellular events, including migration, proliferation, survival,
invasion, differentiation, and matrix remodeling.14–18

Given their potential as diagnostic and prognostic mark-
ers and as therapeutic targets, much effort has focused
on the differences in integrin profiles between normal and
malignant melanocytes.18–20 Among the most consistent
observation is the up-regulation of the b3 subunit of the
avb3 vitronectin receptor in VGP melanoma in situ.21–24 In
addition, expression of avb3 correlates with clinical re-
currence and mortality.25,26 Immunohistochemical stud-
ies using subunit-specific antibodies revealed that, in
contrast to the selective expression of b3 subunit in ad-
vanced melanoma, the av subunit is detected in all stag-
es.21,23,26,27 The av subunit forms complexes with b1, b3,
b5, and b6, whereas b3 in melanoma predominantly
pairs with av. Other experimental approaches, including
comparison of cell variants with different levels of avb3
expression23,28,29 and perturbation of avb3 function with
antibodies or peptides30–32 have further suggested the
contribution of avb3 to melanoma growth, invasion, and
metastasis. However, recent transfection studies aimed
at dissecting the biological role of the av and b3 subunits
in melanoma progression have yielded conflicting re-
sults; transfection of av cDNA into an av-deficient mela-
noma variant restored tumorigenicity33 and promoted cell
growth and survival in three-dimensional collagen gel,34

whereas ectopic expression of b3 in a b3-negative but
highly metastatic human melanoma cell line inhibited
invasion and experimental metastasis.35

To further investigate the potential role of avb3 in mel-
anoma progression, we overexpressed the b3 subunit in
RGP-like primary melanoma cell lines using replication-
deficient adenoviruses as a gene delivery vehicle. We
find that functional expression of the avb3 integrin recep-
tor potentiates the malignant phenotype in vitro and in
vivo. In three-dimensional skin reconstructs where the
physiological melieu is recreated in vitro, induced b3
expression triggers an invasive phenotype and prevents
apoptosis. In vivo, b3 overexpression induces tumor
growth.

Materials and Methods

Cell Culture

Human melanoma cell line WM1552C, which has an
RGP-like phenotype, was isolated as described3,28,29

from a superficial spreading melanoma lesion. SBcl2, a
primary melanoma cell line with an RGP-like phenotype,
was a gift from Dr. B. Giovanell (Stehlin Foundation for

Cancer Research, St. Joseph Hospital, Houston, TX).
WM1341D is a VGP-like cell line,8 which constitutively
expresses avb3. All cell lines were maintained in W489
medium consisting of 4 parts MCDB153 supplemented
with 2 mmol/L CaCl2 and 1 part L-15, 5 mg/ml insulin, and
2% fetal bovine serum (FBS). Keratinocytes were isolated
from foreskin and grown in serum-free keratinocyte
growth medium (KGM) containing modified MCDB15336

supplemented with bovine pituitary extract (BPE; 140
mg/ml), epidermal growth factor (EGF; 10 ng/ml), etha-
nolamine (0.1 mmol/L), hydrocortisone (5 3 1027 mol/L),
insulin (5 mg/ml), and O-phosphoryl ethanolamine (0.1
mmol/L). Primary human dermal fibroblasts were initiated
as explant cultures from trypsin-treated and epidermis-
stripped neonatal foreskin. These cells were passaged in
Dulbecco’s modified Eagle’s medium (DMEM) with 10%
FBS. The trans-complementing 293 cells, a cell line im-
mortalized and transformed by adenovirus E1a and E1b,
respectively, were obtained from the Vector Core at the
Institute for Human Gene Therapy, University of Pennsyl-
vania, Philadelphia, PA, and maintained in DMEM with
10% FBS. All tissue culture reagents were purchased
from Sigma Chemical Co. (St. Louis, MO) except for EGF
(Collaborative Biomedical Products, Bedford, MA) and
L-15 and DMEM (Gibco-BRL, Gaithersburg, MD).

Construction of b3/Ad5

Adenoviral vector b3/Ad5 was constructed essentially as
described.37 Briefly, a 4.0-kb EcoRI fragment containing
the entire coding sequence of human integrin b3 subunit
in pBluescript was subcloned into EcoRI-cut pAd.CMV-
Link.1 (obtained from the Vector Core, Institute for Human
Gene Therapy). The resulting shuttle vector was linear-
ized with NheI and co-transfected with ClaI-cut, E1–E3-
deleted dl7001 human adenoviral DNA into 293 cells by
standard calcium phosphate precipitation. Two days af-
ter transfection, cells were overlaid with 0.8% agar in
MEM (Gibco-BRL) and fed every 3 to 4 days. Individual
plaques were picked and screened for b3 expression by
immunoprecipitation with monoclonal antibody (MAb)
SSA6 (kindly provided by Dr. J. Hoxie, University of Penn-
sylvania).38 Positive clones were subjected to three
rounds of plaque purification to eliminate contamination
with wild-type virus. Plaque-purified viruses propagated
in 293 cells (b3/Ad5) were purified by ultracentrifugation
in a cesium chloride gradient as described.37 Viral titer
was evaluated by absorbance at 260 nm, and the activity
was assessed by plaque formation in permissive 293
cells.

Radiolabeling and Immunoprecipitation

Cells were infected at a multiplicity of infection of 10 and
metabolically labeled by overnight incubation in methi-
onine-free DMEM supplemented with 25 mCi/ml [35S]me-
thionine (Amersham, Arlington Heights, IL). Cells were
washed with PBS and extracted with non-ionic detergent
buffer (10 mmol/L Tris/acetate, pH 8.0, 150 mmol/L NaCl,
0.5% Nonidet P-40, 0.5 mmol/L CaCl2) containing a pro-
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tease inhibitor (2 mmol/L phenylmethylsulfonyl fluoride).
Cell extracts were clarified by centrifugation at 14,000 3
g for 20 minutes and precleared with protein-A-conju-
gated Sepharose beads (Pharmacia Biotech, Uppsala,
Sweden) for 30 minutes at 4°C. Precleared cell extracts
were normalized according to radioactivity, and 100 ml
was incubated with 1 mg of b3-specific SSA6 MAb for 1
hour at 4°C. Protein-A-conjugated Sepharose beads
were then added to the immune complexes. The mixture
was incubated for an additional hour at 4°C followed by
washing five times with DOC wash (50 mmol/L Tris/HCl,
pH 7.5, 150 mmol/L 1% Triton X-100, 5% deoxycholate,
and 0.1% SDS). Antigens were released from the
beads by boiling in Laemmli sample buffer. Samples
were separated on 6% polyacrylamide gels under non-
reduced conditions. Gels were dried and exposed to
x-ray film.

Flow Cytometry

Infected cells were trypsinized, washed, and resus-
pended in serum-free DMEM with 10 mg/ml MAb SSA6.
After 1 hour of incubation at 4°C with gentle rocking, cells
were washed to remove unbound antibodies and stained
with 10 mg/ml fluorescein isothiocyanate (FITC)-conju-
gated rabbit anti-mouse IgG antibody (Jackson Immu-
noResearch Laboratories, West Grove, PA) for 30 min-
utes at 4°C. After washing, cells were resuspended in
PBS and analyzed by fluorescence-activated cell sorting
(FACS) using an Ortho Cytofluorograf 50H connected to
a 2150 Data Handling System (Ortho Diagnostics, West-
wood, MA).

Anchorage-Dependent Growth Assay

Cells from subconfluent cultures were trypsinized and
seeded in triplicate 35-mm wells at 2 3 105 cells/well. The
medium was changed twice a week. At different time
points, cells were harvested and counted in a Coulter
counter (Coulter Electronics, Luton, UK). All assays were
performed in triplicate wells.

Soft Agar Growth

To prevent cell attachment, 1 ml of 0.5% Agar Nobel
(Difco Laboratories, Detroit, MI) in WM489 medium sup-
plemented with 50 mg/ml BPE, 3.5 ng/ml EGF, and 7%
FBS was placed in six-well tissue culture plates and
allowed to gel at room temperature. Subconfluent cul-
tures were harvested by trypsinization, resuspended to
30,000 cells/ml in W489 medium supplemented with 5
ng/ml EGF and 70 mg/ml BPE, and mixed with agar to a
final concentration of 6000 cells/well in 0.25% agar. Trip-
licate wells were prepared for each group of transduced
and nontransduced cells.

Invasion and Cell Survival in Skin Reconstructs

Skin reconstructs were prepared as described39–41 with
modifications. Briefly, subconfluent dermal fibroblasts
isolated from foreskins were harvested and resuspended
to 1.5 3 105 cells/ml in DMEM with 10% FBS and 1 mg/ml
neutralized rat tail collagen (Collaborative Biomedical
Products). Three milliliters of the mixture was then
seeded onto Transwell inserts (Corning Costar Corp.,
Cambridge, MA) placed in six-well tissue culture plates
with 1 ml of precast acellular collagen and incubated at
37°C. After 6 days, fibroblasts had contracted collagen
gels, creating a concave surface that served as a cradle
for seeding epidermal cells. This portion represented the
dermal reconstruct. The expelled medium was suctioned
off, and the dermal reconstruct was equilibrated in epi-
dermal growth medium (EGM) composed of 3 parts
DMEM, 1 part Ham’s F-12, and 0.3% dialyzed newborn
calf serum supplemented with 10 ng/ml EGF, 1.88
mmol/L CaCl2, 0.18 mmol/L adenine, 4 mmol/L glu-
tamine, 53 nmol/L selenic acid, 0.1 mmol/L ethanolamine,
0.1 mmol/L O-phosphoryl ethanolamine, 5 mg/ml insulin,
5 mg/ml transferrin, 20 pmol/L tri-iodothyronine, 0.4 mg/ml
hydrocortisone, 10 nmol/L progesterone, and 1.5 mmol/L
HEPES for 1 hour at 37°C. The medium was discarded,
and dermal reconstructs were dried at room temperature
for 30 minutes. Melanoma cells were trypsinized and
washed in Ca21/Mg21-free HEPES-buffered saline solu-
tion three times before mixing with keratinocytes at a 1:5
ratio in EGM to yield a cell concentration of 3 3 106/ml,
and 50 ml of cell suspension was seeded onto the dry
surface of dermal constructs. After 2 hours, cultures were
submerged and re-fed every 2 to 3 days thereafter. Five
days after seeding, medium was switched to mainte-
nance medium (1:1 mixture of DMEM and Ham’s F12
supplemented with 1% newborn calf serum, 1.95 mmol/L
CaCl2, 0.18 mmol/L adenine, 4 mmol/L glutamine, 53
nmol/L selenic acid, 0.1 mmol/L ethanolamine, 0.1
mmol/L O-phosphoryl ethanolamine, 5 mg/ml insulin, 5
mg/ml transferrin, 20 pmol/L triiodothyronine, 0.4 mg/ml
hydrocortisone, and 1.5 mmol/L HEPES), and cultures
were lifted to the air-liquid level to allow further epidermal
stratification for another 10 days with regular feeding.
Skin reconstructs were then harvested, fixed in 4% para-
formaldehyde, and embedded in paraffin. The invasive
capacity of melanoma cells was determined by morpho-
logical evaluation using hematoxylin and eosin staining.
Cell survival after invasion into dermal reconstructs was
assessed using an ApopTag in situ apoptosis detection
kit (Oncor, Gaithersburg, MD).

Tumorigenicity

Melanoma cells were suspended at 3 3 108/ml in growth
medium. Female SCID mice (five mice per group) were
injected subcutaneously in the back with 100 ml of cell
suspension. Tumor volume was determined as follows:
(maximal dimensions 3 minimal dimensions)2/2.
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AJP November 1998, Vol. 153, No. 5



Results

Functional Expression of avb3 Integrin by
Melanoma Cells

Adenoviral vector b3/Ad5 induced cell surface expres-
sion of b3 within 48 hours of cell infection at a multiplicity
of infection of 10 to 20, as evidenced by the increase in
positively stained cells from 8.9% to 67.8% and 0.9% to
90.4% in WM1552C and SBcl2 cells, respectively, in
FACS analysis using lacZ/Ad5-infected cells as controls
(Figure 1A). Little overexpression was found in WM1341D
cells, which constitutively express avb3. Immunoprecipi-
tation analysis using a b3-specific MAb and extracts of
radiolabeled cells normalized according to radioactivity
revealed bands with molecular masses corresponding to
av and b3 in all samples (Figure 1B). Consistent with the
FACS data, b3/Ad5 induced a marked increase in avb3
expression in WM1552C (lanes 3 and 4) and SBcl2 (lanes

1 and 2) cells as compared with their control virus-in-
fected counterparts. Again, further up-regulation of b3 in
avb3-expressing WM1341D cells by b3/Ad5 was limited
(lanes 5 and 6). In addition, immunoblotting of b3 precip-
itates using an av-specific MAb (a kind gift of Dr. S. L.
Goodman, E. Merck, Darmstadt, Germany) confirmed a
functional association between transduced b3 and en-
dogenous av in b3/Ad5-infected SBcl2 cells (data not
shown).

Induction of b3 Expression Promotes Melanoma
Growth in Vitro

To investigate the role of the b3 integrin subunit in growth
regulation of melanoma cells in vitro, cell proliferation in
monolayer culture and in soft agar was examined. Growth
of monolayer cultures was stimulated (twofold) in b3-
transduced WM1552C cells but not in SBcl2 cells (Figure
2), whereas in soft agar assays, colony-forming efficien-
cies were enhanced in both cell lines, with a 3.5- and
1.5-fold increase in WM1552C and SBcl2 cell growth,
respectively (Figure 3).

Figure 1. Induction of b3 expression by b3/Ad5. A: Cell surface expression
of virally transduced b3 integrin subunit. Virus-infected melanoma cells were
trypsinized, sequentially incubated with anti-b3 MAb (SSA6) and FITC-con-
jugated goat anti-mouse IgG, and analyzed by flow cytometry. The x axis
indicates relative fluorescence intensity (log units); the y axis shows the
relative cell number. - - - and ——, lacZ/Ad5- and b3/Ad5-infected cells,
respectively. B: Complex formation of virus-induced b3 with endogenous
av. Cell lysates of infected melanoma cells were prepared after metabolic
labeling, normalized for radioactivity, immunoprecipitated with b3-specific
SSA6 MAb, and subjected to electrophoresis. Gels were fixed, dried, and
exposed to x-ray film.

Figure 2. In vitro growth of melanoma cells after b3 overexpression. Two
days after viral infection, 2 3 105 cells were seeded into six-well tissue
culture plates. Cell growth was monitored on days 1, 4, and 7 using a Coulter
counter. Average cell number from triplicate wells was plotted for WM1552
and SBcl2 cells.

Figure 3. Cell growth in soft agar of melanoma cells overexpressing b3.
Melanoma cells were infected at a multiplicity of infection of 20 and, 2 days
later, resuspended in 0.25% agar, seeded on an acellular layer, and fed
regularly. After 3 to 4 weeks of culture, colony-forming efficiency was
determined as the percentage of cells forming colonies containing four or
more cells. Ten randomly chosen high-power fields were examined for each
condition. *Statistical significance using Student’s t-tests; P values were 0.009
and 0.007 for SBcl2 and WM1552C cells, respectively.
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Invasion and Survival in Three-Dimensional
Skin Reconstructs

As integrin function is profoundly influenced by the ex-
tracellular milieu,42–49 we examined melanoma invasion
under physiological conditions by incorporating the
transduced cells into three-dimensional skin recon-
structs. Skin reconstructs consist of artificial skin rebuilt
from isolated cell populations and composed of a strati-
fied, terminally differentiated epidermal compartment of
keratinocytes and melanocytes, a dermal compartment
consisting of fibroblasts embedded in collagen gel, and a
well established basement membrane deposited by skin
cells.41 b3/Ad5-infected SBcl2 cells invaded deep into
the dermis and formed cell nests (Figure 4, A and C),
whereas lacZ/Ad5-infected cells spread only horizontally
(Figure 4, B and D). Moreover, lacZ/Ad5-infected cells
showed the clear morphological signs of apoptosis, in-
cluding nuclear condensation, membrane blebbing, and
apoptotic bodies (Figure 4D). These cells exhibited in-
tense ApopTag staining, confirming their apoptotic cell
death (Figure 4F), whereas b3-expressing SBcl2 cells
were completely negative (Figure 4E).

Tumorigenicity in Vivo of Early-Stage Melanoma
Cells Expressing b3 Subunit

To study the biological consequences of b3 overexpres-
sion in early-stage, nontumorigenic melanoma in vivo,
tumorigenicity of virus-transduced cells was evaluated in
SCID mice injected subcutaneously with 3 3 107 b3/Ad5-
or lacZ/Ad5-infected cells. The average size of tumors
formed by b3-expressing cells at 7 days after injection
was 5-fold (WM1552C) and 15-fold (SBcl2) larger than
their lacZ/Ad5-infected counterparts (Figure 5). However,
due to the episomal nature of adenoviral vectors, all
tumors began disappearing after day 10.

Discussion

Comparative analyses of integrin expression in different
stages of melanoma have identified the onset of b3 inte-
grin expression as one of the most specific markers of the
transition from RGP to VGP primary and metastatic mel-
anoma.21–24 We find here that forced expression of the
b3 subunit results in a functional complex with endoge-
nous av that potentiates the malignant phenotype remi-
niscent of the progression from RGP to VGP; ie, b3-
expressing cells exhibit a growth advantage in monolayer
cultures and soft agar, increased invasiveness and sur-
vival in skin reconstructs in vitro, and enhanced tumori-
genicity in vivo.

Previous transfection studies showed that introduction
of either subunit of the avb3 receptor into metastatic
melanoma cell lines did not affect cell proliferation in
vitro.33,35 In contrast, we find that overexpression of b3
stimulates in vitro growth of WM1552C cells. This is not
surprising as interplay between avb3 and growth factor
receptors such as insulin and IGF receptors50 as well as

platelet-derived growth factor (PDGF)-b receptors51 has
been shown to control cell growth. However, the same
growth-promoting effect was not seen in SBcl2 cells,
which have a more rapid basal proliferation rate than that
of WM1552C cells (Figure 2). Thus, mechanisms other
than avb3 appear to be involved in SBcl2 cell growth
stimulation. Indeed, given the apparent redundancy of
integrins, it is conceivable that functions of avb3 are
replaced in part by a5b1,46 avb1, avb5, or avb6,52 which
are all present in melanoma cells.

A hallmark of malignant transformation is anchorage-
independent growth of the cells. By introducing the b3
integrin subunit, we demonstrated an increase in colony-
forming efficiency of early-stage melanoma cells in soft
agar. The mechanism(s) of this growth advantage after
b3 transduction are not clear. In melanoma, cell-cell in-
teractions occur through the adhesion receptor Mel-
CAM, a member of the Ig gene superfamily, which binds
to an unknown ligand also expressed by melanoma
cells.9,53 avb3 expressed by melanoma cells can bind to
L1, another member of the Ig gene superfamily found on
melanoma cells.34 It is possible that such cell-cell inter-
actions may provide signals for anchorage-independent
survival and growth.

Progressive invasion into the dermis is one of the most
important characteristics of VGP melanoma cells. This
process requires disassociation of melanoma cells from
neighboring keratinocytes and attachment to and proteo-
lytic degradation of basement membrane components,
followed by invasion and proliferation in the dermis. In our
skin reconstruct model, which, unlike traditional invasion
assays, accounts not only for tumor-cell-derived mecha-
nisms but also for microenvironmental factors from stro-
mal cells, control virus-infected SBcl2 cells grew in a
pattern resembling RGP lesions, whereas b3-expressing
cells showed a VGP growth pattern. The latter cells in-
vaded and proliferated deep in the dermis without signs
of apoptotic change whereas control cells remained in
the epidermis, dying by apoptosis in the dermis. Coordi-
nate expression and activation of avb3 with that of matrix
metalloproteinases and urokinase-type plasminogen ac-
tivator receptor46,47 may play a crucial role in proteolysis
of the extracellular matrix during invasion. Indeed, acti-
vated matrix metalloproteinase (MMP)-2 binds to cell sur-
face avb3, thereby localizing its enzymatic activity to the
leading edge of tumor cells.54 Montgomery et al34 have
provided evidence that survival and proliferation of avb3-
expressing melanoma cells in a three-dimensional colla-
gen matrix is mediated through the ligation of the colla-
gen proteolytic products to the cryptic binding site of
avb3. Taken together, these findings suggest a role for
the avb3 integrin in melanoma progression toward an
increasingly aggressive phenotype.

In our study, tumorigenicity of early-stage melanoma
cells was increased after overexpression of the b3 sub-
unit. This finding contrasts with previous transfection
studies that identified av as the crucial component in
conferring an aggressive phenotype33 or that report de-
creased metastatic potential on b3 transduction.35 The
discrepancies might reflect a variability in the degree
and aspect of phenotype modulation with the stage of
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progression, despite the profound effect of avb3 expres-
sion on the biological properties of melanoma cells. In-
deed, metastatic cells are less susceptible than nontu-
morigenic RGP primary melanoma cells to alterations

induced by avb3 overexpression. Thus, the biological
functions of avb3 in melanoma may depend, in part, on
the cellular background of a given stage of tumor pro-
gression.

Figure 4. Effect of b3 overexpression on melanoma invasion and survival in three-dimensional skin reconstructs. Virus-infected SBcl2 melanoma cells were
incorporated into the epidermis of skin reconstructs as described in Materials and Methods. Mature reconstructs were harvested, fixed, and embedded in paraffin.
b3/Ad5-infected SBcl2 cells grew in an invasive pattern reminiscent of VGP primary melanoma (A and C), whereas lacZ/Ad5-infected cells spread horizontally,
resembling RGP primary melanoma (B and D). Control virus-infected cells at the dermal/epidermal junction displayed apoptotic features, including nucleus
condensation, membrane blebbing, and presence of apoptotic bodies. b3/Ad5-infected cells were completely negative for staining by the ApopTag in situ
apoptosis detection kit (E), whereas lacZ/Ad5-infected cells stained positive (F). Magnification, 3100 (A, B, E, and F) and 3259 (C and D).
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