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Summary. Melanomas are common neoplasms of dogs
and arise from pigment-producing cells called
melanocytes or melanoblasts. Melanomas of skin are
often easily cured by surgical excision, but those of oral
mucosa are aggressive, metastasize to the regional
lymph nodes and lungs, and respond poorly to
conventional therapy. Tumor growth is sustained by
proliferation of microvessels via a process called
angiogenesis. Integrin avB33 is expressed in proliferating
but not in quiescent microvessels suggesting a role in
angiogenesis. Vascular endothelial growth factor
(VEGF) manifests its mitogenic and angiogenic effects
mainly via VEGF receptor-2 (VEGFR-2/Flk-1). We
conducted this immunocytochemical study to investigate
the expression of integrin avf3 and VEGFR-2 in
archival and fresh samples from cases of canine
melanomas. Results show that integrin avB3 was
expressed in 72% and 88% of cutaneous and oral
melanomas, respectively, and the expression was
restricted to and immediately around the melanocytes
and endothelial cells. VEGFR-2 staining of selected
cases of melanoma revealed that its expression
overlapped with the avp3 integrin. Dual immuno-gold
electron microscopy confirmed co-localization of
integrin avB3 and VEGFR-2 in melanocytes and
endothelial cells. These data demonstrate expression and
co-localization of integrin av3 and VEGFR-2 in
cutaneous and oral melanomas of dogs.
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Introduction

Melanomas arise from melanocytes and comprise up
to 7% of all canine neoplasms (Modiano et al., 1999).
These tumors can afflict any breed of dogs but are more
prevalent in Schnauzers, Doberman Pinschers, Scottish
Terriers, and Golden Retrievers (Modiano et al., 1999).
The majority of oral melanomas are highly aggressive,
metastasize to the regional lymph nodes and lungs, and
respond poorly to conventional therapies (Whartenby et
al., 1995; Dow et al., 1998; Modiano et al., 1999).
Cutaneous melanomas have a better prognosis following
surgical intervention. The cellular and molecular
mechanisms that induce diversity in biological behavior
of cutaneous and oral melanomas are not precisely
understood (Modiano et al., 1999). Since this diversity
appears to influence responses of canine melanomas to
therapy, it is critical to characterize the molecular
mechanisms that influence this behavioral diversity.

Tumors require extensive vascular networks for their
growth and survival (Friedlander et al., 1995; Whartenby
et al., 1995). Neoplastic invasion into surrounding
healthy tissues is controlled in part by the proliferation
of existing vasculature through a process called
angiogenesis. Angiogenesis is a complex process
believed to be regulated by the interplay of various
factors including adhesion molecules such as integrins
and extra-cellular matrix components such as vitronectin
(Lymboussaki et al., 1998). Integrins are heterodimers
composed of a and  subunits that mediate cell adhesion
and initiate cell signaling (Gahmberg et al., 1998). The
avf3 integrin, also known as a vitronectin receptor, is
constitutively expressed in epithelia of various organs
but not in resting microvessels except those of rat lungs
(Brooks et al., 1994a; Singh et al., 2000, 2001).

The expression of integrin avfp3 is strikingly
increased in the microvasculature of embryos, wounds,
rheumatoid arthritis and melanoma tumors in humans
(Byzova et al., 1998; Storgard et al., 1999). The avp3
integrin facilitates attachment of endothelial cells to
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components of extra-cellular matrix such as vitronectin
and promotes their survival by stimulation of anti-
apoptotic mechanisms including inhibition of p53 and
increased levels of bcl-2 protein (Brooks et al., 1994b).
The integrin also enhances endothelial cell migration
and invasiveness via interaction with the matrix
components and co-localization with matrix
metalloproteinase-2 (Brooks et al., 1996). There is
evidence that integrin avf3 stimulates transition from
the radial phase of growth to the invasive and malignant
vertical phase in human melanomas (Natali et al., 1997;
Clezardin et al., 1998; Hus et al., 1998). Furthermore,
inhibition of integrin avf3 by a monoclonal antibody or
integrin-specific RGD peptides disrupts the
microvascular network and causes regression of human
melanomas (Brooks et al., 1994b; Storgard et al., 1999).

Vascular endothelial growth factor (VEGF) increases
microvascular permeability and is also an endothelial
cell survival factor although it may not be critical for the
normal development of blood vessels in the embryo
(Shapiro, 2000; Ferrara, 2001). VEGF binds to two
tyrosine kinase receptors expressed on endothelial cells:
VEGF receptor-1 (VEGFR-1; Flt-1) and VEGFR-2
(KDR/FIk-1). VEGF ligation of VEGFR-2 activates cell
signaling via tyrosine phosphorylation and increases
mitogenicity and angiogenicity of endothelial cells
(Byzova et al., 2000). There is evidence that VEGFR-2
is expressed in human melanoma cell lines and that anti-
VEGFR-2 antibody disrupts tumor angiogenesis and
inhibits growth of many tumors including human
melanoma (Prewett et al., 1999).

Cutaneous and oral melanomas of dogs differ in
their aggressiveness and response to surgical
interventions. The mechanisms of this diversity are not
fully understood. There are no data on the expression of
integrin avp3 and VEGFR-2, the key regulators of
angiogenesis and malignant transformation, in cutaneous
and oral melanomas of dogs. Therefore, we conducted
an immunocytochemical study to examine the
expression of the avp3 integrin and VEGFR-2 in
cutaneous and oral melanomas in the dog.

Materials and methods
Melanoma samples

Canine melanoma samples (n=75) were obtained
from the archives of the Department of Veterinary
Pathology, University of Saskatchewan. These tissues
were collected between 1989 and 1999 from male and
female dogs of various breeds. Histological sections
from these tumors were reviewed and divided into two
main categories of melanoma: cutaneous (n=42) and oral
(n=33). Three fresh biopsies obtained from clinical cases
of melanoma brought to the Veterinary Teaching
Hospital of University of Saskatchewan were fixed in
4% paraformaldehyde for 16 hours at 4 °C and
embedded in paraffin for light microscopy. For electron
microscopy, the biopsies were processed as reported
previously (Singh et al., 2001). Briefly, the tissues were

fixed for 3 hours in 0.1% glutaraldehyde plus 2.0%
paraformaldehyde in 0.1M sodium cacodylate buffer and
embedded in LR White Resin (London Resin Company).

Integrin avi33 and VEGFR-2 immunocytochemistry

Sections (5-7 um) were dewaxed in xylene and
rehydrated in decreasing concentrations of ethanol
followed by incubation with 5% hydrogen peroxide in
methanol for 20 minutes to block the endogenous
peroxidase. After a rinse in water, the antigenic sites
were exposed by incubation in 2mg/ml pepsin in 0.01 N
HCI for 75 minutes. The digestive action of pepsin was
terminated by a wash in phosphate-buffered saline (1x
PBS, pH 7.3). To prevent non-specific binding, the
sections were blocked with 1% BSA in PBS. The
consecutive sections were incubated with an anti-avf3
monoclonal antibody (1:50, MAB1976/LM609,
Chemicon Inc. Temecula, USA) or anti-VEGFR-2 (1:10;
Flk-1; Santa Cruz Biotech Co., USA) antibody for 60
minutes followed by a goat anti-mouse IgG secondary
antibody conjugated with horseradish peroxidase (1:100;
DAKO Corp. Carpinteria, USA) for 30 minutes. The
color was developed for 10 minutes with a commercial
kit (Vector Laboratories, Canada) and then rinsed in
running water for 5 minutes. The controls consisted of
sections incubated with only secondary antibody or with
primary anti-von Willebrand Factor antibody (VWF
1:150, A 0082, DAKO Corp., Carpinteria, USA).

Immuno-electron microscopy

One pum thick sections stained with toluidine blue
were examined to select desirable areas for ultra-
microtomy. Thin sections (90 nm) were collected on
meshed nickel grids blocked with albumin and exposed
to anti-avP3 integrin antibody (1:50) or anti-VEGFR-2
(FIk-1; 1:10) for 60 minutes. The grids were washed in
tris-buffered saline and then incubated with gold-
conjugated anti-mouse secondary antibodies (1:40) for
60 minutes. Dual immunogold labeling was performed
to confirm if integrin avP33 and VEGFR-2 are present in
the same cells. One side of each section was first stained
with the avp3 integrin antibody followed by incubation
with secondary antibody conjugated to 12 nm gold
particles. Then, the other side was exposed to anti-
VEGFR-2 antibody and 15 nm gold particle-conjugated
secondary antibody. The sections were stained with 2%
aqueous uranyl acetate with triton-X and lead citrate
followed by examination in an electron microscope at
60k V.

Results
Light microscopic immunocytochemistry
Integrin av33

The sections from cutaneous (Fig. 1A) and oral (data
not shown) melanomas that were not exposed to a



Fig. 1. Consecutive sections (A-C) from a case of cutaneous melanoma: Negative control (A) shows no staining while vVWF antibody (B) revealed blood
vessels (single arrows). Integrin avB3 antibody (C) stained neoplastic melanocytes (single arrows) and blood vessels (arrowheads) but not the tissue
areas away from melanocytes (asterisks). High magnification view (D) of a melanocyte (arrow) shows reaction for integrin avB3. E. taken from a case
of oral melanoma shows integrin avB3 staining in neoplastic melanocytes (single arrows) and demarcates them from the adjacent areas (asterisks). A-
C, E, x 100; D, x 400
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Fig. 2. A section taken from a case of cutaneous melanoma (A) shows
VEGFR-2 staining in neoplastic melanocytes (single arrows) and their
immediate vicinity but not in surrounding areas (asterisks). B. Taken
from a section of oral melanoma shows VEGFR-2 staining in neoplastic
melanocytes (single arrows) and demarcation (double arrows) from the
surrounding areas (asterisks). x 100

primary antibody lacked any staining while incubation
with anti-vWF antibody delineated blood vessels (Fig.
1B). Integrin av33 was localized in cutaneous (Fig. 1C)
and oral melanomas (Fig. 1E). The integrin staining was
primarily concentrated in and around the tumor cells
(Fig. 1D) as well as microvascular endothelial cells but
not in the surrounding normal regions of the tissues (Fig.
1C-E). Moreover, the staining was observed primarily in
the melanocytes at the margins (Fig. 1C,E) of the main
mass of the melanoma and created a clear demarcation
from the apparently healthy tissues. Though subjective,
the intensity of integrin avp3 appeared to be higher in
melanomas of oral mucosa compared to those of the
skin. We found that 72% (30 out of 42 cases) of
cutaneous melanomas and 88% (29 out of 33 cases) of
oral melanomas were positive for integrin avf33.

VEGFR-2

We performed staining for VEGFR-2 on selected
cases only that were either positive (n=32) or negative
(n=4) for the integrin. The pattern of VEGFR-2
reactivity was similar to that of the integrin and was
observed in melanocytes and endothelial cells of
cutaneous melanomas (Fig. 2A). In oral melanomas,
VEGFR-2 antibody stained melanocytes and areas
surrounding them (Fig. 2B). Similar to the integrin
staining, the VEGFR-2 was also absent in tissue areas
away from neoplastic cells in cutaneous and oral
melanomas (Fig. 2A-B).

Immuno-electron microscopy for integrin av83 and
VEGFR-2

We performed immuno-electron microscopy on two
biopsies of oral melanomas to confirm and further
extend the immuno-histological data. The sections
exposed only to the secondary antibodies lacked any
labeling with gold particles (Fig. 3A). Melanosomes and
endothelial cells in the tumors stained with an anti-
integrin avB3 antibody (Fig. 3B). The sections from the
same tissue block probed with an anti-VEGFR-2
antibody also showed prominent labeling in
melanosomes of neoplastic melanocytes (Fig. 3C). The
staining pattern of integrinav3 and VEGFR-2
suggested co-localization of both the proteins in
melanocytes and endothelial cells. This suspicion was
confirmed by dual immuno-gold labeling on the same
sections for the avf3 integrin and VEGFR-2 and it
showed staining for both the markers in the same
melanocytes (Fig. 3D). These 12 nm and 15 nm gold
particles were present in close proximity as well as
individually in different areas of the melanocytes.

Discussion
We report the expression of the avB3 integrin in

88% of oral and 72% of cutaneous melanomas compared
to lack of staining in normal tissues. The degree of
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Fig. 3. Sections stained without primary antibody (A) lack gold labeling while those stained with integrin avB3 (B) and VEGFR-2 (C) antibodies show
labeling (single arrows) in melanosomes (asterisks) and cytosol of melanocytes. Dual-labeling (D) for the avB3 integrin (12 nm gold particles) and

VEGFR-2 (15 nm gold particles) shows co-localization of both the proteins (double arrows) while single arrows indicate individual gold particles. N:
nucleus. x 37,500
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expression of the integrin avf3 in cutaneous and oral
melanomas is similar to that previously reported by
Natali and colleagues in malignant cutaneous
melanomas of humans (Natali et al., 1997). Although
oral melanomas are more aggressive than cutaneous
melanomas, no differences were detected in the
expression of integrin avp3 between the two.

The avl3 integrin was tightly restricted to and
around melanocytes in canine melanomas and was
absent in normal tissues. These observations are similar
to the previously reported lack of expression of integrin
avp3 in normal skin and other tissues, and resting
microvessels (Natali et al., 1997; Eliceiri and Cheresh,
1999; Singh et al., 2001). Since the integrin regulates
microvascular development, its expression is robust in
proliferating microvessels in embryo, tumors and wound
repair (Brooks et al., 1994a; Friedlander et al., 1995;
Clark et al., 1996; Peticlerc et al., 1999; Storgard et al.,
1999). Integrin avB3 promotes microvessel proliferation
by inhibiting activity of p53 tumor suppressor protein
and increasing levels of anti-apoptotic proteins such as
bel-2 (Strombald et al., 1996; Seftor, 1998; Seftor et al.,
1999). Recently, Modiano and colleagues reported a lack
of p53 translocation to nuclear compartments in cells in
canine melanomas (Koenig et al., 2002). It is possible
that integrin av33 may participate in suppression of p53
to promote angiogenesis and tumorigenicity of
melanocytes and increase survival of canine melanomas.

These are the first data on the VEGFR-2 expression
in cutaneous and oral melanomas of dogs.
Immunocytochemical data show VEGFR-2 in and
around the neoplastic melanocytes and endothelial cells.
Similar to the integrin avf3 expression, the VEGFR-2
was also not observed in tissue areas away from the
melanocytes. These results are consistent with previous
observations on restricted expression of VEGFR-2 in
human melanoma cell lines and dividing endothelial
cells compared to normal endothelial cells and
melanocytes (Liu et al., 1995; Graeven et al., 1999;
Heidenreich et al., 2000; Ferrara, 2001). The
VEGF/VEGFR system promotes angiogenesis since
VEGF”-/VEGFR”" mice lack vascular development and
show increased early embryonic lethality (Ferrara,
2001). The mitogenic and angiogenic effects of VEGF
are transduced primarily via VEGFR-2 that facilitates
tyrosine phosphorylation and cell signaling (Ferrara,
2001). VEGFR-2 seems to be a critical factor in
melanomas since immunization against VEGFR-2
inhibited tumor angiogenesis and metastasis following
challenge with B16 melanoma cells (Li et al., 2002).
Recently, a correlation was demonstrated between
expression of VEGFR-2 and Ki-67 in thicker human
melanomas indicating its role in angiogenesis and tumor
growth; Ki-67 is accepted as a reliable prognostic
marker of canine melanomas (Roels et al., 1999; Koenig
et al., 2001; Straume and Akslen, 2001; Koenig et al.,
2002). There may be a putative interaction between
VEGFR-2 and Ki-67 to influence growth of canine

melanomas. Therefore, further studies are needed to
establish a precise role of VEGFR-2 in canine
melanomas with an intent to exploit it’s potential as a
therapeutic target.

A novel observation is the expression of integrin
avpB3 and VEGFR-2 in melanocytes and endothelial
cells. This was confirmed with dual immuno-electron
microscopy which is a powerful technique for spatial
and subcellular localization of two different molecules in
the same tissue section. This is the first direct evidence
on the co-localization and physical proximity of integrin
avl3 and VEGFR-2 in the same melanosomes and
endothelial cells. Physical proximity between proteins is
critical for cell signaling and other responses (Giancotti
and Ruoslahti, 1999; Giancotti, 2000). For example,
physical interactions between adapter proteins, clathrin
and membrane receptors are prerequisite for receptor-
mediated endocytosis (Anderson, 1998; Pearse et al.,
2000). The integrin avB3 and VEGFR-2 individually
and together promote tumor growth and angiogenesis
(Eliceiri and Cheresh, 1999; Kasahara et al., 2000).
Tyrosine phosphorylation following ligation of VEGFR-
2 by VEGF is more robust and results in more
pronounced angiogenic and mitogenic responses in cells
that are adherent to vitronectin via integrin avf3 (Soldi
et al., 1999; Byzova et al., 2000). Such VEGFR-2-
mediated effects are blocked by an anti-B3 integrin
antibody to confirm critical implications of the integrin.
Integrin avP3 acts down-stream of VEGFR-2 and,
therefore, is a more crucial component of this cascade.
These observations are strengthened by our immuno-
electron microscopic data that show physical
relationship between these two proteins. The expression
of both the proteins at the same cellular sites in canine
melanomas suggests putative molecular collaboration
between them to increase survival and growth of
melanocytes and endothelial cells in these tumors.

The observations do not support the hypothesis that
there are differences in the expression of integrin avf33
and VEGFR-2 between cutaneous and oral melanomas.
Accordingly, integrin avp3 and VEGFR-2 appear not to
have direct association with diversity in biological
behavior of cutaneous and oral melanomas of dogs. It is
possible that angiogenesis in melanomas is regulated by
some other mechanisms since a recent paper showed
increased VEGF-mediated angiogenesis in 3-knockout
mice (Reynolds et al., 2002). Moreover, the individual
interactions of the integrin and VEGFR-2 with other
angiogenic molecules are still not fully clarified, and
these interactions may potentially influence the behavior
of canine melanomas.

Acknowledgements. This study was supported by a grant from
Companion Animal Health Fund of Western College of Veterinary
Medicine. Mr. Nigel Rawlings was a recipient of an Undergraduate
Summer Research Award from the Natural Sciences and Engineering
Research Council of Canada. We thank Ms. Andrea Sullivan for
technical assistance.




825

Integrin avR3, VEGFR-2 and canine melanoma

References

Anderson R.G. (1998). The caveolae membrane system. Annu. Rev.
Biochem. 67, 199-225.

Brooks P.C., Clark R.A.F. and Cheresh D.A. (1994a). Requirement of
vascular integrin avp3 for angiogenesis. Science 264, 569-571.

Brooks P.C., Montgomery A.M.P., Rosenfeld M., Reisfeld R.A., Hu T.,
Klier G. and Cheresh D.A. (1994b). Integrin avB3 antagonists
promote tumor regression by inducing apoptosis of angiogenic blood
vessels. Cell 79, 1157-1164.

Brooks P.C. Strombald S., Sanders L.C., von Schalscha T.L., Aimes
R.T., Stetler-Stevenson W.G., Quigley J.P. and Cheresh D.A.
(1996). Localization of matrix metalloproteinase MMP-2 to the
surface of invasive cells by interaction with integrin avB3. Cell 85,
683-693.

Byzova T.V., Rabbani R., D'Souza S.E. and Plow E.F. (1998). Role of
integrin alpha(v) beta(3) in vascular biology. Thromb. Haemost. 80,
726-734.

Byzova T.V., Goldman C.K., Pampori N., Thomas K.A., Bett A., Shattil
S.J. and Plow E.F. (2000). A mechanism for modulation of cellular
responses to VEGF: Activation of the integrins. Mol. Cell. 6, 851-
860.

Clark R.A.F., Tonneson M.G., Gailit J. and Cheresh D.A. (1996).
Transient functional expression of avf3 on vascular cells during
wound repair. Am. J. Pathol. 148, 1407-1421.

Clezardin P. (1998). Recent insights into the role of integrins in cancer
metastasis. Cell Mol. Life Sci. 54, 541-548.

Dow S.W., Elmslie R.E., Willson A.P., Roche L., Gorman C. and Potter
T.A. (1998). In vivo tumor transfection with superantigen plus
cytokine genes induces tumor regression and prolongs survival in
dogs with malignant melanoma. J. Clin. Invest. 101, 2406-2414.

Eliceiri B.P. and Cheresh D.A. (1999). The role of alpha-v integrins
during angiogenesis: insights into potential mechanisms of action
and clinical development. J. Clin. Invest. 103, 1227-1230.

Ferrara N. (2001). Role of vascular endothelial growth factor in
regulation of physiological angiogenesis. Am. J. Physiol. Cell Physiol
280, C1358-C1366.

Friedlander M., Brooks P.C., Shaffer R.W., Kincaid C.M., Varner J.A.
and Cheresh D.A. (1995). Definition of two angiogenic pathways by
distinct av integrins. Science 270, 1500-1502.

Gahmberg C.G., Valmu L., Kotovuori P., lhanus E., Tian L. and Pessa-
Morikawa T. (1998). Leukocyte integrins in inflammation. Cell Mol.
Life Sci. 54, 549-555.

Giancotti F.G. (2000). Complexity and specificity of integrin signalling.
Nat. Cell Biol. 2, E13-14.

Giancotti F.G. and Ruoslahti E. (1999). Integrin signaling. Science 285,
1028-1032.

Graeven U., Fiedler W., Karpinski S., Ergun S., Kilic N., Rodeck U.,
Schmiegel W. and Hossfeld D.K. (1999). Melanoma-associated
expression of vascular endothelial growth factor and its receptors
FLT-1 and KDR. J. Cancer Res. Clin. Oncol. 125, 621-629.

Heidenreich R., Kappel A. and Breier G. (2000). Tumor endothelium-
specific transgene expression directed by vascular endothelial
growth factor receptor-2 (Flk-1) promoter/enhancer sequences.
Cancer Res. 60, 6142-6147.

Hus M-Y., Shih D-T., Meier F., van Belle P., Hsu J-Y., Elder D.E., Buck
C.A. and Herlyn M. (1998). Adenoviral gene transfer of b3 integrin
subunit induces conversion from radial to vertical growth phase in
primary human melanoma. Am. J. Pathol. 153, 1435-1442.

Kasahara Y., Tuder R.M., Taraseviciene-Stewart L., Le Cras T.D.,
Abman S., Hirth P.K., Waltenberger J. and Voelkel N.E. (2000).
Inhibition of VEGF receptors causes lung cell apoptosis and
emphysema. J. Clin. Invest. 106, 1311-1319.

Koenig A., Wojcieszyn J., Weeks B.R. and Modiano J.F. (2001).
Expression of S100a, vimentin, SNE, and melan A/MART-1 in seven
canine melanoma cell lines and twenty-nine retrospective cases of
canine melanoma. Vet. Pathol. 38, 427-435.

Koenig A., Bianco S.R., Fosmire S., Wojcieszyn J. and Modiano J.F.
(2002). Expression and significance of p53, rb, p21/waf-1, p16/ink-
4a, and PTEN tumor suppressor in canine melanoma. Vet. Pathol.
39, 458-472.

Li Y., Wang M.N., Li H., King K.D., Bassi R., Sun H., Santiago A.,
Hooper A.T., Bohlen P. and Hicklin D.J. (2002). Active immunization
against the vascular endothelial growth factor receptor flk-1 inhibits
tumor angiogenesis and metastasis. J. Exp. Med. 195, 1575-1584.

Liu B., Earl H.M., Baban D., Shoaibi M., Fabra A., Kerr D.J. and
Seymour L.W. (1995). Melanoma cell lines express VEGF receptor
KDR and respond to exogenously added VEGF. Biochem. Biophys.
Res. Commun. 271, 721-727.

Lymboussaki A., Partanen T.A., Olofsson B., Thomas-Crusells J.,
Fletcher C.D.M., de Waal R.M.W., Kaipainen A. and Alitalo K.
(1998). Expression of the vascular endothelial growth factor C
receptor VEGFR-3 in lymphatic endothelium of the skin and in
vascular tumors. Am. J. Pathol. 153, 395-403.

Modiano J.F., Ritt M.G. and Wojcieszyn J. (1999). The molecular basis
of canine melanoma: pathogenesis and trends in diagnosis and
therapy. J. Vet. Intern. Med. 13, 163-174.

Natali P.G., Hamby C.V., Felding-Habermann B., Liang B., Nicotra M.R.,
Di Filippo F., Giannarelli D., Temponi M. and Ferrone S. (1997).
Clinical significance of alpha(v)beta(3) and intercellular adhesion
molecule-1 expression in cutaneous maligannt melanoma lesions.
Cancer Res. 57, 1554-1560.

Pearse B.M., Smith C.J. and Owen D.J. (2000). Clathrin coat
construction in endocytosis. Curr. Opin. Struct. Biol. 10, 220-228.
Peticlerc E., Strombald S., von Schalscha T.L., Mitjans F., Piulats J.,
Montgomery A.M.P., Cheresh D.A. and Brooks P.C. (1999). Integrin
alpha-v beta-3 promotes M21 melanoma growth in human skin by

regulating tumor cell survival. Cancer Res. 59, 2724-2730.

Prewett M., Huber J., Li Y., Santiago A., O'Connor W., King K.,
Overholser J., Hooper A., Pytowski B., Witte L., Bohlen P. and
Hicklin D.J. (1999). Antivascular endothelial growth factor receptor
(fetal liver kinase 1) monoclonal antibody inhibits tumor
angiogenesis and growth of several mouse and human tumors.
Cancer Res. 59, 5209-5218.

Reynolds L.E., Wyder L., Lively J.C., Taverna D., Robinson S.D., Huang
X., Sheppard D., Hynes R.O. and Hodivala-Dilke K.M. (2002).
Enhanced pathological angiogenesis in mice lacking B3 integrin or
B3 and B5 integrins. Nature Med. 8, 27-34.

Roels S., Tilmant K. and Ducatelle R. (1999). PCNA and Ki67
proliferation markers as criteria for prediction of clinical behavior of
melanocytic tumors in cats and dogs. J. Comp. Pathol. 121, 13-
24,

Seftor R.E.B. (1998). Role of the B3 integrin subunit in human primary
melanoma progression: Multifunctional activities associated with
avbB integrin expression. Am. J. Pathol. 153, 1347-1351.

Seftor R.E.B., Seftor E.A. and Hendrix M.J. (1999). Molecular roles for
integrins in human melanoma invasion. Cancer Metastasis Rev. 18,
359-375.



826

Integrin avR3, VEGFR-2 and canine melanoma

Shapiro S.D. (2000). Vascular atrophy and VEGFR-2 signaling: old
theories of pulmonary emphysema meet new data. J. Clin. Invest.
106, 1309-1310.

Singh B., Fu C. and Bhattacharya J. (2000). Vascular expression of the
avB3 integrin in lung and other organs. Am. J. Physiol. 278, L217-
L226.

Singh B., Rawlings N. and Kaur A. (2001). Expression of integrin avp3
in pig, dog and cattle. Histol. Histopathol. 16, 1037-1046.

Soldi R., Mitola S., Strasly M., Defilippi P., Tarone G. and Bussolino F.
(1999). Role of avB3 integrin in the activation of vascular endothelial
growth factor receptor-2. EMBO J. 18, 882-892.

Storgard C.M., Stupack D.G., Jonczyk A., Goodman S.L., Fox R.l. and
Cheresh D.A. (1999). Decreased angiogenesis and arthritic disease
in rabbits treated with an avb3 antagonists. J. Clin. Invest. 103, 47-

54.

Straume O. and Akslen L.A. (2001). Expression of vascular endothelial
growth factor, its receptors (FLT-1, KDR) and TSP-1 related to
microvessel density and patient outcome in vertical growth phase
melanomas. Am. J. Pathol. 159, 223-235.

Strombald S., Becker J.C., Yebra M., Brooks P.C. and Cheresh D.A.
(1996). Suppression of p53 activity and p21WAF/CIP1 expression
by vascular cell integrin avB3 during angiogenesis. J. Clin. Invest.
98, 426-433.

Whartenby K.A., Abboud C.N., Marrogi A.J., Ramesh R. and Freeman
S.M. (1995). The biology of cancer gene therapy. Lab. Invest. 72,
131-145.

Accepted March 26, 2003



