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Endothelial cell association with vascular basement
membranes is complex and plays a critical role in
regulation of cell adhesion and proliferation. The in-
teraction between the membrane-associated 67-kd re-

ceptor (67LR) and the basement membrane protein
laminin has been studied in several cell systems
where it was shown to be crucial for adhesion and
attachment during angiogenesis. As angiogenesis in
the pathological setting of proliferative retinopathy is
a major cause of blindness in the Western world we
examined the expression of 67LR in a murine model
of hyperoxia-induced retinopathy that exhibits reti-
nal neovascularization. Mice exposed to hyperoxia
for 5 days starting at postnatal day 7 (P7) and re-

turned to room air (at P12) showed closure of the
central retinal vasculature. In response to the ensuing
retinal ischemia, there was consistent preretinal neo-

vascularization starting around P17, which persisted
until P21, after which the new vessels regressed. Im-

munohistochemistry was performed on these retinas
using an antibody specific for 67LR. At P12, immuno-
reactivity for 67LR was absent in the retina, but by
P17 it was observed in preretinal proliferating vessels
and also within the adjacent intraretinal vasculature.
Intraretinal 67LR immunoreactivity diminished be-
yond P17 until by P21 immunoreactivity was almost
completely absent, although it persisted in the pre-

retinal vasculature. Control P17 mice (not exposed to
hyperoxia) failed to demonstrate any 67LR immuno-

reactivity in their retinas. Parallel in situ hybridiza-
tion studies demonstrated 67LR gene expression in
the retinal ganglion celis of control and hyperoxia-
exposed mice. In addition, the neovascular intra- and
preretinal vessels of hyperoxia-treated P17 and P21
mice Labeled strongly for 67LR mRNA. This study has
characterized 67LR immunolocalization and gene ex-

pression in a murine model of ischemic retinopathy.
Results suggest that, although the 67LR gene is ex-

pressed at high levels in the retinal ganglion celis, the
mature receptor protein is preferentially localized to
the proliferating retinal vasculature and is almost
completely absent from quiescent vessels. The differ-
ential expression of 67LR between proliferating and
quiescent retinal vessels suggests that this laminin

receptor is an important and novel target for future
chemotherapeutic intervention during proliferative
vasculopathies. (AmJ Pathol 1998, 152:1359-1365)

Laminin, as an integral component of vascular basement
membranes, is vital for endothelial cell adhesion, spread-
ing, differentiation, and phenotypic stabilization under
physiological conditions.1,2 Integrin and nonintegrin re-
ceptor interactions with this noncollagenous, extracellular
matrix glycoprotein have been recognized for many
years in several cell types3 and constitute an intimate
relationship between the cell and its substrate with a
major influence on behavior and function. Among the
many laminin-binding proteins, a high-affinity, nonintegrin
laminin receptor that migrates at 67 kd after post-trans-
lational modification of a -34-kd precursor protein (des-
ignated p40),4'5 has been identified in several cell types,
including vascular endothelial cells. The gene encoding
this receptor (designated 67LR) has been cloned and the
nucleotide sequence determined.6

Several experimental and correlative studies have im-
plicated the interaction between 67LR and laminin-rich
substrates as having a major role in metastasis and tumor
progression9 as well as in normal and embryonic de-
velopment of neural structures.11,12 However, it has also
become clear that 67LR is expressed in vascular tissue
where it may have a crucial function in angiogenesis,
allowing proliferating endothelial cells to attach and form
new blood vessels.1,10,13,14 The importance of 67LR in
endothelial function has also been demonstrated by use
of a synthetic antagonist peptide derived from the murine
epidermal growth factor (EGF) amino acid sequence 33
to 42 (EGF33-42), a region that shares homology with the
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67LR-binding domain (found in the EGF motif of laminin
B1 chain aa925933). The peptide EGF3342 can inhibit
endothelial cell motility and angiogenesis in vitro and in
vivo 15,16

Angiogenesis in the pathological settings of prolifera-
tive diabetic retinopathy, retinopathy of prematurity, and
age-related macular degeneration is the major cause of
blindness in the Western world. Several strategies with
potential for therapeutic intervention are at early, preclin-
ical stages of investigation. These include antagonism of
the a5f33 (vitronectin) receptor and inhibition of vascular
endothelial growth factor (VEGF), which have both
yielded successful prevention of proliferative retinopathy
in animal models.17'18 Nonetheless, there remains a need
to identify clear targets on proliferating endothelial cells,
antagonism of which will leave the quiescent retinal vas-
culature unharmed.

Retinal neovascularization sufficient for morphological
studies has been produced in experimental animals, al-
though these models have often been inconvenient, ex-
pensive, and inconsistent. Smith et aI19 have described a
model of hyperoxia-induced retinopathy in neonatal mice
that produces retinal ischemia leading to consistent neo-
vascularization and has proved useful in the study of the
neovascular process.20 As in proliferative diabetic reti-
nopathy and retinopathy of prematurity, neovasculariza-
tion in this model is a direct result of vascular insuffi-
ciency and inner retinal ischemia with the new retinal
vessels penetrating the internal limiting membrane to
proliferate in the preretinal space.

In the current investigation, we have characterized
67LR gene expression and immunolocalization in the
murine model of oxygen-induced ischemic retinopathy
and demonstrated differences between expression in
quiescent (normal) and proliferating retinal vasculature.

Materials and Methods

Mouse Model of Retinal Neovascularization
The murine oxygen-induced retinopathy model charac-
terized by Smith et al19 was used in this study. Briefly,
7-day-old litters of C57-BL/6J mice, together with their
nursing dams, were exposed to 80% oxygen for 5 days.
Oxygen flow was maintained at 1.5 L/minute in an incu-
bator regulated at 230C. On postnatal day 12 (P12) the
animals were returned to room air, and pups were sacri-
ficed between P12 and P21.

The extent of retinal neovascularization and reproduc-
ibility of the model was assessed by use of fluorescein
isothiocyanate (FITC)-dextran perfusion. Before sacrifice,
the mice were heavily anesthetized (Hypnorm, 0.01 ml/g,
intraperitoneally; fentanyl, 0.315 mg/ml; fluanisone, 10
mg/ml; and midazolam, 5 mg/ml) and perfused with FITC-
dextran (molecular weight, 2 x 106) (Sigma Chemical
Co., Poole, UK) dissolved in phosphate-buffered saline
(PBS). On enucleation, the eyes were fixed in 4% para-
formaldehyde for 2 hours. The anterior segment and lens
were removed and the posterior eye cup mounted onto
silane-coated microscope slides in a Maltese cross con-

figuration after four radial, full-thickness cuts. Photomi-
crographs were taken on a Leitz Ortholux 11 microscope
with fluorescent attachment.

Eyes to be processed for immunohistochemistry and in
situ hybridization were enucleated under deep anesthe-
sia and fixed in 4% paraformaldehyde for 2 hours. After
fixation, the lens was removed and the eyes washed in
PBS before embedding in wax for standard histological
sectioning.

Treatment of the mice throughout this study was con-
ducted in accordance with the ARVO regulations on the
Use of Animals in Ophthalmic and Vision Research.

Antibody Preparation
A polyclonal antibody to the extracellular carboxyl-termi-
nal domain of the 67LR laminin receptor (PTEDWSAQ
PATEDWSAAPTA, peptide Pro-20-Ala)21 was raised in
rabbits as described earlier.22

Western Blotting Analysis of Retinal
Microvascular Endothelial Cells
Bovine retinal microvascular endothelial cells (RMECs)
were isolated as previously described.23 RMECs were
grown in 10% fetal calf serum. While they where subcon-
fluent, plasma-membrane-rich fractions were prepared
by scraping the RMEC monolayers in ice-cold PBS, cen-
trifuged at 500 x g for 5 minutes, and disrupted with a
tight Dounce homogenizer in a solution of PBS containing
1 mmol/L EDTA and a protease inhibitor cocktail consist-
ing of 1 mmol/L benzamidine, 5 ng/ml pepstatin, 2
mmol/L phenylmethylsulfonyl fluoride, and 10 ,ug/ml
aprotinin (all obtained from Sigma). Nuclei and cell debris
were removed after centrifugation at 1100 x g for 10
minutes. A crude membrane fraction was removed from
the initial supernatant by centrifugation at 15,000 x g for
20 minutes at 40C. The resultant supernatant was subse-
quently centrifuged at 27,000 x g for 2 hours at 40C. The
pelleted membrane extract was then resuspended in
PBS, and the protein content was determined using the
BCA protein assay method (Pierce, Rockford, IL).

Protein samples were diluted in lysis buffer containing
2% 13-mercaptoethanol and separated on a denaturing
7.5% SDS gel (Bio-Rad, Richmond, CA). The gels were
then transferred onto nitrocellulose membrane (Bio-Rad)
and subsequently probed with a polyclonal antibody to
67LR. After incubation with a horseradish-peroxidase-
conjugated secondary antibody (Dako, Glostrup, Den-
mark), immunoreactivity was detected using enhanced
chemiluminescence (Amersham, Little Chalfont, UK).

Immunohistochemistry
Sections of mouse eyes were dewaxed and then rehy-
drated in PBS, and the endogenous peroxidase activity
was quenched in 3% hydrogen peroxide. Sections were
then washed in PBS and blocked in 5% normal goat
serum (20 minutes) in an antibody diluent buffer (PBS
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containing 1% bovine serum albumin, 0.01% Triton
X-100). The 67LR antibody was diluted in antibody di-
luent (1:200) and added to the sections overnight at 40C
in a humidified chamber. For controls, rabbit IgG (Sigma)
was added at similar concentrations to the primary anti-
body, or the primary antibody was omitted. After exten-
sive washing, biotinylated anti-rabbit (Fab fragment;
Dako) was added to the sections at a 1:200 dilution for 1
hour and followed by washing in PBS. Streptavidin was
added in the form of the avidin-biotin complex (Vector
Laboratories, Burlingame, CA) for 1 hour, and subse-
quent detection was carried out by development in
3-amino-9-ethylcarbazole (Vector Laboratories), which
yielded a red reaction product after -15 minutes at 370C.
After stopping the reaction development by immersion in
water at an appropriate stage, the sections were briefly
washed, counterstained with 0.02% fast green, and
mounted in Glycermount (Dako).

In Situ Hybridization
PCR was used to amplify a 350-bp fragment of the 67LR
gene from cDNA from human umbilical vein endothelial
cells. The PCR product was cloned into the pGEM-T
vector (Promega, Madison, WI), and its identity was con-
firmed by ABI Prism terminator cyle sequencing (Perkin
Elmer Applied Biosystems, Norwalk, CT). The recombi-
nant plasmid was linearized with appropriate restriction
enzymes (Gibco BRL, Gaithersburg, MD), and sense and
antisense riboprobes were transcribed using T7 or SP6
RNA polymerase respectively, incorporating digoxigenin-
UTP (Boehringer Mannheim, Mannheim, Germany).

Sections of eyes were dewaxed and then rehydrated
into water. After fixation in 4% paraformaldehyde, the
sections were washed in PBS and the proteins dena-
tured in 200 mmol/L HCI for 10 minutes. The sections
were then treated with proteinase K (20 ,ug/ml in
PBS/50 mmol/L EDTA) for 30 minutes at 370C followed
by washing in PBS. The riboprobes were then hybrid-
ized to the sections (-20 ng/100 A.l of buffer) for 18
hours at 420C in a saline sodium citrate (SSC) hybrid-
ization buffer consisting of 10% dextran sulfate, 10
mmol/L dithiothreitol (DTT), 0.02% sodium dodecyl sul-
fate (SDS), 50% formamide, and 10 mg/ml salmon
sperm DNA. After hybridization, the sections were
washed in descending SSC solutions at room temper-
ature and placed in PBS. Anti-digoxigenin alkaline
phosphatase antibody (Boehringer Mannheim) was
then added for 2 hours followed by washing in PBS.
Hybridized probes were then detected using nitroblue
tetrazolium solution (NBT and BCIP, 75 mg/ml, in dim-
ethylformamide; Boehringer Mannheim) dissolved in a
Tris buffer (100 mmol/L, pH 9.5) containing NaCI (100
mmol/L), MgCI2 (50 mmol/L), and levamisole (2 mg/ml).
Sections were then counterstained with 0.02% fast
green, washed, and mounted with Glycermount
(Dako).

Results

Fluorescein Dextran Perfusion
In comparison with retinas from mice that had not been
exposed to hyperoxia, experimental mice demonstrated
closure of the central retinal vasculature at P12 (compare
Figure 1, A and B). At P17, there was evidence of recana-
lizing intraretinal vessels and a clear proliferative re-
sponse with fronds of new vessels observed on the FITC-
dextran-perfused retinal flat mounts (Figure 1C). These
vessels persisted until P21, after which they appeared to
regress. Histological sections of the retinas revealed the
preretinal nature of new vessels between P17 and P21
(Figure 1D).

Antibody Recognition
Western blotting analysis of RMEC plasma membranes
revealed that the 67LR antibody detected a 67-kd band
(Figure 2). When the antibody was properly titrated, there
was no recognition of a band that could correspond to other
low molecular weight products of the 67LR gene, ie, p40.

Immunohistochemistry
Sections of hyperoxia-exposed and room air control ret-
ina at P12 showed only weak 67LR immunoreactivity
(67LR-IR) in the retinal vasculature (Figure 3A). At p17,
room air control mice also failed to show any 67LR-IR
(Figure 3B). However, hyperoxia-exposed P17 mice
demonstrated intense 67LR-IR in recanalizing vessels of
the central retina (Figure 3C) and in preretinal new ves-
sels. Hyperoxia-exposed P21 animals showed weak
67LR-IR throughout the intraretinal vasculature but dem-
onstrated labeling in the preretinal vessels (Figure 3D).
The retinal vasculature of age-matched, room air control
mice demonstrated only weak 67LR-IR. All controls pro-
duced negative staining throughout the retina.

In Situ Hybridization
As determined by in situ hybridization, 67LR gene expres-
sion in room air control retina at P12 to P21 was observed
largely in the ganglion cells (Figure 4A) whereas lower
expression was evident at the innermost aspect of the
inner nuclear layer. Hyperoxia-exposed retinas demon-
strated similar levels of 67LR gene expression in the
neural retina (Figure 4B). Noncomplementary, sense ri-
boprobes revealed no significant areas of labeling
throughout the retina (Figure 4C). In the P17 to P21
hyperoxia-exposed animals, 67LR gene expression was
observed in the intraretinal vasculature and the preretinal
new vessels (Figure 4D).

Discussion
Endothelial cells are known to have an inherent ability to
switch from a quiescent to proliferative phenotype in
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Figure 1. Demonstration of the murine hyperoxia-induced retinopathy model. A: FITC-dextran-infused retinal vasculature of a control P12 mouse. There is a dense
vascular network throughout the central and peripheral retina. Original magnification, X50. B: Hyperoxia-exposed P12 mouse infused with FITC-dextran. There
is closure of the central retinal capillary network with only the large retinal vessels remaining perfused. Note that the peripheral capillary vasculature remains
perfused. Original magnification, X80. C: Hyperoxia-exposed P21 mouse infused with FITC-dextran. In comparison with the P12 mouse (B) there is reperfusion
of the central retinal capillary bed. There is also a clear neovascular response observed with dense tufts of preretinal new vessels (arrows). Original magnification,
X80. D: H&E-stained section through the retina of a hyperoxia-exposed P21 mouse. The preretinal nature of the neovascular response is clearly seen, with new
vessels breaching the internal limiting membrane and penetrating the vitreous body. Original magnification, X400.

67kD

Figure 2. Western blotting analysis of RMEC membrane extract using a 67LR
polyclonal antibody. A strong band is detected at 67 kd.

response to a multitude of environmental triggers.24 The
complex process of endothelial migration, invasion, and
proliferation, all of which are operative in neovasculariza-
tion, demand the expression of many genes that are not
normally expressed under quiescent conditions.25 These
genes and their products are vital to sustain growth,
migration, attachment, spreading, and the ability to repair
vascular injury or potentiate new blood vessels. In the
current investigation, we have demonstrated that prolif-
erating retinal vascular endothelial cells produce mark-
edly increased levels of the laminin receptor 67LR. By
contrast, nonproliferating, quiescent retinal vascular en-
dothelium appears to produce extremely low levels of this
protein. We have also confirmed that our antibody rec-
ognizes 67LR on the plasma membrane of retinal micro-
vascular endothelial cells where it may have an important
role in attachment of proliferating cells during ischemic
retinopathies.

Attachment of vascular cells to a substrate is vital for
normal cell function. This can take the form of a consti-
tutive-type interaction, with the cell constantly requiring
substrate-derived cues to remain attached and via-
ble.26'27 Such communication is also important for prolif-
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Figure 3. 67LR immunoreactivity in the retinal sections from experimental and control groups. A: Normal mouse retina (P12) stained for 67LR. There is a virtual
absence of 67LR immunoreactivity. Original magnification, x200. B: Normal mouse retina (P17). There is an absence of 67LR immunoreactivity throughout the
retina. Original magnification, X200. C: Hyperoxia-treated mouse (P17) stained for 67LR. There is immunoreactivity in the presumptive recanalizing, intraretinal
vessels (arrows). Original magnification, X200. D: Hyperoxia-treated mouse (P21). 67LR immunoreactivity is evident in the preretinal new vessels (arrows). There
is little intraretinal immunoreactivity. Original magnification, X200.

erating vascular cells that require suitable attachment to
initiate spreading, leading to either repair of the endothe-
lial barrier or formation of new blood vessels.28 Cell as-
sociation with laminin is essential to the cell's ability to
bind to other extracellular matrix components, such as
collagen29 and heparin,30 although it can also stimulate
endothelial cell motility and modulate adherence to base-
ment membranes.2 10 Laminin is involved in the formation
of new vessels during proliferative diabetic retinopa-
thy31-33 through laminin receptor-mediated interactions.
Indeed, the laminin substrate is an integral component of
cell migratory responses involving attachment to multiple
binding domains across the molecule.334 Initial binding
appears to occur via the high-affinity 67-kd laminin re-
ceptor, which in turn initiates subsidiary, low-affinity at-
tachments via integrin receptors leading to cell spread-
ing. 22,35

Although 67LR has been widely implicated in tumor
cell adhesion and metastasis 7721,36,37 recent studies also
suggest that it has a functional role in angiogenesis.2232
Antagonism of 67LR with the peptide fragment EGF33-42
can block both laminin and EGF-stimulated endothelial
cell motility in vitro and inhibit angiogenesis in a chick
vitelline membrane model.16'22 Furthermore, the agonist

peptide YIGSR, derived from the LamB1929_933 chain,
can induce tube formation by endothelial cells in vitro.232

The 67LR gene encodes a mRNA that translates to a
32.8-kd precursor protein (p40). This product can un-
dergo post-translational modification to produce mature
67LR, which can localize cytoplasmically or to the plasma
membrane.738 40 p40 may itself be an important factor in
protein synthesis as evidenced by its co-purification with
ribosomes and the elF-4A initiation factor.41 Significantly,
p40 could also have a vital role in embryonic develop-
ment and differentiation of the neural retina12.42 and an as
yet unknown function in ganglion cells of the adult reti-
na.41 The results from in situ hybridization investigations
conducted in the current study also confirm that 67LR
mRNA is also expressed in the ganglion cells of the
retina. Interestingly, the level of this expression did not
vary according to the presence or absence of retinal
ischemia in this layer. These findings, allied with the
immunohistochemistry that recognized only 67LR and not
p40, suggest that this gene produces proteins with mul-
tiple functions. We also suggest that proliferating retinal
vascular endothelium can express this gene, which cor-
responds with our protein studies describing a marked
up-regulation of mature 67LR. Indeed, it is likely that only
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Figure 4. In situ hybridization showing 67LR gene expression in retinas from experimental and control groups. A: Retinal section from a normal mouse (P17).
There is intense labeling in the retinal ganglion cells (G). Original magnification, x200. B: Hyperoxia-exposed mouse retina (P17). mRNA labeling shows a similar
labeling pattern and intensity as control mice. Original magnification, x200. C: Sense labeling of hyperoxia-exposed mouse retina (P17) showing no hybridization
to the retina. Original magnification, x200. D: Hyperoxia-exposed mouse retina (P21). In addition to ganglion cell labeling (G), there is 67LR mRNA present in
preretinal new vessels (arrow) and also in the endothelium of a large retinal vessel (arrow). Original magnification, X320.

the proliferative endothelial cell phenotype present dur-
ing neovascularization has the ability to post-translation-
ally modify the p40 precursor to 67LR whereas quiescent
retinal vascular cells may not. As p40 is a ribosome-
associated protein, the strong expression observed in
retinal ganglion cells may reflect their high ribosome
content relative to other retinal cell types.

Retinal ischemia is known to stimulate increased gene
expression of a multitude of paracrine growth factors
from retinal glial and neural cells.43 Among these, the
potent endothelial mitogen VEGF has received consider-
able attention as it may have a major role in retinal neo-
vascularization.4445 Secretion of VEGF is known to be
up-regulated in response to retinal ischemia and is there-
fore an obvious target for development of anti-angiogenic
therapy. Unfortunately, VEGF is also expressed at com-
paratively high levels in normal and nonproliferative dia-
betic retina where it may be a major survival factor for the
retinal and choroidal vasculature.46 This being the case,
widespread inhibition of VEGF could possibly predispose
the retinal vasculature to degenerative changes, espe-
cially in diabetic retinopathy where it is already consid-
erably compromised. An alternative strategy of therapeu-
tic intervention would be to block the locomotion of
endothelial cells by interfering with their interaction with
the extracellular matrix. For example, it has recently been

shown that subcutaneous injection of peptide antago-
nists of vitronectin-specific integrin-type receptors inhib-
its retinal neovascularization.17 Such a strategy has value
as it would be effective regardless of the chemotactic
growth factors involved. However, for this to be an effec-
tive strategy, there is a need to identify a target that
occurs largely in proliferating vessels and will leave nor-
mal vessels unharmed.
The current study has identified a protein that distin-

guishes between quiescent and proliferating endothelial
cells in the retinal microvasculature by its respective
virtual absence and high expression between phenotypic
forms. 67LR represents a novel and exciting target for
future therapeutic interventions against proliferative reti-
nopathies.

References

1. Schnaper HW, Kleinman HK, Grant DS: Role of laminin in endothelial
cell recognition and differentiation. Kidney Int 1993, 43:20-25

2. Grant DS, Kleinman HK, Martin GR: The role of basement membranes
in vascular development. Ann NY Acad Sci 1990, 588:61-72

3. Mecham RP: Receptors for laminin on mammalian cells. FASEB J
1991, 5:2538-2546

4. Castronovo V, Taraboletti G, Sobel ME: Functional domains of the 67
kd laminin receptor precursor. J Biol Chem 1991, 266:20440-20446



Laminin Receptor Expression in Ischemic Retinopathy 1365
AJP May 1998, Vol. 152, No. 5

5. Guo N-H, Krutzsch HC, Vogel T, Roberts DD: Interactions of a lami-
nin-binding peptide from a 33-kd protein related to the 67-kd laminin
receptor with laminin and melanoma cells are heparin-dependent.
J Biol Chem 1992, 267:17743-17747

6. Van den Ouweland AMW, Van Duijnhoven HLP, Diechmann KA:
Characteristics of a multicopy gene family predominantly consisting
of processed pseudogenes. Nucleic Acids Res 1989, 17:3829-3843

7. Rao CN, Castronovo V, Schmitt MC, Wewer UM, Claysmith AP, Liotta
LA, Sobel ME: Evidence for a precursor of the high-affinity metastasis-
associated murine laminin receptor. Biochemistry 1989, 28:7476-
7486

8. Yow H, Wong JM, Chen HS, Lee C, Steele GD, Chen LB: Increased
mRNA expression of a laminin-binding protein in human colon
carcinoma: complete sequence of a full-length cDNA encoding the
protein. Proc Natl Acad Sci USA 1988, 85:6394-6398

9. Montuori N, Sobel ME: The 67-kd laminin receptor and tumor pro-
gression. Curr Top Microbiol Immunol 1996, 213:205-214

10. Grant DS, Kibbey MC, Kinsella JL, Cid MC, Kleinman HK: The role of
basement membrane in angiogenesis and tumor growth. Pathol Res
Pract 1994, 190:854-863

11. Kleinman HK, Ogle RC, Cannon FB, Little CD, Sweeney TM, Lucken-
bill-Edds L: Laminin receptors for neurite formation. Proc Natl Acad
Sci USA 1988, 85:1282-1286

12. McCaffery P, Neve RL, Drager UC: A dorso-ventral asymmetry in the
embryonic retina defined by protein conformation. Proc Natl Acad Sci
USA 1990, 87:8570-8574

13. Kubota Y, Mizoguchi M: Modulation of morphological differentiation of
human endothelial cells in culture by the synthetic peptide YIGSR and
cytochalasin B. Clin Exp Dermatol 1993, 8:236-240

14. Vacca A, Ribatti D, Roncali L, Lospalluti M, Serio G, Carrel S, Dam-
macco F: Melanocyte tumor progression is associated with changes
in angiogenesis and expression of the 67-kilodalton laminin receptor.
Cancer 1993, 72:455-461

15. Nelson J, Stewart R, McGivern M, Bailie JR, Walker B, Murphy RF,
Wilson DJ: Synthetic murine epidermal growth factor sequence
20-31 is mitogenic and angiogenic. Carcinogenesis 1991, 12:1823-
1829

16. Nelson J, Allen WE, Scott WN, Bailie JR, Walker B, McFerran NV,
Wilson DJ: Murine epidermal growth factor (EGF) fragment (33-42)
inhibits both EGF and laminin dependent endothelial cell motility and
angiogenesis. Cancer Res 1995, 55:3772-3776

17. Hammes H-P, Brownlee M, Jonczyk A, Sutter A, Preissner KT: Sub-
cutaneous injection of a cyclic peptide antagonist of vitronectin re-
ceptor-type integrins inhibits retinal neovascularisation. Nature Med
1996, 2:529-533

18. Robinson GS, Pierce EA, Rook SL, Foley E, Webb R, Smith LEH:
Oligodeoxynucleotides inhibit retinal neovascularization in a murine
model of proliferative retinopathy. Proc Natl Acad Sci USA 1996,
93:4851-4856

19. Smith LEH, Wesolowski E, McLellan A, Kostyk SK, D'Amato R, Sulli-
van R, D'Amore PA: Oxygen-induced retinopathy in the mouse. Invest
Ophthalmol Vis Sci 1994, 35:101 -111

20. Pierce EA, Avery RL, Foley ED, Aiello LP, Smith LEH: Vascular endo-
thelial cell growth factor/vascular permeability factor expression in a
mouse model of retinal neovascularisation. Proc Natl Acad Sci USA
1995, 92:905-909

21. Wewer UM, Taraboletti G, Sobel ME, Albrechstein R, Liotta LA: Role
of laminin receptor in tumour cell migration. Cancer Res 1987, 47:
5691-5698

22. Nelson J, Scott WN, Allen WE, Wilson DJ, Harriott P, McFerran NV,
Walker B: Murine epidermal growth factor peptide 33-42 binds to a
YIGSR specific laminin receptor on both tumour and endothelial cells.
J Biol Chem 1996, 271:26179-26186

23. Stitt AW, Anderson HR, Gardiner TA, Bailie JR, Archer DB: Receptor
mediated endocytosis and intracellular trafficking of insulin and LDL
in retinal microvascular endothelial cells. Invest Ophthalmol Vis Sci
1994, 35:3384-3392

24. Folkman J: The role of angiogenesis in tumor growth. Semin Cancer
Biol 1992, 3:265-271

25. Plate KH, Breier G, Risau W: Molecular mechanisms of developmen-
tal and tumor angiogenesis. Brain Pathol 1994, 4:3207-3218

26. Klymkowsky MW, Barr B: The body language of cells: the intimate
connection between cell adhesion and behaviour. Cell 1995, 83:5-8

27. Meredith JE, Frazeli B, Schwartz MA: The extracellular matrix as a cell
survival factor. Mol Biol Cell 1993, 4:953-961

28. Bischoff J: Cell adhesion and angiogenesis. J Clin Invest 1997,
99:373-376

29. Terranova VP, Rao CN, Kalebic T, Margulies IMK, Liotta LA: Laminin
receptor on human breast carcinoma cells. Proc Natl Acad Sci USA
1983, 80:444-448

30. Tashiro K, Nagata I, Yamashita N, Okazaki K, Ogomori K, Tashiro N,
Anai MA: Synthetic peptide deduced from the sequence in the cross-
region of laminin-a chain mediates neurite outgrowth, cell attachment
and heparin-binding. Biochem J 1994, 302:73-79

31. Marano RPC, Preissner KT, Vilaro S: Fibronectin, laminin, vitronectin,
and their receptors at newly-formed capillaries in proliferative dia-
betic retinopathy. Exp Eye Res 1995, 60:5-17

32. Grant DS, Tashiro K, Segui-Real B, Yamada Y, Martin GR, Kleinman
HK: Two different laminin domains mediate the differentiation of hu-
man endothelial cells into capillary-like structures in vitro. Cell 1989,
58:933-943

33. Grant DS, Kinsella JL, Fridman R, Auerbach R, Piasecki BA, Yamada
Y, Zain M, Kleinman HK: Interaction of endothelial cells with a laminin
A chain peptide (SIKVAV) in vitro and induction of angiogenic behav-
ior in vivo. J Cell Physiol 1992, 153:614-625

34. Timpl R, Brown JC: The laminins. Matrix Biol 1994, 14:275-281
35. Ardini E, Tagliabue E, Magnifico A, Buto S, Castronovo V, Colnaghi

Ml, Menard S: Co-regulation and physical association of the 67-kd
monomeric laminin receptor and the a6f34 integrin. J Biol Chem 1997,
272:2342-2345

36. Sobel ME: Differential expression of the 67 kd laminin receptor in
cancer. Cancer Biol 1993, 4:311-317

37. Al-Saleh W, Delvenne P, Van Den Brule FA, Menard S, Boniver J,
Castronovo V: Expression of the 67KD laminin receptor in human
cervical preneoplastic and neoplastic squamous epithelial lesions: an
immunohistochemical study. J Pathol 1997, 181:287-293

38. Landowski TH, Dratz EA, Starkey JR: Studies of the structure of the
metastasis-associated 67-kd laminin binding protein: fatty acid acy-
lation and evidence supporting dimerization of the 32 kd gene prod-
uct to form the mature protein. Biochemistry 1995, 34:11276-11287

39. Grosso LE, Park PW, Mecham RP: Characterisation of a putative
clone for the 67-kilodalton elastin/laminin receptor suggests that it
encodes a cytoplasmic protein rather than a cell surface receptor.
Biochemistry 1991, 30:3346-3350

40. Hilario E, Unda F, Perez-Yarza G, Alvarez A, Sanz-Garcia M, Alino SF:
Presence of laminin and 67 kd laminin receptor on endothelial surface
of lung capillaries: an immunocytochemical study. Histol Histopathol
1996, 11:915-918

41. Yang G, Douville P, Gee S, Carbonetto S: Nonintegrin laminin recep-
tors in the nervous system: evidence for lack of a relationship to P40.
J Neurobiol 1992, 23:491-506

42. Rabacchi SA, Neve RL, Drager UC: A positional marker for the dorsal
embryonic retina is homologous to the high-affinity laminin receptor.
Development 1990, 109:521-531

43. Paques M, Massin P, Gaudric A: Growth factors and diabetic retinop-
athy. Diabetes Metab 1997, 23:125-130

44. Adamis AP, Shima DT, Tolentino MJ, Gragoudas ES, Ferrara N,
Folkman J, D'Amore PA, Miller JW: Inhibition of vascular endothelial
growth-factor prevents retinal ischemia-associated iris neovascular-
ization in a nonhuman primate. Arch Ophthalmol 1996, 114:66-71

45. Shweiki D, Itin A, Soffer D, Keshet E: Vascular endothelial growth
factor induced by hypoxia may mediate hypoxia-initiated angiogen-
esis. Nature 1992, 359:843-845

46. Alon T, Hemo I, Itin A, Pe'er J, Stone J, Keshet E: Vascular endothelial
growth factor as a survival factor for newly formed retinal vessels and
has implications for retinopathy of prematurity. Nature Med 1995,
1:1024-1028


