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Methods are provided for the treatment of choroidal neovas
cularization by increasing, in an individual afflicted with
choroidal neovascularization, in Vivo concentrations of an
endostatin protein in the ocular tissueS of the individual to a
choroidal neovascularization inhibiting effective amount,
where the endostatin protein has anti-choroidal neovascu
larization activity in Vivo.

US 2002/0183253 A1

METHOD OF TREATING OCULAR
NEOWASCULARIZATION
FIELD OF THE INVENTION

0001. The present invention relates to a method for the
prophylactic and therapeutic treatment of ocular neovascu
larization. This invention also relates to Vectors, more par
ticularly, to retroviral vectors which may be employed in the
treatment of ocular neovascularization.
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cularization activity in Vivo, where the increase is effected
by causing endostatin to be produced within the individual.
In a more preferred aspect, the increase is effected by
administering an effective amount of a viral vector compris
ing endostatin-encoding nucleic acid to the individual. In
a most preferred aspect, the Viral vector is Selected from the
group consisting of an adenovirus, an adeno-associated
Virus, a retrovirus, and a lentivirus, and is administered

intraocularly.
0008. In yet another preferred aspect, the invention is

BACKGROUND OF THE INVENTION

directed to methods for the treatment of ocular neovascu

0002 Ocular neovascularization has not been success
fully treated in the past. Neovascularization of tissues in the
front of the eye (i.e. the cornea, iris, and the trabecular
meshwork) and other conditions, including conditions in the
back of the eye, for example, retinal, Subretinal, macular,
and optical nerve head neovascularization, can be prevented
and treated by application of the methods of the present
invention. The methods are useful in preventing and treating
ocular neovascularization, including providing for the
regression of neovascularization.

larization in an individual comprising effecting an increase,
in an individual afflicted with ocular neovascularization, of
the in Vivo concentration of endostatin in the ocular tissues

of the individual to an ocular neovascularization inhibiting
effective amount, where endostatin has anti-ocular neovas

cularization activity in Vivo, where the increase is effected
by implanting within the individual at least one microcap
Sule, where the microcapsule comprises cells that Secrete
endostatin.
DETAILED DESCRIPTION OF THE
INVENTION

SUMMARY OF THE INVENTION

0003. The present invention provides methods for the
treatment of ocular neovascularization in an individual com

prising effecting an increase, in an individual afflicted with
ocular neovascularization, of the in Vivo concentration of
endostatin in the ocular tissueS of the individual to a ocular

neovascularization inhibiting effective amount, where
endostatin has anti-ocular neovascularization activity in
WVO.

0004. In a preferred aspect, endostatin is endostatin or an
active fragment of endostatin.
0005. In another preferred aspect, the endostatin
employed in the methods of the invention is a polypeptide
with the amino acid sequence set forth in SEQ ID NO:1. In
another preferred aspect, the endostatin is a polypeptide
fragment of the polypeptide with the amino acid Sequence
set forth in SEQ ID NO:1, a derivative of the polypeptide
with the amino acid sequence set forth in SEQ ID NO:1, or
a variant of the polypeptide with the amino acid Sequence Set
forth in SEQ ID NO:1. Examples of Such active fragments
and variants are set forth, e.g., in U.S. Pat. No. 6,174,861,
the disclosure of which is incorporated herein in its entirety.
0006. In another preferred aspect, the invention is

0009 Endostatin is a cleavage product of collagen type
XVIII that has been found to inhibit tumor angiogenesis and
growth. Interferon C2 also blocks tumor angiogenesis and
causes regression of hemangiomas, but has no effect on

choroidal neovascularization (CNV). Therefore, inhibitors
of tumor angiogenesis do not necessarily inhibit ocular
neovascularization. The present invention is predicated on
the Surprising and unexpected discovery that increasing the
in Vivo concentration of endostatin in the ocular tissues of

the individual to an ocular neovascularization inhibiting
effective amount is effective in the treatment of ocular
neovascularization.

0010. Accordingly, the present invention provides a
method for the prophylactic and therapeutic treatment of
ocular neovascularization, e.g., CNV. "Treatment' encom
passes both prophylactic and therapeutic treatment. By "pro
phylactic' is meant the protection, in whole or in part,
against ocular neovascularization. By “therapeutic' is meant
the amelioration of ocular neovascularization itself, and the

protection, in whole or in part, against further ocular neovas
cularization. The present invention is particularly useful in
the treatment of choroidal neovascularization due to macular

neovascularization activity in Vivo, where the increase is
effected by administering exogenous endostatin to the indi

degeneration, Such as age-related macular degeneration.
However, the methods of the present invention are also
useful in the treatment of other types of ocular neovascu
larization, including choroidal neovascularizations Such as
persistent and recurrent choroidal neovascularization, which
has been treated, is being treated, or will be treated with laser
photocoagulation or photodynamic therapy, and in the treat
ment of choroidal neovascularization that persists or recurs
after Surgical removal of an existing choroidal neovascular

vidual.

ization.

directed to methods for the treatment of ocular neovascu

larization in an individual comprising effecting an increase,
in an individual afflicted with ocular neovascularization, of
the in Vivo concentration of endostatin in the ocular tissues

of the individual to an ocular neovascularization inhibiting
effective amount, where the endostatin has anti-ocular

0007. In yet another preferred aspect, the invention is
directed to methods for the treatment of ocular neovascu

larization in an individual comprising effecting an increase,
in an individual afflicted with ocular neovascularization, of
the in Vivo concentration of endostatin in the ocular tissues

of the individual to an ocular neovascularization inhibiting
effective amount, where endostatin has anti-ocular neovas

0011. In addition, the present method is useful in the
treatment of choroidal neovascularization due to histoplas
mosis and pathological myopia as well as choroidal neovas
cularization that results from angioid Streaks, anterior
ischemic optic neuropathy, bacterial endocarditis, Best's
disease, birdshot retinochoroidopathy, choroidal heman
gioma, choroidal nevi, choroidal nonperfusion, choroidal
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foreign body, morning glory disc Syndrome, multiple eva

the 18 kDa to 20 kDa protein. The amino acid sequence of
full-length human endostatin is set forth in SEQ ID NO:1.
The nucleic acid Sequence encoding human endostatin is Set
forth in SEQ ID NO:2. The amino acid sequence of mouse
endostatin, plus the mouse Ig kappa leader Sequence, is Set
forth in SEQ ID NO:3. The nucleic acid sequence encoding
mouse endostatin with the mouse Ig kappa leader Sequence

nescent white-dot syndrome (MEWDS), neovascularization

is set forth in SEO ID NO:4.

Osteomas, choroidal rapture, choroideremia, chronic retinal
detachment, coloboma of the retina, Drusen, endogenous
Candida endophthalmitis, extrapapillary hamartomas of the
retinal pigmented epithelium, funduS flavimaculatus, idio
pathic, macular hole, malignant melanoma, membranprolif

erative glomerulonephritis (type II), metallic intraocular
at ora Serrata, operating microscope burn, optic nerve head
pits, photocoagulation, punctate inner choroidopathy,
rubella, Sarcoidosis, Serpiginous or geographic choroiditis,
Subretinal fluid drainage, tilted disc Syndrome, Taxoplasma
retinochoroiditis, tuberculosis, or Vogt-Koyanagi-Harada
Syndrome, among others.
0012. Other types of ocular neovascularization that can
be treated with the methods of the present invention are
neovascularization due to diabetic retinopathy, non-diabetic
retinopathy, branch vein occlusion, central retinal vein
occlusion, retinopathy in premature infants, rubeosis iridis,
neovascular glaucoma, perifoveal telangiectasis, Sickle cell
retinopathy, Eale's disease, retinal vasculitis, Von Hippel
Lindau disease, radiation retinopathy, retinal cryoinjury,
retinitis pigmentosa, retinochoroidal coloboma, corneal
neovascularization due to herpes simplex keratitis, corneal
ulcers, keratoplasty, pterigyia, or trauma.
0013 The invention is directed to methods for the treat

0019. The term endostatin also includes fragments of the
18 kDa to 20 kDa protein and modified proteins and peptides
that have a Substantially Similar amino acid Sequence, and
which are capable inhibiting proliferation of endothelial
cells. For example, Silent Substitutions of amino acids,
where the replacement of an amino acid with a structurally
or chemically similar amino acid does not significantly alter
the Structure, conformation or activity of the protein, is well

ment of ocular neovascularization in an individual afflicted

polypeptides are referred to herein as "fragments.” The term
“endostatin' also includes lengthened proteins or peptides

with ocular neovascularization comprising effecting an

where one or more amino acid is added to either or both ends

increase in the amount of an endostatin in ocular tissues of
an individual afflicted with ocular neovascularization to an

ocular neovascularization inhibiting effective amount.
0.014 AS used herein, “an ocular neovascularization
inhibiting effective amount of an endostatin is that amount

of an endostatin that will cause any or all of: 1) regression
of ocular neoVacularization (i.e., a decrease in the amount of
ocular neovasculature); 2)inhibition of ocular neovascular
ization; or 3) a decrease in the rate of ocular neovascular
ization.

0.015 The term “DNA sequence encoding endostatin” as
used herein means DNA which encodes a full-length
endostatin or an active fragment, derivative, or analog of
endostatin, e.g., Such DNA may be a full-length gene
encoding a full-length endostatin, or a truncated gene, or a
mutated gene encoding a fragment or derivative or analog of
Such endostatin which has endostatin activity. The term
“DNA sequence” refers generally to a poly deoxyribonucle
otide molecule and more Specifically to a linear Series of
deoxyribonucleotides connected one to the other by phos
phodiester bonds between the 3' and 5' carbons of the
adjacent pentoses.
0016. Thus, in one embodiment, the invention is directed
to a DNA sequence that encodes endostatin or a fragment,
derivative, or analog thereof having endostatin activity.
0017 DNA sequences encoding endostatin and frag
ments or derivatives thereofare shown and described in U.S.

Pat. No. 5,854.205, which is incorporated by reference
herein in its entirety.
0.018. The term “endostatin” refers to a protein that is
preferably 18 kDa to 20 kDa in size as determined by
non-reduced and reduced gel electrophoresis, respectively.
The term endostatin also includes active precursor forms of

known in the art. Such silent Substitutions are intended to

fall within the Scope of the appended claims.
0020. It will be appreciated that the term “endostatin'
includes shortened polypeptides where one or more amino
acid is removed from either or both ends of full-length

endostatin (i.e., the polypeptide with SEQID NO:1), or from

an internal region of the protein, yet the resulting molecule
remains effective to inhibit endothelial cell proliferation and

for to treat ocular neovascularization. Such shortened

of endostatin, or to an internal location in the protein, yet the
resulting molecule retains endothelial proliferation inhibit
ing activity. Such molecules, for example with tyrosine
added in the first position, are useful for labeling, using, e.g.,

'I. Labeling with other radioisotopes may be useful in

providing a molecular tool for destroying the target cell
containing endostatin receptors. Labeling with “targeting
molecules Such as ricin may provide a mechanism for
destroying cells with endostatin receptors. Lengthened
endostatin polypeptides, or endostatin polypeptides that
have been covalently modified, are collectively referred to
herein as "derivatives” of endostatin.

0021 “Substantial sequence homology” means at least
approximately 70% homology between amino acid residue
Sequence in the endostatin analog Sequence and that of
endostatin, preferably at least approximately 80% homol
ogy, more preferably at least approximately 90% homology.
0022. Also included in the definition of the term endosta
tin are modifications of the endostatin protein and its peptide
fragments. Such modifications include Substitutions of natu
rally occurring amino acids at Specific Sites with other
molecules, including but not limited to naturally and non
naturally occurring amino acids. Such Substitutions may
modify the bioactivity of endostatin and produce biological
or pharmacological agonists or antagonists. Such modified
polypeptides are referred to herein as “variants.' Variants,
derivatives, and fragments of endostatin that have been
shown to have antitumor effects and/or antiangiogenic
effects are known and have been reported, e.g., in published
international patent application numbers WO0067771,
WO0063249, WO9931616, WO992.9855, and WO9948.924,

the disclosures of which are incorporated by reference
herein in their entirety. Such variants, derivatives, and
fragments of endostatin are also useful in the methods of the
present invention.
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0023 The polypeptides useful in the practice of the
present invention can be delivered to an individual in need
of treatment using conventional pharmaceutical formula

optionally, Stabilizers. In Soft capsules, the active com
pounds may be dissolved or Suspended in Suitable liquids,
Such as fatty oils, liquid, or liquid polyethylene glycol with

tions.

or without stabilizers.

0024. An additional embodiment of the invention relates
to the administration of a pharmaceutical composition, in
conjunction with a pharmaceutically acceptable carrier, for
any of the therapeutic effects discussed above. Such phar
maceutical compositions may consist of endostatin, e.g.,
endostatin, or anti-idiotypic antibodies to endostatin, or
mimetics of endostatin. The compositions may be adminis
tered alone or in combination with at least one other agent,
Such as Stabilizing compound, which may be administered in
any Sterile, biocompatible pharmaceutical carrier, including,

0030) Pharmaceutical formulations suitable for
parenteral administration may be formulated m aqueous
Solutions, preferably in physiologically compatible buffers
Such as Hanks Solution, Ringer's Solution, or physiologi
cally buffered Saline. Aqueous injection Suspensions may
contain Substances which increase the Viscosity of the Sus
pension, Such as Sodium carboxymethyl cellulose, Sorbitol,
or dextran. Additionally, Suspensions of the active com
pounds may be prepared as appropriate oily injection Sus
pensions. Suitable lipophilic Solvents or vehicles include
fatty oils. Such as Sesame oil, or Synthetic fatty acid esters,
Such as ethyl oleate or triglycerides, or liposomes. Non-lipid
polycationic amino polymerS may also be used for delivery.
Optionally, the Suspension may also contain Suitable Stabi
lizers or agents which increase the Solubility of the com
pounds to allow for the preparation of highly concentrated

but not limited to, Saline, buffered Saline, dextrose, and

water. The compositions may be administered to a patient
alone, or in combination with other agents, drugs or hor
OCS.

0.025 The pharmaceutical compositions encompassed by
the invention may be administered by any number of routes
including, but not limited to, oral, intravenous, intramuscu
lar, intraarticular, intra-arterial, intramedullary, intrathecal,
intraventricular, transdermal, Subcutaneous, intraperitoneal,
intranasal, enteral, topical, Sublingual, or rectal means.
0026. In addition to the active ingredients, these pharma
ceutical compositions may contain Suitable pharmaceuti
cally-acceptable carriers comprising excipients and auxilia
ries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Further
details on techniques for formulation and administration
may be found in the latest edition of Remington's Pharma

ceutical Sciences (Maack Publishing Co., Easton, Pa).
0.027 Pharmaceutical preparations for oral use can be

obtained through combination of active compounds with
Solid excipient, optionally grinding a resulting mixture, and
processing the mixture of granules, after adding Suitable
auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable excipients are carbohydrate or protein fillers, Such
as Sugars, including lactose, Sucrose, mannitol, or Sorbitol;
Starch from corn, wheat, rice, potato, or other plants, cellu
lose, Such as methyl cellulose, hydroxypropylmethyl-cellu
lose, or Sodium carboxymethylcellulose, gums including
arabic and tragacanth; and proteins Such as gelatin and
collagen. If desired, disintegrating or Solubilizing agents
may be added, Such as the croSS-linked polyvinyl pyrroli
done, agar, alginic acid, or a Salt thereof, Such as Sodium
alginate.
0028 Dragee cores may be used in conjunction with
Suitable coatings, Such as concentrated Sugar Solutions,
which may also contain gum arabic, talc, polyvinylpyrroli
done, carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer Solutions, and Suitable organic Solvents or
Solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for product identification or to
characterize the quantity of active compound, i.e., dosage.
0029 Pharmaceutical preparations which can be used
orally include push-fit capsules made of gelatin, as well as
Soft, Sealed capsules made of gelatin and a coating, Such as
glycerol or Sorbitol. Push-fit capsules can contain active
ingredients mixed with a filler or binders, Such as lactose or
Starches, lubricants, Such as talc or magnesium Stearate, and,

Solutions.

0031. For topical or nasal administration, penetrants
appropriate to the particular barrier to be permeated are used
in the formulation. Such penetrants are generally known in
the art.

0032. The pharmaceutical compositions of the present
invention may be manufactured in a manner that is known
in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, emulsifying, encapsulating,
entrapping, or lyophilizing processes.
0033. The pharmaceutical composition may be provided
as a Salt and can be formed with many acids, including but
not limited to, hydrochloric, Sulfuric, acetic, lactic, tartaric,
malic, Succinic, etc. Salts tend to be more Soluble in aqueous
or other protonic Solvents than are the corresponding free
base forms. In other cases, the preferred preparation may be
a lyophilized powder which may contain any or all of the
following: 1-50 mM histidine, 0.1%-2% sucrose, and 2-7%
mannitol, at a pH range of 4.5 to 5.5, that is combined with
buffer prior to use.
0034. After pharmaceutical compositions have been pre
pared, they can be placed in an appropriate container and
labeled for treatment of an indicated condition. For admin

istration of endostatin, Such labeling would include amount,
frequency, and method of administration.
0035) Pharmaceutical compositions suitable for use in the
invention include compositions where the active ingredients
are contained in an effective amount to achieve the intended

purpose. The determination of an effective dose is well
within the capability of those skilled in the art.
0036 Atherapeutically effective dose of active agent can
be estimated initially either in cell culture assays, e.g., of
endothelial cells, or in animal models, usually mice, rabbits,
dogs, or pigs. The animal model may also be used to
determine the appropriate concentration range and route of
administration. Such information can then be used to deter
mine useful doses and routes for administration in humans.

0037. A therapeutically effective dose refers to that
amount of active ingredient, for example endostatin or
fragments thereof, antibodies to endostatin, agonists,
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antagonists or inhibitors of endostatin, which ameliorates
the Symptoms or condition. Therapeutic efficacy and toxicity
may be determined by Standard pharmaceutical procedures

in cell cultures or experimental animals, e.g., ED50 (the
dose therapeutically effective in 50% of the population) and
LD50 (the dose lethal to 50% of the population). The dose

ratio between toxic and therapeutic effects is the therapeutic
index, and it can be expressed as the ratio, LD50/ED50.
Pharmaceutical compositions which exhibit large therapeu
tic indices are preferred. The data obtained from cell culture
assays and animal Studies is used in formulating a range of
dosage for human use. The dosage contained in Such com
positions is preferably within a range of circulating concen
trations that include the ED50 with little or no toxicity. The
dosage varies within this range depending upon the dosage
form employed, Sensitivity of the patient, and the route of
administration.

0.038. The exact dosage will be determined by the prac
titioner, in light of factors related to the Subject that requires
treatment. Dosage and administration are adjusted to pro
vide sufficient levels of the active moiety or to maintain the
desired effect. Factors which may be taken into account
include the Severity of the disease State, general health of the
Subject, age, weight, and gender of the Subject, diet, time and

frequency of administration, drug combination(s), reaction

Sensitivities, and tolerance/response to therapy. Long-acting
pharmaceutical compositions may be administered every 3
to 4 days, every week, or once every two weeks depending
on half-life and clearance rate of the particular formulation.
0.039 Normal dosage amounts, e.g., when exogenously
produced endostatin is administered, may vary from about
0.1 to about 20 mg/kg per day, preferably from 2.5 to 20
mg/kg per day, depending upon the route and method of
administration. Guidance as to particular dosages and meth
ods of delivery is provided in the literature and generally
available to practitioners in the art. Those skilled in the art
will employ different formulations for nucleotides than for
proteins or their inhibitors. Similarly, delivery of polynucle
otides or polypeptides will be specific to particular cells,
conditions, locations, etc. Various biodegradable and bio
compatible polymeric matrices, including microcapsules,
nanospheres, and implants, are useful in the practice of the
present invention.
0040 Microspheres are fine spherical particles contain
ing active drugs. They are differentiated from nanospheres
primarily by the size of the particle, microSpheres have a
diameter of less than approximately 1000 um, while nano

spheres are Submicronic (<1 um). Microsphere Systems

contain either homogeneous monolithic microSpheres, in
which the drug is dissolved or dispersed homogeneously
throughout the polymer matrix, or reservoir-type micro
Spheres, in which the drug is Surrounded by the polymer
matrix membrane shell. Monolithic and reservoir systems
can also be combined. For instance, active drug can be
dispersed within, or adsorbed onto, the polymer Surface in a
reservoir-type microSphere.
0041 Biodegradable polymers can consist of either natu
ral or Synthetic materials that vary in purity. Natural poly

mers include polypeptides and proteins (e.g., albumin,
fibrinogen, gelatin, collagen), polysaccharides (e.g., hyalu
ronic acid, Starch, chitosan), and virus envelopes and living
cells (e.g., erythrocytes, fibroblasts, myoblasts). Natural
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materials require cross-linking in the microencapsulation
process, leading to the denaturation of the polymer and the
embedded drug. As a result, Synthetic polymers are most
commonly used. Frequently used Synthetic polymers include

poly(-hydroxy) acids Such as polylactic acid (PLA), poly
hydroxybutryic acid, and copoly (lactic/glycolic) acid
(PLGA). These compounds are biocompatible, lack immu
nogenicity, and have physical properties that permit them to

be easily shaped (to control the bioerosion rate).
0042 Colloidal particulate carriers can also be used in the
methods of the present invention for delivering endostatin.
Liposomes are the preferred colloidal vehicle, and are com
posed of a phospholipid bilayer that may act as a carrier for
both hydrophilic and hydrophobic medications. Liposomes
can be made from, e.g., neutral lipids, charged phospholip
ids, and cholesterol. The addition of an amphophilic poly

mer such as polyethylene glycol (PEG) onto the surface of

a lipoSome can Slow the clearance of liposomes.
0043 Administration of endostatin modified with PEG is
also within the scope of the present invention. PEGs are
polymers comprised of repeating ethylene oxide Subunits
with two terminal hydroxyl groups that can be chemically
activated. PEG molecules come in a number of different

configurations. PEG chains include linear and branched
structures in which one or more PEG chains are joined with
linkerS Such as lysine or triazine. PEGs may be attached,
preferably covalently, to endostatin at a single site or at
multiple sites. Since branched-chain PEGs attach at Single or
fewer sites than do linear PEGs, branched PEGs may be less
likely to interfere with the biologic activity of the native
molecule than would the attachment of multiple small
linear-chain PEGs, and so are preferred. Pharmaceutical
formulations Suitable for oral administration of proteins are
described, e.g., in U.S. Pat. Nos. 5,008,114; 5,505,962;
5,641,515; 5,681,811; 5,700,486; 5,766,633; 5,792.451;
5,853,748; 5,972,387; 5,976.569; and 6,051,561, all of

which are incorporated by reference herein in their entirety.
0044 Endostatin can be delivered to an individual in
need of treatment using gene therapy methods. Any of the
methods for gene therapy available in the art can be used
according to the present invention. Exemplary methods are
described below.

0045. In a preferred aspect, the therapeutic comprises
endostatin-encoding nucleic acid that is part of an expres
Sion vector that expresses endostatin or fragment or chimeric
protein thereof in a Suitable host. In particular, Such a nucleic
acid has a promoter operably linked to the polypeptide
coding region, the promoter being inducible or constitutive,
and, optionally, tissue-specific. In another particular
embodiment, a nucleic acid molecule is used in which the

polypeptide coding Sequences and any other desired
Sequences are flanked by regions that promote homologous
recombination at a desired Site in the genome, thus providing
for intrachromosomal expression of the desired nucleic acid.
0046) Delivery of endostatin-encoding nucleic acid into a
patient may be either direct, in which case the patient is
directly exposed to the nucleic acid or nucleic acid-carrying
vector, or indirect, in which case, cells are first transformed

with the nucleic acid in vitro, then transplanted into the
patient. These two approaches are known, respectively, as in
Vivo or eX Vivo gene therapy.
0047. In a specific embodiment, endostatin-encoding
nucleic acid is directly administered in Vivo, where it is
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expressed to produce the encoded product. This can be
accomplished by any of numerous methods known in the art,
e.g., by constructing it as part of an appropriate nucleic acid
expression vector and administering it So that it becomes
intracellular, e.g., by infection using a defective or attenu

ated retroviral or other viral vector (see, e.g., U.S. Pat. No.
4,980,286 and others mentioned infra), or by direct injection
of naked DNA (see, e.g., BleZinger et al., Nature Biotech
nology, 17, 343-348 (1999)) or by use of microparticle
bombardment (e.g., a gene gun; Biolistic, Dupont), or coat
ing with lipids or cell-Surface receptorS or transfecting
agents, encapsulation in liposomes (See, e.g., Chen et al.,
Cancer Research, 59,3308-3312 (1999)), microparticles, or

microcapsules, or by administering it in linkage to a peptide
which is known to enter the nucleus, by administering it in
linkage to a ligand Subject to receptor-mediated endocytosis

(see e.g., U.S. Pat. Nos. 5,166,320; 5,728,399; 5,874,297;
and 6,030,954, all of which are incorporated by reference
herein in their entirety) (which can be used to target cell
types specifically expressing the receptors), etc. In another
embodiment, a nucleic acid-ligand complex can be formed
in which the ligand comprises a fusogenic viral peptide to
disrupt endoSomes, allowing the nucleic acid to avoid lyso
Somal degradation. In yet another embodiment, the nucleic
acid can be targeted in Vivo for cell Specific uptake and

expression, by targeting a specific receptor (See, e.g., PCT
Publications WO 92/06180, WO 92/22635; WO92/20316;

WO93/14188; and WO93/20221). Alternatively, the nucleic

acid can be introduced intracellularly and incorporated
within host cell DNA for expression, by homologous recom

bination (see, e.g., U.S. Pat. Nos. 5,413,923; 5,416.260; and
5,574,205.

0.048. In a specific embodiment, a viral vector that con
tains endostatin-encoding nucleic acid is used. For example,

a retroviral vector can be used (see, e.g., U.S. Pat. Nos.
5,219,740; 5,604,090; and 5,834,182). These retroviral vec

tors have been modified to delete retroviral Sequences that
are not necessary for packaging of the Viral genome and
integration into host cell DNA. Endostatin-encoding nucleic
acid to be used in gene therapy is cloned into the vector,
which facilitates delivery of the gene into a patient.
0049 Adenoviruses are another type of viral vector that
can be used in gene therapy. Adenovirus genomes are linear,
double-stranded DNA molecules of approximately 36 kilo
base pairs. Each extremity of the viral genome has a short

Sequence known as the inverted terminal repeat (or ITR),

which is necessary for viral replication. The well-character
ized molecular genetics of adenovirus render it an advanta
geous vector for gene transfer. Portions of the viral genome
can be substituted with DNA of foreign origin. In addition,
recombinant adenoviruses are structurally stable and no
rearranged viruses are observed after eXtensive amplifica
tion.

0050 Adenoviruses are especially attractive vehicles for
delivering genes to respiratory epithelia. Adenoviruses natu
rally infect respiratory epithelia where they cause a mild
disease. Other targets for adenovirus-based delivery Systems
are liver cells, the central nervous System, endothelial cells,
and muscle. Adenoviruses have the advantage of being
capable of infecting non-dividing cells. Methods for con
ducting adenovirus-based gene therapy are described in,
e.g., U.S. Pat. Nos. 5,824.544; 5,868,040; 5,871,722; 5,880,
102; 5,882,877; 5,885,808; 5,932.210; 5,981,225; 5,994,
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106; 5,994,132; 5,994,134; 6,001,557; and 6,033,8843, all

of which are incorporated by reference herein in their
entirety.
0051. In a specific embodiment, the nucleic acid to be
introduced for purposes of gene therapy using an adenoviral
vector comprises an inducible promoter operably linked to
the coding region, Such that expression of the nucleic acid is
controllable by controlling the presence or absence of the
appropriate inducer of transcription.
0052 The incorporation of genomic elements into the
adenoviral vector may provide for enhanced expression of
the DNA sequence encoding endostatin. Thus, in accordance
with another aspect of the present invention, there is pro
vided an adenoviral vector including at least one DNA
Sequence encoding a endostatin, and at least one genomic
element affecting the expression of Such DNA sequence. The
term “genomic element' is used as previously defined. Such
genomic elements include, but are not limited to, introns, the
5' untranslated region, and the 3' untranslated region, and
portions of the introns and 3' and 5' untranslated regions. The
adenoviral vector may be as hereinabove described. Pro
moters which control the DNA sequence may be selected
from those described herein and from those known in the art.

0053. The vector, consisting of infectious, but replica
tion-defective, viral particles, which contain at least one
DNA sequence encoding endostatin, is administered in vivo
to a host in an amount effective to treat choroidal neovas

cularization in the host. The host may be a mammalian host,
including human and non-human primate hosts.
0054 The adenoviral vector may be administered to a
mammalian host in an amount effective to provide endosta
tin levels of up to 1,000,000 ng/ml of blood or 1 mg/ml of
blood. Although the adenoviral vector may be administered
to a mammalian host in an amount effective to provide
endostatin levels of up to 1,000,000 ng/ml, it has been found
that Some endostatin, Such as endostatin, when expressed by
mammalian cells transduced with an adenoviral vector of the

present invention, is significantly more active (about 1,000
times more active) than endostatin expressed by non-mam
malian cells, Such as yeast cells or bacterial cells Such as E.
coli cells. Thus, in order to achieve a desired anti-neovas

cularization effect, one can generally provide a mammalian
host with endostatin at lower levels by administering the
adenoviral vector to a mammalian host, as opposed to
providing a mammal with Significantly greater levels of
endostatin expressed by yeast or bacteria.
0055. In one embodiment, when administered to a mam
malian host, the adenoviral vector is administered in an

amount effective to provide endostatin levels which are from
about 2 to 20 times the basal levels of endostatin found in the

host. In general, in Such an embodiment, the adenoviral
vector is administered to a mammalian host in an amount

effective to provide for expression of the active polypeptide
at a level of at least about 300 ng/ml of blood, preferably
from about 300 ng/ml to about 3000 ng/ml, more preferably
from about 500 ng/ml to about 1500 ng/ml.
0056. In another embodiment, a viral vector is adminis

tered in an amount of from about 10 plaque forming units
to about 10' plaque forming units, preferably from about
10 plaque forming units to about 10' plaque forming units,
more preferably from about 10 plaque forming units to
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about 10" plaque forming units. Adenoviral vectors, in the

quantities Set out above, are preferred.
0057 The infectious vector particles can be administered
Systemically, Such as, for example, by intravenous admin

istration (Such as, for example, via peripheral vein injection)
or administered via the portal vein, to the bile duct, intra
muscularly, intraperitoneally, or intranasally. Alternatively,
infectious vector particles can be administered locally, by,
e.g., intraocular injection. Such injection can be either into
the anterior or posterior chamber of the eye, e.g., into the
aqueous humor or Vitreous humor. Alternatively, the injec

tion can be Subretinal, e.g., by injection of aliquots (e.g., 1
to 10 microliters per aliquot) of vector-containing Solution
behind the retina, after which the Solution is absorbed and

the infectious vector particles infect local cells of the ocular
tissues and produce the active polypeptide. Such adminis
tration can comprise either a single injection, multiple
injections administered on the same day, Single injections
administered over a period of weeks or months, or multiple
injections administered over a period of weeks or months.
0.058. The vector particles may be administered in com
bination with a pharmaceutically acceptable carrier Suitable
for administration to a patient. The carrier may be a liquid

carrier (for example, a Saline Solution), or a Solid carrier,
Such as, for example, mirocarrier beads.

0059 Adeno-associated virus (AAV) has also been pro
therapy for tumors (see, e.g., Nguyen et al., Cancer
Research, 58, 5673-5677 (1998)). Methods for producing
posed for use in gene therapy, including endostatin gene
and utilizing AAV are described, e.g., in U.S. Pat. Nos.

5,173,414, 5,252.479; 5,552,311; 5,658,785; 5,763,416;
5,773,289; 5,843,742; 5,869,040; 5,942,496; and 5.948,675,

all of which are incorporated by reference herein in their
entirety.
0060 Another approach to gene therapy involves trans
ferring a gene to cells in tissue culture by Such methods as
electroporation, lipofection, calcium phosphate mediated
transfection, or viral infection. Usually, the method of trans
fer includes the transfer of a selectable marker to the cells.

The cells are then placed under Selection to isolate those
cells that have taken up and are expressing the transferred
gene. Those cells are then delivered to a patient.
0061. In this embodiment, the nucleic acid is introduced
into a cell prior to administration in Vivo of the resulting
recombinant cell. Such introduction can be carried out by
any method known in the art, including but not limited to
transfection, electroporation, microinjection, infection with
a viral or bacteriophage vector containing the nucleic acid
Sequences, cell fusion, chromosome-mediated gene transfer,
microcell-mediated gene transfer, Spheroplast fusion, etc.
Numerous techniques are known in the art for the introduc
tion of foreign genes into cells and may be used in accor
dance with the present invention, provided that the neces
Sary developmental and physiological functions of the
recipient cells are not disrupted. The technique should
provide for the stable transfer of the nucleic acid to the cell,
So that the nucleic acid is expressible by the cell and
preferably heritable and expressible by its cell progeny. In
another embodiment, an endogenous gene in a cell that is
normally not expressed, or expressed at a low level by the
cell, can be activated by the operatively linking a Strong
promoter to the endogenous gene, thus providing a cell that
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expresses an endogenous gene at high levels, leading to the
Synthesis and Secretion of endostatin by the cell.
0062 Methods for the production and administration of

Such cells (i.e., those that produce high levels of protein

from either endogenous or exogenous genes or nucleic

acids) are described in, inter alia, U.S. Pat. Nos. 5,641,670;

5,733,761; 5,968,502; 6,048,729; 6,054,288; 6,063,630; and

6,187,305. In a preferred embodiment, endostatin-producing
cells are delivered in microencapsulated form, e.g., in the
form of cells microencapsulated in Sodium alginate or

calcium alginate poly L-lysine alginate (see, e.g., Read et al.,
Nature Biotechnology 19, 29-34 (January 2001) and Joki et
al., Nature Biotechnology 19, 35-39 (January 2001)). The

microencapsulated cells can be implanted proximally to the
eye or at a Site where the endostatin produced by the cells
will most quickly enter the Subject's bloodstream, e.g., in the
liver. The amount of cells envisioned for use depends on the
desired effect, patient State, etc., and can be determined by
one skilled in the art.

0063 Cells into which a nucleic acid can be introduced
for purposes of gene therapy encompass any desired, avail
able cell type, and include but are not limited to epithelial
cells, endothelial cells, keratinocytes, fibroblasts, muscle
cells, hepatocytes, blood cells Such as T lymphocytes, B
lymphocytes, monocytes, macrophages, neutrophils, eosi
nophils, megakaryocytes, granulocytes, various Stem or pro
genitor cells, in particular hematopoietic Stem or progenitor
cells, e.g., as obtained from bone marrow, umbilical cord
blood, peripheral blood, fetal liver, etc.
0064. In a preferred embodiment, the cell used for gene
therapy is autologous to the patient.
0065. In an embodiment in which recombinant cells are
used in gene therapy, an endostatin-encoding nucleic acid is
introduced into the cells such that it is expressible by the
cells or their progeny, and the recombinant cells are then
administered in Vivo for therapeutic effect. In a specific
embodiment, Stem or progenitor cells are used. Any Stem
and/or progenitor cells which can be isolated and maintained
in vitro can potentially be used in accordance with this
embodiment of the present invention. Such stem cells
include but are not limited to hematopoietic Stem cells

(HSC), stem cells of epithehal tissues such as the skin and

the lining of the gut, embryonic heart muscle cells, liver

stem cells (see, e.g., WO 94/08598), and neural stem cells.
0066 Epithelial stem cells (ESCs) or keratinocytes can
be obtained from tissueS Such as the skin and the lining of
the gut by known procedures. In Stratified epithelial tissue
Such as the skin, renewal occurs by mitosis of Stem cells
within the germinal layer, the layer closest to the basal
lamina. Stem cells within the lining of the gut provide for a
rapid renewal rate of this tissue. ESCs or keratinocytes
obtained from the skin or lining of the gut of a patient or
donor can be grown in tissue culture. If the ESCs are
provided by a donor, a method for Suppression of host verSuS

graft reactivity (e.g., irradiation, drug or antibody adminis
tration to promote moderate immunosuppression) can also

be used.

0067. With respect to hematopoietic stem cells (HSC),

any technique which provides for the isolation, propagation,

and maintenance in vitro of HSC can be used in this

embodiment of the invention. Techniques by which this may
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be accomplished include (a) the isolation and establishment
of HSC cultures from bone marrow cells isolated from the

future host, or a donor, or (b) the use of previously estab

lished long-term HSC cultures, which may be allogeneic or
Xenogeneic. Non-autologous HSC are used preferably in
conjunction with a method of Suppressing transplantation
immune reactions of the future host/patient. In a particular
embodiment of the present invention, human bone marrow
cells can be obtained from the posterior iliac crest by needle
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0072 The pavmEndoLXr adenoviral shuttle plasmid is
constructed by inserting the 718-bp Sig-mEndo chimeric
DNA into the Nhe and Clal sites of adenoviral shuttle

plasmid, pavP9lxr, which is downstream of the Roussar

coma virus (RSV) promoter and upstream of the simian
virus 40 (SV40) polyadenylation signal. An AscI and Nhel
digested Simian cytomegalovirus (SCMV) promoter frag

aspiration (see, e.g., Kodo et al., 1984, J. Clin. Invest.
73:1377-1384). HSCs can be made highly enriched or in

ment is substituted for the RSV promoter in pavmEndoLxc,
which is otherwise identical to pavmEndoLXr. Both shuttle
plasmids contain a LOXP Site for Cre/loX-mediated recom
bination. The Sequence of the transgenes in the paVmEn
doLXr and pAVmnEndoLXc adenoviral plasmids are con
firmed by direct Sequencing analysis.

cultures of bone marrow cells can be established and main

0.073 Recombinant Av3mEndo (with E1, E2a, and E3
deleted) encoding the Sig-mEndo chimera is generated by

Substantially pure form. This enrichment can be accom
plished before, during, or after long-term culturing, and can
be done by any techniques known in the art. Long-term
tained by using, for example, modified Dexter cell culture

techniques (Dexter et al., 1977, J. Cell Physiol. 91:335) or
Witlock-Witte culture techniques (Witlock and Witte, 1982,
Proc. Natl. Acad. Sci. USA 79:3608-3612).
0068 The disclosure of all patents, publications, (includ
ing published patent applications), and database accession
numbers and depository accession numbers referenced in
this Specification are specifically incorporated herein by
reference in their entirety to the same extent as if each Such
individual patent, publication, and database accession num
ber, and depository accession number are specifically and
individually indicated to be incorporated by reference.
0069. It is understood, however, that the scope of the
present invention is not to be limited to the Specific embodi
ments described above. The invention may be practiced
other than as particularly described and still be within the
Scope of the accompanying claims.
EXAMPLE 1.

0070 Generation of Adenoviral Vectors: Method 1
0071. The mouse endostatin (mEndo) cDNA is amplified
by polymerase chain reaction (PCR) from mouse collagen
XVIII clone ID 748987 from Genome Systems (St. Louis,
MO) with the primers 5'-ACT GGT GAC GCG GCC CAT
ACT CAT CAG GACTTT CAG CC-3' (SEQID NO:6) and
5'-AAG GGCTAT (CGATCT AGCTGG CAG AGG CCT
AT-3' (SEQ ID NO:7) (598-bp F1 fragment). The mouse
immunoglobulin k chain leader Sequence (Ig-k leader) is
PCR amplified from pSecTag2 (InVitrogen, Carlsbad,
Calif.) with the primers 5'-CACTGCTTACTG GCT TAT
CG-3' (SEQ ID NO:8) and 5'-CTG ATG AGT ATG GGC
CGC GTC ACC AGT GG-3 (SEQ ID NO:9) (147-bp F2
fragment). PCR is carried out with Pful DNA polymerase
(Stratagene, La Jolla, Calif.) for 35 cycles under the follow
ing conditions: 95 C. hot start for 3 min, 95 C. denatur
ation for 1 min, 55 C. annealing for 1 min, and 72 C.
extension for 2 min. The DNA fragments are gel purified.
The sig-mEndo chimeric DNA (718bp) is generated by PCR
splice overlap extension with F1 and F2 DNA fragments
generated above as templates to assemble mouse Ig-k leader
sequence and murine endostatin cDNA. PCR is carried out
with the primers 5'-CAC TGCTTACTG GCT TAT CG-3'
(SEQ ID NO:8) and 5'-AAG GGC TAT CGA TCT AGC
TGG CAG AGG CCTAT3' (SEQ ID NO: 10), using Pfu
DNA polymerase (Stratagene). PCR is run for 35 cycles
under the following conditions: 95 C. hot start for 3 min,
95 C. denaturation for 1 min, 60° C. annealing for 1 min,
and 72 C. extension for 2 min.

Cre/lox-mediated recombination of two plasmids, pSO3 and
pAVm EndoLXr. The pSO3 plasmid contains a loxP site
followed by the AV3 genome with the deletion of the region

from the left-end inverted terminal repeat (ITR) to the end

of El a. pavmEndoLXr and pSO3 are first linearized with
Not and Clal restriction enzymes, respectively. A transient

transfection is performed with 293 cells (4x10 cells per

well of a six-well plate), using the calcium phosphate
mammalian transfection System (Promega, Madison, Wis.).

The calcium phosphate-DNA precipitate is prepared with
4.8 mg of linearized pavmEndoLXr, 12 mg of linearized
pSO3, 6 mg of pcmvCre, and 6 mg of pcmVE2a in a total
volume of 1.8 ml. A 0.6-ml calcium phosphate-DNA pre
cipitate is added to each well. The 293 cells are incubated

with calcium phosphate-DNA precipitate at 37° C. for 16 hr.

The precipitate is removed and the cells are washed with

phosphate-buffered saline (PBS). Fifteen days posttransfec
tion, cytopathic effect (CPE) is observed. The cells and the

medium are then harvested by Scraping. The crude viral
lysate is prepared by five cycles of freezing and thawing.
0074 The Av3mEndo vector is reamplified in S8 cells
with 0.3 mM dexamethasone in Richter's CM containing
5% FBS until CPE is observed. The adenoviral vector titer

(particles per milliliter) and biological titer (plaque-forming
units IPFU per milliliter) are determined as described
(Mittereder et al., 1996). Recombinant Av3CsmEndo con
taining Sig-mEndo driven by the CMV promoter is gener
ated in the same manner by Cre/loX-mediated recombination
of pSO3 and pAVmEndoLXc. The correct genome Structures
of the purified AV3mEndo, AV3CsmEndo, and control
AV3Null are confirmed by restriction digests and Southern
blot analysis. The AV3mEndo and AV3CsmEndo seedlot are
confirmed to be negative for replication-competent adenovi

rus (RCA).
0075) The Supernatant from Av3mEndo-transformed S8
cells contains a 20-kDa protein, the expected size of
endostatin, that potently inhibits VEGF165-induced migra

tion of HUVEC cells and ELISA demonstrated that 10

AV3mEndo-transduced Hep3B cells secrete 1-2 tug of
murine endostatin per 24 hours.
0.076 Generation of Adenoviral Vectors: Method 2

0.077 Murine cDNA is obtained by isolating RNA (RNe
asy Mini kit, Qiagen, Valencia, Calif.) from Snap-frozen
2-week-old C57BL/6 mouse (Charles River Laboratories,
Wilmington, Mass.) liver and by treating with Moloney
murine leukemia virus reverse transcriptase (Life Technolo
gies, Inc., Gaithersburg, Md.). The murine endostatin gene
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is cloned into the TA cloning vector (Invitrogen, Carlsbad,
Calif.) by PCR using the primers sense 5'-GATCTCTA
GACCACCATGCATACTCATCAGGACTT-3' (SEQ ID
NO:11) and antisense 5'-ACTGGAGAAAGAGGTT
TATCTAGCTACTAG-3' (SEQ ID NO:12). The 18-amino

acid E3/19K signal sequence MRYMILGLLALAAVCSAA

(SEQ ID NO:13) is inserted upstream from the endostatin
sequence by PCR using the primers sense 5'-GATCTCTA
GACCACCATGAGGTACATGATTTTAG
GCTTGCTCGCCCTTGCGG CAGTCTGCAGCGCGGC

CCATACTCATACTCATCAGGACTTTCAG-3' (SEQ ID
NO: 14) and antisense (as above). Plasmid DNA is amplified
in DH5 cells (Life Technologies), and the signal Sequence
murine endostatin (SS-mendo) Sequence is confirmed (ABI
Prism 310 autoSequencer; PE Applied Biosystems, Foster
City, Calif.).
0078. The SS-mendo construct is digested with EcoRI

and cloned by blunt-end ligation into the multiple cloning
site of the adenoviral shuttle plasmid pad/CMV.1. The
resulting plasmid is recombined with type 5 E1A/B-deleted

Ad2 and used to infect 293 cells (American Type Culture
Collection, Manassas, Va.). Plaque DNA is extracted using

proteinase K digestion, phenol eXtraction, and ethanol pre
cipitation and screened for SS-mendo by PCR. The resulting
virus, Ad-SS-mendo, is amplified in 293 cells. A similar
Strategy is used to create control recombinant viruses con
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GAGGTCAT3' (SEQ ID NO:16) for subcloning into pBlue
Script (Stratagene). A Synthetic oligonucleotide coding for
the rat insulin leader Sequence is cloned in front of the
endostatin gene. After Sequence confirmation, the rat insulin
leader-endostatin cDNA is cloned into the recombinant

adenovirus (ADV) shuttle vector pADV.hEF1-C (human
elongation factor 1-C) for the rescue of the recombinant
adenovirus as described by Bautista, D. S. et al., (1991)
Virology 182, 578-596. The viral particles are measured by
absorption (A260), and the plaque-forming units are deter
mined by Standard agarose-overlay plaque assay on 293

cells. The cDNA for the construction of the ADV.hVEGF165

is obtained through reverse transcription-PCR of RNA iso
lated from human umbilical vein endothelial cells

(HUVEC). JC and LLC cell lines are obtained from Ameri

can Type Culture Collection. The cells are cultured in RPMI

medium 1640 (JC) and DMEM (LLC). All media are

supplemented with 10% FBS, 0.2 mM glutamine, and 1%
penicillin/streptomycin. HUVEC are isolated from umbili

cal cords by collagenase type IV (Sigma) perfusion (0.2% in
Hanks balanced salt solution) for 20 min at room tempera
ture. The cells then are cultured on collagen-coated (1% in
PBS) plates in M199 medium supplemented with 20% FBS,

0.2 mM glutamine, 1% penicillin/Streptomycin, and 1 ng/ml
bFGF.
EXAMPLE 2

taining the genes for f3-gal (Ad-?3-gal) and firefly luciferase
(Ad-luc). Viruses are titered using a standard plaque-form

ing assay in 293 cells. Cells are grown in complete medium
consisting of DMEM with 10% FCS, 100 units/ml penicil
lin, 100 ug/ml Streptomycin, 50 tug/ml gentamicin, 0.5 lug/ml

Fungizone, and 4 mM glutamine (Biofluids, Rockville, Md.
Cells are infected at MOIs ranging from 0.1 to 100 (105 to
108 pful per 106 cells in 1.0 ml of complete media) with

Gene Transfer to Mice and Induction of CNV

0081

Viral vectors are injected into the tail vein of adult

C57BL/6 mice. Mice are injected with 2x10' particles of

either, Av3mEndo (n=18) or Av3mNull (n-17) or with

6x10 particles of either AV3CsmEndo or AV3CsNull. Four
days after Viral vector injection, the mice are anesthetized

Ad-SS-mendo, Ad-luc, or no virus and incubated at 37 C.
for 24 h. Supernatants are centrifuged at 2x g for 5 min and

with ketamine hydrochloride (100 mg/kg body weight),

er's instructions. 293 cell Supernatants are concentrated

by Tobe, et al. Am. J. Pathol. 153, 1641-1646 (1998).
Briefly, krypton laser photocoagulation (100 um spot size,
0.1 seconds duration, 120 mW) is delivered using the slit

assayed for endostatin using a competitive EIA (Cytimmune
Sciences, College Park, Md.), according to the manufactur

10-fold in cellulose colunms (Centricon YM-10; Millipore,
Bedford, Mass.) and analyzed by Western blotting
(NuPAGE; Novex, San Diego, Calif.) using 570 ng/ml rabbit
antimurine endostatin polyclonal IgG antibody (gift of
Cytimmune Sciences). The EIA murine endostatin standard
is used as a positive control. The Susceptibility of the murine

colon adenocarcinoma cell line MC38 (developed in the
Surgery Branch, National Cancer Institute) to adenoviral

infection is tested by infecting cells with Ad-B-gal as
described above and assaying for B-gal 24 h later using a

Staining kit (Boehringer Mannheim, Indianapolis, Ind.). Sus
ceptibility of the murine hepatocyte line NMuLi (American
Type Culture Collection) to Ad-f-gal infection is used as a
positive control.
0079 Generation of Adenoviral Vectors: Method 3
0080 Liver tissue from a BALB/c mouse is homog

enized, and total RNA is extracted (RNeasy kit; Qiagen,
Chatsworth, Calif.). First-strand cDNA is amplified by
reverse transcription-PCR with oligo(dT) primers (Super
Script II; Life Technologies, Grand Island, N.Y.). The full
length mouse endostatin cDNA is amplified by PCR (sense

pupils are dilated with 1% tropicamide, and krypton laser
photocoagulation is used to rupture Bruch's membrane at 3
locations in each eye of each mouse as previously described
lamp delivery system of a Coherent Model 920 Photoco
agulator and a hand held cover Slide as a contact lens. Bums
are performed in the 9, 12, and 3 o'clock positions 2-3 disc
diameters from the optic nerve. Production of a vaporization
bubble at the time of laser, which indicates rupture of
Bruch's membrane, is an important factor in obtaining CNV,
so only burns in which a bubble is produced are included in
the study. A bubble is not produced for 1 burn in mice
injected with Av3mEndo and 3 burns in mice injected with
AV3mNull. The cornea of one eye of a mouse that had been
injected with AV3mEndo has a corneal Scar that prevented
laser use and that eye is not used.
EXAMPLE 3

Measurement of the Size of Laser-Induced CNV
Lesions

primer with a ClaI linker, 5'-ATCGATCATACTCATCAG

0082 Two weeks after laser treatment, the size of CNV
lesions is evaluated by one of two different techniques,
measurement of the integrated area of CNV on Serial Sec
tions as previously reported by Seo, et al., Amer. J. Pathol.

with a NotI linker, 5'-GCGGCCGCCTATTTGGAGAAA

in choroidal flat mounts as described by Edelman et al.,

GACTTTCAGCC-3' (SEQ ID NO: 15); antisense primer

154, 1743-1753 (1999) or measurement of the area of CNV
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Invest. Ophthalmol. Vis. Sci. 41, S834 (2000). For mice

injected with AV3mEndo, 10 mice are evaluated by the flat
mount technique and 8 by Serial Sections, and for mice
injected with Av3mNull, 10 mice are evaluated by the flat
mount technique and 7 by Serial Sections.
0.083 Mice used for the flat mount technique are anes
thetized and perfused with 1 ml of phosphate-buffered saline

containing 50 mg/ml of fluorescein-labeled dextran (2x10'

average mw, Sigma, St. Louis, Mo.) as previously described

by Tobe, et al., Invest. Ophthalmol. Vis. Sci. 39, 180-8

(1998). The eyes are removed and fixed for 1 hour in 10%

phosphate-buffered formalin. The cornea and lens are
removed and the entire retina is carefully dissected from the

eyecup. Radial cuts (4-7, average 5) are made from the edge

of the eyecup to the equator and the eyecup is flat mounted
in Aquamount with the Sclera facing down and the choroid
facing up. Flat mounts are examined by fluorescence
microScopy and images are digitized using a 3 CCD color
Video camera and a frame grabber. Image-Pro Plus is used
to measure the total area of hyperfluorescence associated
with each burn, corresponding to the total fibrovascular Scar.
0084. For mice injected with Av3mEndo, a total of 19

eyes are evaluated (one eye had a pre-existent corneal Scar
that precluded laser treatment) and there is one burn that had
not been associated with a bubble, so that 56 lesions are

measured. For mice injected with Av3mNull, a total of 20
eyes are evaluated and Since there are 3 burns that had not
been associated with a bubble, 57 lesions are measured. The

areas within each eye are averaged and after log transfor
mation, regression analysis with generalized estimating
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0087. In initial experiments, the amount of CNV at sites
of laser-induced rupture of Bruch's membrane is compared
in mice injected with Av3mEndo and mice injected with
AV3mNull. The amount of CNV is assessed by two different
techniques; measurement of the area of CNV perfused by
fluorescein-labeled dextran on choroidal flat mounts and

measurement of the area of CNV on serial sections through
the entire lesion. The area of laser-induced CNV in choroidal

flat mounts appeared leSS in mice injected with AV3mEndo
compared to uninjected mice or mice injected with AV3Null.
The difference seen by visual comparison is confirmed by
image analysis performed by investigators masked with
respect to treatment group, which showed that the mean area
of perfused CNV lesions in mice injected with Av3mEndo is
significantly less than that in AV3Null-injected controls

(Table 1).
TABLE 1.
Area of Perfused CNV on Choriodal Flat Mounts

Vector
Av3mEndo
AV3Null

Mice

Eyes

1O
1O

19
2O

Lesions Area (10 mm)
56
57

13.73 - 1.36
29.41 2.19

P
&O.OOO1

Integrated Area of CNV on Serial Sections Through Entire Lesions

equations (GEE) is performed. This analysis adjusts for

Vector

correlation between right and left eyes of each mouse.
0085 Mice used to measure the integrated area of CNV

Av3mEndo
AV3Null

Mice

Eyes

8
7

15
13

Integrated Area
Lesions (10 mm)
44
37

5.88 - 0.91
12.58 - 2.21

P
&O.OOO1

on Serial Sections are Sacrificed 2 weeks after laser treatment

and eyes are rapidly removed and frozen in optimum cutting

temperature embedding compound (OCT, Miles Diagnos
tics, Elkhart, Ind.). Frozen Serial Sections (10 um) are cut

through the entire extent of each burn and histochemically
stained with biotinylated griffonia simplicifolia lectin B4

(GSA, Vector Laboratories, Burlingame, Calif.) which selec

0088 Serial sectioning through CNV lesions also showed
Smaller lesions in mice injected with AV3mEndo compared
to mice injected with Av3Null. The integrated area of CNV
obtained by adding together the area of CNV on each serial

tively binds to vascular cells. Slides are incubated in metha

Section, which assesses Size in 3 dimensions, confirmed that

nol/HO, for 10 minutes at 4° C., washed with 0.05 M

there is significantly less CNV at sites of Bruch's membrane
rupture in mice injected with AV3mEndo compared to

Tris-buffered saline, pH 7.6 (TBS), and incubated for 30

minutes in 10% normal porcine serum. Slides are incubated
2 hours at room temperature with biotinylated GSA and after
rinsing with 0.05M TBS, they are incubated with avidin

coupled to peroxidase (Vector Laboratories) for 45 minutes

at room temperature. After being washed for 10 minutes

Av3Null injected-mice (Table 1). Since both measurement
techniques provide very Similar information, only choroidal
flat mounts are used in Subsequent experiments.

0089. There is an inverse correlation between endostatin

with 0.05 MTBS, slides are incubated with Histomark Red

serum levels and the area of CNV. Serum levels of endosta

distinguishable from melanin. Some Slides are counter

tin are optimal 4-7 days after intravenous injection of the
vectors. A group of mice are injected with AV3mEndo,

(Kirkegaard and Perry) to give a red reaction product that is

stained with Contrast Blue (Kirkegaard and Perry).
0.086 To perform quantitative assessments, GSA-stained
Sections are examined with an Axioskop microscope and
images are digitized using a 3 CCD color Video camera and
a frame grabber. Image-Pro Plus software is used to delin
eate and measure the area of GSA-stained blood vessels in

the Subretinal Space. For each lesion, area measurements are
made for all Sections on which Some of the lesion appeared
and added together to give the integrated area measurement.
The measurements within each eye are averaged and regreS
sion analysis with GEE is performed.

AV3CsmEndo, AV3Null, or AV3CsNull. Laser treament is

done on day 4 and Serum is obtained 7 days after injection.
With investigators masked with respect to Vector group and
endostatin serum level, the area of CNV is measured on

choroidal flat mounts 14 days after laser photocoagulation.
Mice injected with Av3CsmEndo appear to have less CNV
than uninjected mice or those injected with Av3CsNull.
Image analysis confirms that the area of CNV lesions is
significantly less in mice injected with either AV3CsmEndo

or AV3mEndo compared to controls (Table 2).
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0094 Endostatin serum levels are determined with a
murine endostatin enzyme-linked immunoSobent assay

TABLE 2
Area of Perfused CNV on Choriodal Flat Mounts

Vector
Av3CsmEndo

Mice Eyes Lesions Area (10 mm) P
11

22

66

8.87

O.85

* <0.0001,
** O.OOO1

Av3mEndo
Av3CsNull
Av3Null
No vector

1O
11
9
11

19

55

21
17
21

62
48
59

18.36 - 2.24
24.41 2.92
32.91 - 4.87
31.71 - 3.98

*O.OO13,
** O.OOO4.
*O.22
*O.89

* for difference from no vector controls; **for difference from corespond
ing null vector control

0090 Plotting the mean area of CNV lesions vs. endosta
tin Serum level in each mouse shows a strong inverse
correlation with r=-0.66.
EXAMPLE 4

Analysis of Expression of EndoStatin in Eye and
Liver

0.091 To determine whether systemic administration of
adenoviral vectorS results in Significant transduction of the
eye, a group of mice is injected with AV3nBg. This vector
expresses B-galactosidase from an RSV promoter. After 5
days, the mice are Sacrificed and B-galactosidase activity is
measured in homogenates of the eye and liver using a
chemiluminescence assay. Livers and eyes are Snap frozen
following removal from mice. On the day of the assay, livers

or eyes are homogenized in lysis buffer (40:1 V/v 1x
Reporter Lysis Buffer (Promega, Madison Wis.): Protease
inhibitor Cocktail (Sigma, St Louis Mo.)). Protein content is
determined by Bradford Assay (Biorad, Hercules Calif.).
B-galactosidase activity is determined using the Galacto
Light system (Tropix, Bedford Mass.).
0092. In the livers of mice that received vector, levels of
B-galactosidase activity are approximately 1000-fold higher
than uninjected controls, whereas in the eye, the levels of
this enzyme activity are similar between vector-injected and
control animals. The absence of detectable f3-galactosidase
activity in the eye following administration of an adenovirus
expressing this enzyme Suggests that the antiangiogenic
effect after intravascular injection of endostatin vectorS is
due to Systemically-produced rather than locally-produced

endostatin.
EXAMPLE 5

Comparison of Mice Injected with Av3mEndo to
Those Injected with Ac3CsmEndo

0093 Mice are injected in the tail vein with 2x10'
particles of Av3mEndo (n=10) or AV3mNull (n=9), or they
are injected with 6x10' particles of Av3CsmEndo (n=11) or

Av3CSmNull (n=11). A no injection control group (n=11) is

also included. Four days after injection, Bruch's membrane
is ruptured with laser in three places in each eye of each
mouse as described above. Seven days after injection, blood

is drawn from the tail vein of each mouse and Serum is Stored

at -80 C. for ELISAS. Eighteen days after injection and 14
days after laser, the area of CNV is assessed on choroidal flat
mounts as described above.

(ELISA) kit (ACCUCYTE murine endostatin:Cytimmune
Sciences, College Park, Md.) according to the manufactur
er's instructions.

0095 Characterization of the second vector construct,
AV3CSmEndo, demonstrated that its intravascular injection
results in approximately 10-fold higher maximal endostatin
levels compared to levels in mice that are injected with the

maximum tolerated dose of Av3mEndo particles (2x10'

pfu). Serum levels of endostatin are significantly higher in
the AV3mEndo and Av3CsmEndo injected mice than in
controls with no injection or a null vector injection. Basal
levels of endostatin in mice are found to be between about

30 to 150 ng/ml of serum.
0096. Thus, mice that are injected with a construct in
which Sig-mEndo expression is driven by the Rous Sarcoma
Virus promoter have moderately high Serum levels of
endostatin and significantly smaller CNV lesions at sites of
laser-induced rupture of Bruch's membrane than mice that
are injected with null virus. Mice that are injected with a
construct in which Sig-mEndo is driven by the Simian
cytomegalovirus promoter have roughly 10-fold higher
endostatin serum levels and have significantly less CNV,
with nearly complete inhibition.
EXAMPLE 6

Generation of a Recombinant Adenoviral Vector

Encoding Human Endostatin
0097. The human endostatin cDNA is PCR amplified
from the cDNA of human C.1 (XVIII) collagen. The human
liver cDNA is generated from human liver poly A RNA
(Clonetech, Palo Alto, Calif.) by reverse transcriptase poly
merase chain reaction (RT-PCR). The reverse transcription
is carried out with the primer of 5'-TTTTTTTTT CAGTGT
AAAAGGTC-3' (SEQ ID NO: 17) using the Perkin Elmer
RT-PCR kit (PerkinElmer Applied Biosystems, Foster City,
Calif.) for 1 cycle in the following conditions: room tem
perature for 10 min, 42 C. reverse transcribing for 3 min,
99 C. denaturation for 5 min, 5 C. cooling for 5 min, and
hold at 4 C. until the cDNA is ethanol precipitated and
resuspended. The 790 bp human endostatin cDNA fragment
is PCR amplified from the prepared cDNA with the primers
of 5'-CAG ATG ACA TCC TGG CCA G-3 (SEQ ID NO:
18) and 5'-CTATACAGGAAA GTATGG CAG C-3' (SEQ
ID NO:19). PCR is carried out for 35 cycles in the following
condition: 95 C. hot start for 3 min, 80° C. for 3 min

followed by the addition of Pful DNA polymerase (Strat
agene, La Jolla, Calif.), 95 C. denaturation for 1 min, 55
C. annealing for 1 min, and 72 C. extension for 3 min. The

790 bp human endostatin cDNA fragment is gel purified and
reamplified as described except using the annealing tem
perature of 58° C. The 790 bp human endostatin cDNA
fragment is gel purified and cloned into PCR-Script Amp

SK--using PCR-Script Cloning Kits (Stratagene) according

to the manufacturer's procedure to generate pcrhend 1. The
human endostatin cDNA region of the pcrhend 1 plasmid is
confirmed with the direct Sequencing analysis by Gene
Therapy Core Technologies Molecular Core Laboratory at
Genetic Therapy, Inc. Gaithersburg, Md.
0098. The human endostatin cDNA fragment is
assembled with human BM40 basement protein leader
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according to the following procedure. The BM40 basement
protein leader is generated by annealing 2 pieces of Synthe
sized oligonucleotides, 5'-GCC AAG CTT CCATGAGGG
CCT GGATCTTCTTTCTCC TTT GCC TGG CCG GGA
GGG CTC TGG CAG CCC CTC AGC AAG AAG CGC
TCG CTC ACA GCC ACC GCG ACT TCC AGC CGG

TGCTCC A-3' (sense) (SEQ ID NO:20), and 5'-CCAGGT
GGA
GAG
GAG
AGA

GCA CCG GCT GGAAGT CGC GGT GGC TGT
CGA GCG CTT CTT GCT GAG GGG CTG CCA
CCC TCC CGG CCA GGC AAA GGA GAA AGA
TCC AGG CCC TCA TGG AAG CTT GGC-3'

(antisense) (SEQ ID NO:21) followed by Hind III and Sex
A1 digestion. The digested BM40 basement protein leader is
cloned into Hind III and Sex A1 sites of pcrhend 1 to
generate pBmpcrhen plasmid. The entire Sig-hEndo region
of the pbmpcrhen plasmid is confirmed with the direct
Sequencing analysis.

0099] The adenovial shuttle plasmid pAV1bmhendlk is
generated by Substitution of the Factor IX (F9) containing

Sequence with the Sig-Endo containing Sequence in
pAVF9LXr adenoviral shuttle plasmid in the following pro
cedure. An 800 bp fragment containing Sig-hEndoSequence
is generated from pbmpcrhen by SacI digestion followed by
Klenow fill in and Sal I digestion. The pavP9LXr plasmid is
digested with Bam HI restriction enzyme followed by Kle
now fill in and digested with Sal I restriction enzyme to
remove F9 containing Sequences. The two digested frag
ments are gel purified and ligated to generate
pAV1bmhendly.

0100 Human endostatin cDNA is RT-PCR generated
from the C-terminus of cDNA of human C.1 (XVIII) col

lagen from human liver poly A RNA. The human BM40
basement protein leader is generated from two pieces of
synthesized oligonucleotides. The annealed human BM40
basement protein leader is cloned 5' of the human endostatin
cDNA to generate Sig-hEndochimeric protein for the Secre
tion of human endostatin protein. The Sig-hEndo chimeric
DNA is cloned into the adenoviral shuttle plasmid, pavP9lxr
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re-amplified in S8 cells with 0.3 uM dexamethasone in
Richter's CM medium containing 5% FBS until cytopathic
effect is observed.

0102 AV3bmhendlk-mediated human endostatin expres
Sion and Secretion is characterized in vector-transduced S8

cells. The Supernatant protein of cells infected with
AV3bmnhendlx, i.e., human endostatin, is analyzed by SDS
PAGE. Each 20 lug of Supernatant protein is analyzed on 4
to 12% linear gradient precasted gel. The SDS-PAGE is
transferred to a polyvinylidene fluoride membrane. The
membrane is stained with Coomassie blue R-250. 20 kDa

protein bands, corresponding to the correct Size of human
endostatin, are excised from a membrane blot and Subjected
to N-terminal protein Sequencing analysis. The protein
Sequence of three major Secreted proteins is determined,
with 50% containing the amino acid Sequence of human
endostatin with the additional amino acid residues

APQOEALA(SEQ ID NO: 5), 25% containing residues LA,
and 25% containing no residues from human BM40 base
ment protein Signal peptide. The 20 kDa protein is not found
in the Supernatant protein from AV3Null cells. The results
demonstrate that S8 cells transduced with Av3bmhendlk

express and Secrete human endostatin after it is processed
from human BM40 basement protein signal peptide.
EXAMPLE 7

In Vivo Transduction of Retinal Pigment Epithelial
Cells With BIV Vectors

0103) Bovine immunodeficiency viral (BIV) vectors
System (described in published international patent applica
tion number WOO144458, the disclosure of which is incor
porated by reference herein in its entirety) and are injected

encoding eGFP are generated from the three component

into mouse eye via Subretinal injection (5x10 transducing

units/per eye). The eye tissue is harvested, Sectioned, and

to create paV1bmhendlx (FIG. 12A). The entire sig-hEndo

examined for eGFP expression at different time points
ranging from one week to ten weeks after injection. The
Sectioned tissue is directly examined by immunofluores
cence microscopy for eGFP expression or detected with
immunohistochemistry Staining. A significant portion of

0101 Recombinant Av3bmhendlk (with E1, E2a, and
E3-deletions) encoding the Sig-hEndo chimeric protein is

vectors as indicated by eGFP expression, detected by both
immunohistochemical Staining and by immunofluorescence.

chimeric Sequence is confirmed by auto Sequencing analysis.

generated by the “Quick Cre/LOX two plasmid system”
according to the following procedure. The plasmids
pAV1bmhendlx and pSO3 are linearized first with Not I and
Cla I restriction enzymes, respectively. The S8 cells are
pretreated with 0.3 uM dexamethasone 24 hours before the
transient transfection that is performed on the 6-well plate at
4x105 S8 cells per well using LipofectAMINE PLUS

Reagent (Life Technologies, Rockville, Md.). The lipo

fectamine complexed DNA is prepared with 1 lug of linear
ized pSO3, 0.5 ug pCre, and 0.5 lug linearized
pAV1bmhendlk, and 6 ul of lipofectamine according to the

manfacturer's procedure (Life Technologies). The S8 cells
are incubated with lipofectamine complexed DNA at 37 C.
for 4.5 hours. The lipofectamine complexed DNA is
removed and the cells are ished with PBS. The transfected

S8 cells are cultured at 37° C. with 5% CO2 until the

cytopathic effect is observed. The cells and the medium are
harvested by Scraping. The crude Viral lysate is prepared by
five cycles of freezing and thawing. The AV3bmhendlx is

retinal pigment epithelial (RPE) cells are transduced by BIV
EXAMPLE 8

Inhibition of Ocular Neovascularization In Vivo by
BIV Vector Mediated Anti-Angiogenesis Gene
Expression
0104. A BIV vector encoding murine endostatin prepared

according to O'Reilly et al., Cell, 88(2):277-85 (1997) is
administered via Subretinal injection of transgenic mice

(IRBP/rtTA-TRE/VEGF tyMICE) that express Vascular

Endothelial Growth Factor from mouse photoreceptor cells
upon induction with Doxycyclin. BUV vectors are injected
into mouse right eyes while the left eyes Serve as controls
without injection of vectors. Three weeks after vector injec
tion. 0.5 mg/ml of Doxycyclin is placed in the drinking
water for the transgenic mice. It is found that Doxycyclin
induced VEGF expression results in Severe neovasculariza
tion on the left eyes of the transgenic mice by examination
of fluorescein angiograms. VEGF-induced neovasculariza
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tion is completely blocked by BIV vector-mediated endosta
tin expression in the right eyes in the same animals.
EXAMPLE 9

Gutless Adenoviral, Vector-Mediated Regulated
Endostatin Expression in the Eye Results in
Significant Prevention of VEGF-Induced BRB

adenoviral vectors, which are devoid of all viral coding
regions. One vector encodes the transcription factor, and the
Second encodes the target promoter driving transcription of
a nucleic acid encoding endostatin. The two vectors are
injected into mice, which results in efficient liver transduc
tion. Administration of tamoxifen to the mice results in

Breakdown in the Mouse

0105 Regulated expression of endostatin in vivo using
an adenoviral vector delivery System is achieved according
to methods described by Xu et al., Molecular Therapy,

3:262 (2001). This regulatory system is composed of two

components, an inducible transcription factor, and a respon
Sive promoter driving expression of mouse endostatin. The
transcription factor consists of a modified human estrogen
ligand binding domain that is responsive to tamoxifen, a
unique cysteine 2-histidine 2 Zinc finger DNA binding motif,
and a minimal transactivation domain from VP 16. The

responsive promoter consists of 6 repeats of the DNA
Sequence recognized by the transcription factor DNA bind

ing domain (DBD) and a DNA encoding endostatin. In the

presence of tamoxifen, this transcription factor activates
transcription from a unique target nucleic acid Sequence
linked to a minimal promoter. When evaluated with a
luciferase reporter in vitro, tamoxifen induces expression up
to 250 fold. This system is incorporated into two gutless

inducible expression of endostatin, yielding extremely high
plasma levels of up to 20 ug/ml. Tamoxifen induction is
achieved four times over a two-month period. In the absence
of tamoxifen, background levels of endostatin are observed.
0106 This vector system is employed in the mouse eye,
using a transgenic mouse model where induction of vascular

endothelial growth factor (VEGF) expression causes retinal
neovascularization. Specifically, the transgenic mouse

(IRBP/rtTA-TRE/VEGF tyMICE) expresses VEGF from

mouse photoreceptor cells upon induction with Doxycyclin.
0.5 mg/ml of Doxycyclin is placed in the drinking water for
the transgenic mice. Doxycyclin-induced VEGF expression
results in Severe neovascularization in the control eyes of the
transgenic mice that are treated with a gutleSS adenoviral

vector that does not contain a transgene (AGVnull) in the

presence of tamoxifen. However, mice that are treated via
Subretinal injection with a mixture of the two gutleSS vectors

(AGVend) show a significant reduction in BRB breakdown
in the presence of tamoxifen. These results demonstrate a
Significant anti-angiogenic activity of regulated endostatin
expression.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 21
<210> SEQ ID NO 1
&2 11s LENGTH 183
&212> TYPE PRT
<213> ORGANISM: Human

<400

SEQUENCE: 1

His Ser His Arg Asp Phe Glin Pro Wall Leu. His Leu Val
1

5

10

Ala Lieu. Asn
15

Ser Pro Leu Ser Gly Gly Met Arg Gly Ile Arg Gly Ala Asp Phe Glin
25

Phe Glin Glin Ala
35
Phe Teu Ser Ser
5O

Asp Arg Ala
65

Arg

Ala Wall
40

Telu Glin
55

Asp

30

Gly Lieu

Ala

Gly

Teu

Ser Ile Wall
60

Thr Phe
45

Arg Ala

Arg Arg Ala

Wall Pro Ile Wall Asn Leu Lys Asp Glu Teu Teu Phe
70
75
8O

Pro Ser Trp Glu Ala Telu Phe Ser Gly Ser Glu Gly Pro Leu Lys Pro
85

90

95

Gly Ala Arg Ile Phe Ser Phe Asp Gly Lys Asp Wall Leu Arg His Pro
105

Thr

Trp Pro Gin

Ser Wall

115

Arg
Ala
145

110

Trp His Gly Ser Asp

Pro Asn

120

125

Cys Glu Thr Trp Arg Thr

Teu Thr Glu Ser
130

135

Gly Arg

Glu Ala Pro Ser

14 O

Thr Gly Glin Ala Ser Ser Lieu Lieu Gly Gly Arg Telu Leu Gly Glin
15 O

155

160
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-continued

Ser Gly Arg Lieu Lleu Glu Gln Lys Ala Ala Ser Cys His Asn. Ser Tyr
18O

185

190

Ile Val Leu Cys Ile Glu Asn Ser Phe Met Thr Ser Phe Ser Lys
195

200

2O5

<210> SEQ ID NO 4
<211& LENGTH 624
&212> TYPE DNA
<213> ORGANISM: Mouse

<400

SEQUENCE: 4

atggagacag acacactcct gctatoggta citgctgctot goggttcCagg titccactggit

60

gacgcggc.cc atactcatca ggactittcag ccagtgctoc acct ggtggc actgaac acc

120

cc cctotctg gaggcatgcg togtaltcogt ggagcagatt to cagtgctt coagcaa.gc.c

18O

cgagcc.gtgg ggctgtcggg cacct tcc.gg gctitt cotgt cct citaggct gcaggat citc

240

tatago atcg tdcgcc.gtgc tigaccggggg totgtgcc.ca togtoaacct gaaggacgag
gtgctatotc ccagotggga citc.cctgttt totggcticcc agggit caagt gcaa.ccc.ggg

360

gccc.gcatct tittcttittga cqg cagagat gtcct gagac accoagcct g gcc.gcagaag

420

agcg tatggc acggctcqga ccc.ca.gtggg cqgaggctga tiggagagitta citgtgaga.ca

480

tggc galacto aaactactgg ggctacaggt caggcct cot coctogctgtc. agg caggctic

540

citggaacaga aagctg.cgag citgccacaac agctacatcg toctotgcat tdagaatago

600

titcatgacct citttctocaa atag

624

<210

SEQ ID NO 5

&2 11s LENGTH 8
&212> TYPE PRT
<213> ORGANISM: Human

<400

SEQUENCE: 5

Ala Pro Glin Glin Glu Ala Leu Ala
1
5

<210> SEQ ID NO 6
&2 11s LENGTH 38
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 6

actggtgacg cqgcc.catac toatcaggac titt cago c
<210

38

SEQ ID NO 7

&2 11s LENGTH 32
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 7

aagggctato gatctagotg gcagaggcct at
<210

SEQ ID NO 8

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence

32
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-continued
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 8

cactgcttac togcttatcg

<210

20

SEQ ID NO 9

&2 11s LENGTH 29
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 9

citgatgagta toggcc.gc.gt caccagtgg

29

<210> SEQ ID NO 10
&2 11s LENGTH 32
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 10

aagggctato gatctagotg gcagaggcct at

32

<210> SEQ ID NO 11
&2 11s LENGTH 35
&212s. TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 11

gatctotaga ccaccatgca tactcatcag gacitt

35

<210> SEQ ID NO 12
&2 11s LENGTH 30
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 12

actggaga aa gaggtttatc tagctactag

30

<210> SEQ ID NO 13
&2 11s LENGTH 18
&212> TYPE PRT

<213> ORGANISM: Adenovirus

<400

SEQUENCE: 13

Met Arg Tyr Met Ile Leu Gly Lieu Lieu Ala Lieu Ala Ala Wall Cys Ser
1

5

Ala Ala

<210> SEQ ID NO 14
&2 11s LENGTH 96
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

10

15
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<400

SEQUENCE: 14

gatctotaga ccaccatgag gtacatgatt ttaggcttgc ticgcc cittgc ggcagtctgc

60

agcgcggc.cc atacticatac toatcaggac titt cag

96

<210

SEQ ID NO 15

&2 11s LENGTH 29
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 15

atcg atcata citcatcagga citttcagoc

29

<210> SEQ ID NO 16
&2 11s LENGTH 29
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 16

gcqgcc.gc.ct atttggagaa agaggtoat

<210

29

SEQ ID NO 17

&2 11s LENGTH 23
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 17

tttitttitttc agtgtaaaag gito

23

<210> SEQ ID NO 18
&2 11s LENGTH 19
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 18

cagatgacat cotggc.ca.g

<210

19

SEQ ID NO 19

<211& LENGTH 22
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 19

citatacagga aagtatggca gc

<210> SEQ ID NO 20
&2 11s LENGTH 118
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 20

22
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gccaagctitc catgagggcc toggat.cttct ttctoctittg cct gg.ccggg agggctotgg

cagoccctica gcaagaag.cg citc.gctoaca gccaccg.cga citt.ccagoc g g to citcca

60

118

<210> SEQ ID NO 21
<211& LENGTH: 123
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 21

cCaggtggag Caccggctgg aagttcgcggt ggctgtgagc gag.cgcttct togctgagggg

60

citgccagagc cctoccggcc aggcaaagga gaaagaagat coaggcc citc atggaag citt

120

ggC

123

What is claimed is:
1. A method for the treatment of ocular neovascularization

in an individual afflicted with ocular neovascularization,

comprising:
effecting an increase in the amount of an endostatin in
ocular tissues of an individual afflicted with ocular
neovascularization to an ocular neovascularization

inhibiting effective amount.
2. The method of claim 1 wherein the endostatin is a

polypeptide with the amino acid sequence set forth in SEQ
ID NO:1.

3. The method of claim 1, wherein the endostatin is a

polypeptide fragment of the polypeptide with the amino acid
sequence set forth in SEQ ID NO:1, a derivative of the
polypeptide with the amino acid Sequence Set forth in SEQ
ID NO:1, or a variant of the polypeptide with the amino acid
sequence set forth in SEQ ID NO:1.

4. The method of claim 1, wherein the increase is effected

by administering an exogenous endostatin to the individual.

5. The method of claim 1, wherein the increase is effected

by causing an endostatin to be produced within the indi
vidual.

6. The method of claim 5, wherein the increase is effected

by administering an effective amount of a viral vector
comprising an endostatin-encoding nucleic acid to the indi
vidual.

7. The method of claim 6, wherein the viral vector is

Selected from the group consisting of an adenovirus, an
adeno-associated virus, a retrovirus, and a lentivirus.
8. The method of claim 7, wherein the viral vector is an
adenoviral vector.

9. The method of claim 5, wherein the increase is effected

by implanting within the individual at least one microcap
Sule, wherein the microcapsule comprises cells that Secrete
endostatin.

10. The method of claim 9, wherein the
comprises an alginate Salt.
11. The method of claim 10, wherein the
comprises Sodium alginate.
12. The method of claim 11, wherein the
comprises calcium alginate.
13. The method of claim 12, wherein the
comprises poly L-lysine.

microcapsule
microcapsule
microcapsule
microcapsule

14. The method of claim 9, wherein the cells comprise an
exogenous endostatin-encoding nucleic acid.
15. The method of claim 9, wherein the cells overexpress
an endogenous endostatin-encoding gene.
16. The method of claim 4, wherein between about 2.5

mg/kg per day and about 20 mg/kg per day of endostatin is
administered to the individual.
17. The method of claim 8 wherein the adenoviral vector

is administered in an amount effective to provide for expres
Sion of endostatin by the individual to result in a concen
tration of endostatin of up to 1,000,000 ng/ml in the serum
of the individual.
18. The method of claim 8 wherein the adenoviral vector

is administered in an amount effective to provide for expres
Sion of endostatin by the individual to result in a concen
tration of endostatin of at least about 300 ng/ml in the serum
of the individual.
19. The method of claim 18 wherein endostatin is

expressed in the individual in a Sufficient amount to result in
a concentration of endostatin of about 300 ng/ml to about
3000 ng/ml in the serum of the individual.
20. The method of claim 19, wherein endostatin is

expressed in the individual in a Sufficient amount to result in
a concentration of endostatin of about 300 ng/ml to about
1500 ng/ml in the serum of the individual.
21. The method of claim 6, wherein the vector is admin

istered in an amount of from about 10 plaque forming units
to about 10' plaque forming units.
22. The method of claim 8, wherein the vector is admin

istered in an amount of from about 10 plaque forming units
to about 10' plaque forming units.
23. The method of claim 9 wherein microcapsules are
implanted in an amount effective to provide for expression
of endostatin by the cells to result in a concentration of
endostatin of up to 1,000,000 ng/ml in the serum of the
individual.

24. The method of claim 8 wherein microcapsules are
implanted in an amount effective to provide for expression
of endostatin by the individual to result in a concentration of
endostatin of at least about 300 ng/ml in the serum of the
individual.

25. The method of claim 18 wherein the microcapsules
are implanted in the individual in a Sufficient amount to
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result in a concentration of endostatin of about 300 ng/ml to
about 3000 ng/ml in the serum of the individual.
26. The method of claim 19, wherein microcapsules are
implanted in the individual in a Sufficient amount to result in
a concentration of endostatin of about 300 ng/ml to about
1500 ng/ml in the serum of the individual.
27. The method of claim 6, wherein endostatin-encoding
nucleic acid has the sequence set forth in SEQ ID NO:2.
28. A method according to any one of claim 1 wherein the
ocular neovascularization is caused by a member Selected
from the group consisting of histoplasmosis, pathological
myopia, angioid Streaks, anterior ischemic optic neuropathy,

31. A method according to claim 30, wherein the viral
vector is administered Subretinally.
32. A method according to claim 30, wherein the viral
vector is administered intravitreally.
33. A method according to claim 7, wherein the viral

bacterial endocarditis, Best's disease, birdshot retinochor

is administered in an amount effective to provide for expres
Sion of endostatin by the individual to result in a concen
tration of endostatin of at least about 300 ng/ml in the serum

oidopathy, choroidal hemangioma, choroidal nevi, choroidal
nonperfusion, choroidal osteomas, choroidal rupture, chor
oideremia, chronic retinal detachment, coloboma of the

retina, Druser, endogenous Candida endophthalmitis, extra
papillary hamartomas of the retinal pigmented epithelium,
fundus flavimaculatus, idiopathic, macular hole, malignant

melanoma, membranproliferative glomerulonephritis (type
II), metallic intraocular foreign body, morning glory disc
Syndrome, multiple evanescent white-dot Syndrome

(MEWDS), neovascularization at ora Serrata, operating

microScope burn, optic nerve head pits, photocoagulation,
punctate inner choroidopathy, rubella, Sarcoidosis, Serpigi
nous or geographic choroiditis, Subretinal fluid drainage,
tilted disc Syndrome, Taxoplasma retinochoroiditis, tuber
culosis, Vogt-Koyanagi-Harada Syndrome, diabetic retin
opathy, non-diabetic retinopathy, branch vein occlusion,
central retinal vein occlusion, retinopathy in premature
infants, rubeosis iridis, neovascular glaucoma, perifoveal
telangiectasis, Sickle cell retinopathy, Eale's disease, retinal
vasculitis, Von Hippel Lindau disease, radiation retinopathy,
retinal cryoinjury, retinitis piginentosa, retinochoroidal
coloboma, corneal neovascularization due to herpes simplex
keratitis, corneal ulcers, keratoplasty, pterigyia, and trauma.
29. The method according to claim 28 wherein the ocular
neovascularization is choroidal neovascularization.

30. A method according to claim 6, wherein the viral
vector is administered intraocularly.

vector is a lentiviral vector.
34. The method of claim 33 wherein the lentiviral vector

is administered in an amount effective to provide for expres
Sion of endostatin by the individual to result in a concen
tration of endostatin of up to 1,000,000 ng/ml in the serum
of the individual.
35. The method of claim 34 wherein the lentiviral vector

of the individual.
36. The method of claim 35 wherein endostatin is

expressed in the individual in a Sufficient amount to result in
a concentration of endostatin of about 300 ng/ml to about
3000 ng/ml in the serum of the individual.
37. The method of claim 36, wherein endostatin is

expressed in the individual in a Sufficient amount to result in
a concentration of endostatin of about 300 ng/ml to about
1500 ng/ml in the serum of the individual.
38. The method of claim 33, wherein the lentiviral vector

is a bovine immunodeficiency viral vector.
39. The method of claim 38, wherein the bovine immu

nodeficiency viral vector is administered intraocularly.

40. The method of claim 39, wherein the bovine immu

nodeficiency viral vector is administered Subretinally.

41. The method of claim 40, wherein the bovine immu

nodeficiency viral vector is administered intravitreally.

42. The method of claim 6, wherein the increase is

inducibly effected by the administration to the individual of
a viral vector that can cause the production in the individual
of an agent that will induce the expression of the endostatin
encoding nucleic acid.

