
Albumin Fusion Proteins REFERENCE TO SEQUENCE LISTING
QN COMPACT DISC [0001] This application refers to a
"Sequence Listing" listed below, which is provided as
an electronic document on three identical compact
discs (CD-R), labeled "Copy 1," "Copy 2," and "Copy
3." These compact discs each contain the file
"PF617PCT Sequence Listing.txt" (1,192,036 bytes,
created on July 28, 2006), which is incorporated by
reference in its entirety. BACKGROUND QF THE INVENTION
[0002] The invention relates generally to Therapeutic
proteins (including, but not limited to, at least one
polypeptide, antibody, peptide, or fragment and
variant thereof) fused to albumin or fragments or
variants of albumin. The invention encompasses
polynucleotides encoding therapeutic albumin fusion
proteins, therapeutic albumin fusion proteins,
compositions, pharmaceutical compositions,
formulations and kits. Host cells transformed with the
polynucleotides encoding therapeutic albumin fusion
proteins are also encompassed by the invention, as are
methods of making the albumin fusion proteins of the
invention using these polynucleotides, and/or host
cells. [0003] Human serum albumin (HSA, or HA), a
protein of 585 amino acids in its mature form (as
shown in Figure 1 (SEQ ID Nq :l)), is responsible for
a significant proportion of the osmotic pressure of
serum and also functions as a carrier of endogenous
and exogenous ligands. At present, HA for clinical use
is produced by extraction from human blood. The
production of recombinant HA (rHA) in microorganisms
has been disclosed in EP 330 451 and EP 361 991.
[0004] Therapeutic proteins in their native state or
when recombinantly produced, such as interferons and
growth hormones, are typically labile molecules
exhibiting short shelf-lives, particularly when
formulated in aqueous solutions. The instability in
these molecules when formulated for administration
dictates that many of the molecules must be
lyophilized and refrigerated at all times during
storage, thereby rendering the molecules difficult to
transport and/or store. Storage problems are
particularly acute when pharmaceutical formulations
must be stored and dispensed outside of the hospital
environment. [0005] Few practical solutions to the
storage problems of labile protein molecules have been
proposed. Accordingly, there is a need for stabilized,
long lasting formulations of proteinaceous therapeutic
molecules that are easily dispensed, preferably with a
simple formulation requiring minimal post-storage
manipulation. [0006] Upon in vivo administration,
therapeutic proteins in their native state or when
recombinantly produced, such as interferons and growth
hormones, exhibit a short plasma stability due to
rapid clearance from the bloodstream. Accordingly, the
therapeutic effects provided by these proteins are
also short-lived. Thus, in order to sustain their
desired therapeutic effect in vivo, the rapid
clearance of these proteins from the blood
dictates.that the therapeutic.molecules must be
administered- more frequently or at a higher dose.
However, increasing the dosing schedule for
administration of the therapeutic protein often
results in an increase in injection site reactions,
side-effects, and toxicity in the patient. Similarly,
administration of the therapeutic protein at a higher
dose also commonly results in an increase in toxicity
and side-effects in the patient. [0007] The few
practical solutions to increasing plasma stability of
therapeutic molecules that have been proposed,
including chemical conjugation, have provided limited
benefit to the patient. Generally, in most cases,
these chemically modified therapeutic molecules are
still administered on a frequent dosing schedule,
retaining significant injection site reactions,
side-effects, and toxicity in patients. Accordingly,
there is a need for an stabilized form of therapeutic
molecules that retains a higher plasma stability in
vivo than the native or recombinantly produced
therapeutic alone and can be administered less
frequently, thereby decreasing potential side-effects
to the patient. SUMMARY QF THE INVENTION [0008] The
present invention encompasses albumin fusion proteins
comprising a Therapeutic protein (e.g., a polypeptide,
antibody, or peptide, or fragment or variant thereof)
fused to albumin or a fragment (portion) or variant of
albumin. The present invention also encompasses
polynucleotides comprising, or alternatively
consisting of, nucleic acid molecules encoding a
Therapeutic protein (e.g., a polypeptide, antibody, or



peptide, or fragment or variant thereof) fused to
albumin or a fragment (portion) or variant of albumin.
The present invention also encompasses
polynucleotides, comprising, or alternatively
consisting of, nucleic acid molecules encoding
proteins comprising a Therapeutic protein (e.g., a
polypeptide, antibody, or peptide, or fragment or
variant thereof) fused to albumin or a fragment
(portion) or variant of albumin, that is sufficient to
prolong the shelf life of the Therapeutic protein, to
increase the plasma stability of the Therapeutic
protein compared to its unfused state, and/or
stabilize the Therapeutic protein and/or its activity
in solution (or in a pharmaceutical composition) in
vitro and/or in vivo. Albumin fusion proteins encoded
by a polynucleotide of the invention are also
encompassed by the invention, as are host cells
transformed with polynucleotides of the invention, and
methods of making the albumin fusion proteins of the
invention and using these polynucleotides of the
invention, and/or host cells. [0009] In a preferred
aspect of the invention, albumin fusion proteins
include, but are not limited to, those described i
Table 2 and the polynucleotides encoding such
proteins. [0010] The invention also encompasses
pharmaceutical formulations comprising an albumin
fusion protein of the invention and apharmaceutically
acceptable diluent or carrier. Such formulations may
be in a kit or container. Such kit or container may be
packaged with instructions pertaining to the extended
shelf life of the Therapeutic protein. Such
formulations may be used in methods of treating,
preventing, ameliorating or diagnosing a disease or
disease symptom in a patient, preferably a mammal,
most preferably a human, comprising the step of
administering the pharmaceutical formulation to the
patient. [0011] In other embodiments, the present
invention encompasses methods of preventing, treating,
or ameliorating a disease or disorder, In preferred
embodiments, the present invention encompasses a
method of treating a disease or disorder listed in the
"Preferred Indication: Y" column of Table 1 comprising
administering to a patient in which such treatment,
prevention or amelioration is desired an albumin
fusion protein of the invention that comprises a
Therapeutic protein or portion corresponding to a
Therapeutic protein (or fragment or variant thereof)
disclosed in the "Therapeutic Protein: X" column of
Table 1 (in the same row as the disease or disorder to
be treated as listed in the "Preferred Indication: Y"
column of Table 1) in an amount effective to treat,
prevent or ameliorate the disease or disorder. [0012]
hi one embodiment, an albumin fusion protein described
in Table 1 or 2 has extended shelf life. [0013] In a
second embodiment, an albumin fusion protein described
in Table 1 or 2 is more stable than the corresponding
unfused Therapeutic molecule described in Table 1.
[0014] The present invention further includes
transgenic organisms modified to contain the nucleic
acid molecules of the invention (including, but not
limited to, the polynucleotides described in Tables 1
and 2), preferably modified to express an albumin
fusion protein of the invention. BRIEF DESCRIPTION OF
THE FIGURES [0015] Figure IA-D shows the amino acid
sequence of the mature form of human albumin (SEQ ID
NO:1) and a polynucleotide encoding it (SEQ ID Nq :2).
Nucleotides 1 to 175 5 of SEQ ID Nq :2 encode the
mature form of human albumin (SEQ ID NO:1). [0016]
Figure 2 shows the restriction map of the pPPC000 5
cloning vector ATCC deposit PTA-3278. [0017] Figure 3
shows the restriction map of the pSAC35 yeast S.
cerevisiae expression vector (Sleep et ah,
BioTechnology 8:42 (1990)). [0018] Figure 4 compares
the anti-proliferative activity of IFN albumin fusion
protein encoded by CID 3165 (CID 3165 protein) and
recombinant IFNa (rJFNa) on Hs294T melanoma cells. The
cells were cultured with varying concentrations of
either CID 3165 protein or rIFNa and proliferation was
measured by BrdU incorporation after 3 days of
culture. CID 3165 protein caused measurable inhibition
of cell proliferation at concentrations above 10 ng/ml
with 50% inhibition achieved at approximately 200
ng/ml. ( ) = CID 3165 protein, () = rIFNa. [0019]
Figure 5 shows the effect of various dilutions of IFNa
albumin fusion proteins on SEAP activity in the
ISRE-SEAP/293F reporter cells. One preparation of EFNa
fused upstream of albumin () was tested, as well as
two different preparations of IFNa fused downstream of
albumin () and ( ). [0020] Figure 6 shows the effect
of time and-dose of IFNa albumin fusion protein
encoded -by DNA comprised in construct 2249 (CID 2249
protein) on the mRNA level of OAS (p41) in treated
monkeys (see Example 76). Per time point: first bar =
Vehicle control, 2nd bar = 30 ug/kg CID 



2249 protein day 1 iv, third bar = 30 ug/kg CID 2249
protein day 1 sc, 4th bar = 300 ug/kg CID 2249 protein
day 1 sc, 5 1 bar = 40 ug/kg recombinant IFNa day 1, 3
and 5 sc. [0021] Figure 7 shows the dose-response
relationship of BNP albumin fusion proteins encoded by
DNA comprised in constructs CID 3691 and 3618 (CID
3691 and 3618 protein) on activating cGMP formation in
NPR-A/293F reporter cells (see Examples 78 and 79).
Both BNP peptide ( ), as well as, two different
preparations of BNP fused upstream of albumin (D) and
() were tested. [0022] Figure 8 shows the effect of
BNP albumin fusion protein on mean arterial pressure
in spontaneously hypertensive rats (see Example 78).
Vehicle (D), BNP peptide (), or BNP albumin fusion
protein (O) were delivered via tail vein injection.
Systolic and diastolic blood pressures were recorded
by cuff-tail method. [0023] Figure 9 shows the plasma
cGMP levels in eleven- to 12-week-old male C57/BL6
mice after intravenous injection of recombinant BNP
peptide () or BNP albumin fusion protein (O (see
Example 78). cGMP levels were determined from plasma
prepared from tail bleeds collected at several time
points after intravenous injection. [0024] Figure 10
shows the dose-response relationship of BNP peptide
and BNP albumin fusion proteins encoded by DNA
comprised in constructs CID 3796 and 3959 on
activating cGMP formation in NPR-A/293F reporter cells
(see Example 80). Both BNP peptide (  ), as well as,
two different preparations comprising BNP fused
downstream of albumin, (D) and (O) were tested. [0025]
Figure 1IA shows the dose-response relationship of BNP
and ANP peptides with or without treatment of
neprilysin for 24 hours on activating cGMP formation
in NPR-A/293F reporter cells (see Example 81). [0026]
Figure H B shows the dose-reponse relationship of ANP
peptide on activating cGMP formation in NPR-A/293F
reporter cells following treatment of neprilysin or
control MES buffer for 20 minutes, 1 hour, or 24 hours
(see Example 81). [0027] Figure H C shows the
dose-reponse relationship of ANP albumin fusion
protein comprising ANP fused upstream of albumin and
encoded by DNA comprised in construct CID3484 on
activating cGMP formation in NPR-A/293F reporter cells
following treatment of neprilysin or control MES
buffer for 20 minutes, 1 hour, or 24 hours (see
Example 81).[0028] Figure 1ID shows the percentage of
intact natriuretic peptides following treatment with
neprilysin for the specified time. Both ANP and BNP
peptides, as well as, two albumin fusion proteins
comprising BNP fused upstream of albumin via
tripartite glycines (CID 3809) and ANP fused upstream
to albumin (CID 3484) were tested (see Example 81).
[0029] Figure 12 shows the reduction in HCV RNA titer,
as measured by median HCV RNA change (logio IU/ml), in
patients infected with chronic hepatitis C genotype 1
and who have previously failed to respond to at least
one treatment regimen of pegylated interferon alpha in
combination with ribavirin (PEG-RBV) (nonresponders)
following treatment with HSA-IFNa2b in combination
with ribavirin for 0 to 24 weeks. [0030] Figures 13A
and B show the effect of HSA-BNP (Construct ID #3959)
on plasma and urine cGMP levels, respectively
following administration of an 5 mg/kg FV bolus in
normal healthy pigs (n = 4-6/group). Asterisks
indicate significant differences in cGMP levels from
vehicle (p<0.05 ). [0031] Figure 14A shows the effect
of administration of an intravenous bolus of 2 mg/kg
or 6 mg/kg HSA-BNP (Construct ID #3959) on
enddiastolic diameter change in a porcine experimental
heart failure model (n = 10/group). Heart failure was
induced in the pig by ventricular pacing. End
diastolic diameter was measure by echocardiography.
Significant changes (p<0.0 5 ) from vehicle or
baseline are indicated (& and #, respectively). [0032]
Figure 14B shows the effect of administration of an
intravenous bolus of 2 mg/kg or 6 mg/kg HSA-BNP
(Construct ID #3959) on fractional shortening in a
porcine experimental heart failure model (n =
10/group). Heart failure was induced in the pig by
ventricular pacing. Significant changes (p<0.05) from
vehicle or baseline are indicated (& and #,
respectively). [0033] Figures 15A-H show the
hemodynamic effects of HSA-BNP (Construct ID #3959)
administered via a single intravenous bolus at 0.5
mg/kg or 5 mg/kg in a normal dog model. Cardiac output
(CO), mean arterial pressure (MAP), pulmonary
capillary wedge pressure (PCWP) and 



pulmonary arterial pressure (PAP) were measured at
baseline prior to intravenous bolus of 0.5 mg/kg or 5
mg/kg HSA-BNP (Construct ID #3959) and at 30, 60, 90,
150, 210, and 270 post-infusion in anesthesized normal
mongrels (n = 8/group). Asterisks indicate
statistically significant changes from baseline
(p<0.05). [0034] Figures 16A-H show the renal effects
of HSA-BNP (Construct ID #3959) administered via a
single intravenous bolus at 0.5 mg/kg or 5 mg/kg in a
normal dog model. Urine flow (rate/30 minute
collection), sodium excretion, renal blood flow, and
glomerular filtration rate (GFR) were measured at
baseline prior to intravenous bolus of 0.5 mg/kg or 5
mg/kg HSA-BNP (Construct ID #3959) and at 30, 60, 90,
150, 210, and 270 postinfusion in anesthesized normal
mongrels (n = 8/group). Asterisks indicate
statistically significant changes from baseline
(p<0.05). [0035] Figures 17A-F show the hormonal
effects of HSA-BNP (Construct ID #3959) administered
via a single intravenous bolus at 0.5 mg/kg or 5 mg/kg
in a normal dog model. Plasma aldosterone, renin, and
angiotensin II levels were measured at baseline prior
to intravenous bolus of 0.5 mg/kg or 5 mg/kg HSA-BNP
(Construct ID #3959) and at 30, 60, 90, 150, 210, and
270 post-infusion in anesthesized normal mongrels (n =
- 8/group).- Asterisks indicate statistically
significant changes from baseline (p<0.05). - - . . _.
_ . . . _ [0036] Figures 18A-C show the effect of a
single intravenous bolus of 5 mg/kg HSA-BNP (Construct
ID #3959) on systolic and mean arterial blood pressure
in normal, healthy, awake beagles surgically implanted
with a Data Sciences International radiotelemetry
transmitter, which had systemic arterial blood
pressure, heart rate and ECG data collection
capabilities. Change from baseline of systolic blood
pressure (Figure 18A), difference in mean systolic
blood pressure (Figure 18B), and change from baseline
in mean arterial pressures (Figure 18C) over 48 hours
of continuous data recording following infusion are
presented. Asterisks indicate a statistically
significant difference in baseline-adjusted mean
values for 5 mg/kg HSA-BNP (Construct ID #3959)
compared to vehicle (p<0.05). [0037] Figures 19A and B
show a comparison of the effect of an intravenous
bolus of 0.02 mg/kg unfused BNP peptide and a
subcutaneous injection of 10 mg/kg HSA-BNP (Construct
ID #3959) on systemic blood pressure in normal,
healthy, awake beagles surgically implanted with a
Data Sciences International radiotelemetry
transmitter, which had systemic arterial blood
pressure, heart rate and ECG data collection
capabilities. Change from baseline of systolic blood
pressure over 48 hours of continuous data recording
following administration of BNP (Figure 19A) and
HSA-BNP (Construct ID #3959) are presented. Asterisks
indicate a statistically significant difference in
baseline-adjusted mean values for 5 mg/kg HSA-BNP
(Construct ID #3959) compared to vehicle (p<0.05).
DETAILED DESCRIPTION Definitions [0038] The following
definitions are provided to facilitate understanding
of certain terms used throughout this specification.
[0039] As used herein, "polynucleotide" refers to a
nucleic acid molecule having a nucleotide sequence
encoding a fusion protein comprising, or alternatively
consisting of, at least one molecule of albumin (or a
fragment or variant thereof) joined in frame to at
least one Therapeutic protein X (or fragment or
variant thereof); a nucleic acid molecule having a
nucleotide sequence encoding a fusion protein
comprising, or alternatively consisting of, the amino
acid sequence of SEQ ID NO:Y (as described in column 6
of Table 2) or a fragment or variant thereof; a
nucleic acid molecule having a nucleotide sequence
comprising or alternatively consisting of the sequence
shown in SEQ ID NO:X; a nucleic acid molecule having a
nucleotide sequence encoding a fusion protein
comprising, or alternatively consisting of, the amino
acid sequence of SEQ ID NO:Z; anucleic acid molecule
having a nucleotide sequence encoding an albumin
fusion protein of the invention generated as described
in Table 2 or in the Examples; a nucleic acid molecule
having a nucleotide sequence encoding a Therapeutic
albumin fusion protein of the invention, a nucleic
acid molecule having a nucleotide sequence contained
in an albumin fusion construct described in Table 2,
or a nucleic acid molecule having a nucleotide
sequence contained in an albumin fusion construct
deposited with the ATCC (as described in Table 3).
[0040] As used herein, "albumin fusion construct"
refers to a nucleic acid molecule comprising, or
alternatively consisting of, a polynucleotide encoding
at least one molecule of albumin (or a fragment or
variant thereof) joined in frame to at least one
polynucleotide encoding at least one molecule of a
Therapeutic protein (or fragment or variant thereof);
a nucleic acid molecule comprising, or alternatively
consisting of, a 



polynucleotide encoding at least one molecule of
albumin (or a fragment or variant thereof) joined in
frame to at least one polynucleotide encoding at least
one molecule of a Therapeutic protein (or fragment or
variant thereof) generated as described in Table 2 or
in the Examples; or a nucleic acid molecule
comprising, or alternatively consisting of, a
polynucleotide encoding at least one molecule of
albumin (or a fragment or variant thereof) joined in
frame to at least one polynucleotide encoding at least
one molecule of a Therapeutic protein (or fragment or
variant thereof), further comprising, for example, one
or more of the following elements: (1) a functional
self-replicating vector (including but not limited to,
a shuttle vector, an expression vector, an integration
vector, and/or a replication system), (2) a region for
initiation of transcription (e.g., a promoter region,
such as for example, a regulatable or inducible
promoter, a constitutive promoter), (3) a region for
termination of transcription, (4) a leader sequence,
and (5 ) a selectable marker. The polynucleotide
encoding the Therapeutic protein and albumin protein,
once part of the albumin fusion construct, may each be
referred to as a "portion," "region" or "moiety" of
the albumin fusion construct. [0041] The present
invention relates generally to polynucleotides
encoding albumin fusion proteins; albumin fusion
proteins; and methods of treating, preventing, or
ameliorating diseases or disorders using albumin
fusion proteins or polynucleotides encoding albumin
fusion proteins. As used herein, "albumin fusion
protein" refers to a protein formed by the fusion of
at least one molecule of albumin (or a fragment or
variant thereof) to at least one molecule of a
Therapeutic protein (or fragment or variant thereof).
An albumin fusion protein of the invention comprises
at least a fragment or variant of a Therapeutic
protein and at least a fragment or variant of human
serum albumin, which are associated with one another
by genetic fusion (i.e., the albumin fusion protein is
generated by translation of a nucleic acid in which a
polynucleotide encoding all or a portion of a
Therapeutic protein is joined in-frame with a
polynucleotide encoding all or a portion of albumin).
The Therapeutic protein and albumin protein, once part
of the albumin fusion protein, may each be referred to
as a "portion", "region" or "moiety" of the albumin
fusion protein (e.g., a "Therapeutic protein portion"
or an "albumin protein portion"). In a highly
preferred embodiment, an albumin fusion protein of the
invention comprises at least one molecule of a
Therapeutic protein X or fragment or variant of
thereof (including, but not limited to a mature form
of the Therapeutic protein X) and at least one
molecule of albumin or fragment or variant thereof
(including but not limited to a mature form of
albumin). [0042] In a further preferred embodiment, an
albumin fusion protein of the invention is processed
by a host cell and secreted into the surrounding
culture medium. Processing of the nascent albumin
fusion protein that occurs in. the secretory pathways
of the host used for expressionmay include, but is not
limited to signal peptide cleavage; formation of
disulfide bonds; proper folding; addition and
processing of carbohydrates (such as for example, N-
and O- linked glycosylation); specific proteolytic
cleavages; and assembly into multimeric proteins. An
albumin fusion protein of the invention is preferably
in the processed form. In a most preferred embodiment,
the "processed form of an albumin fusion protein"
refers to an albumin fusion protein product which has
undergone N- terminal signal peptide cleavage, herein
also referred to as a "mature albumin fusion protein".
[0043] In several instances, a representative clone
containing an albumin fusion construct of the
invention was deposited with the American Type Culture
Collection (herein referred to as "ATCC(r)").
Furthermore, it is possible to retrieve a given
albumin fusion construct from the deposit by
techniques known in the art and described elsewhere
herein. The ATCC(r) is located at 10801 University
Boulevard, Manassas, Virginia 20110- 2209, USA. The
ATCC(r) deposits were made pursuant to the terms of
the Budapest Treaty on the international recognition
of the deposit of microorganisms for the purposes of
patent procedure. [0044] In one embodiment, the
invention provides a polynucleotide encoding an
albumin fusion protein comprising, or alternatively
consisting of, a Therapeutic protein and a serum
albumin protein. In a further embodiment, the
invention provides an albumin fusion protein
comprising, or alternatively consisting of, a
Therapeutic protein and a serum albumin protein. In a
preferred embodiment, the invention provides an
albumin fusion protein comprising, or alternatively
consisting of, a Therapeutic protein and a serum
albumin protein encoded by a polynucleotide described
in Table 2. In a further preferred embodiment, the
invention provides a polynucleotide encoding an
albumin fusion protein whose sequence is shown as SEQ
ID NO:Y in Table 2. In other embodiments, the
invention provides an albumin fusion protein
comprising, or alternatively consisting of, a 



biologically active and/or therapeutically active
fragment of a Therapeutic protein and a serum albumin
protein. In other embodiments, the invention provides
an albumin fusion protein comprising, or alternatively
consisting of, a biologically active and/or
therapeutically active variant of a Therapeutic
protein and a serum albumin protein. In preferred
embodiments, the serum albumin protein component of
the albumin fusion protein is the mature portion of
serum albumin. The invention further encompasses
polynucleotides encoding these albumin fusion
proteins. [0045] In further embodiments, the invention
provides an albumin fusion protein comprising, or
alternatively consisting of, a Therapeutic protein,
and a biologically active and/or therapeutically
active fragment of serum albumin. In further
embodiments, the invention provides analbumin fusion
protein comprising, or alternatively consisting of, a
Therapeutic protein and a biologically active and/or
therapeutically active variant of serum albumin. In
preferred embodiments, the Therapeutic protein portion
of the albumin fusion protein is the mature portion of
the Therapeutic protein. In a further preferred
embodiment, the Therapeutic protein portion of the
albumin fusion protein is the extracellular soluble
domain of the Therapeutic protein. In an alternative
embodiment, the Therapeutic protein portion of the
albumin fusion protein is the active form of the
Therapeutic protein. The invention further encompasses
polynucleotides encoding these albumin fusion
proteins. [0046] In further embodiments, the invention
provides an albumin fusion protein comprising, or
alternatively consisting of, a biologically active
and/or therapeutically active fragment or variant of a
Therapeutic protein and a biologically active and/or
therapeutically active fragment or variant of serum
albumin. In preferred embodiments, the invention
provides an albumin fusion protein comprising, or
alternatively consisting of, the mature portion of a
Therapeutic protein and the mature portion of serum
albumin. The invention further encompasses
polynucleotides encoding these albumin fusion
proteins. Therapeutic proteins [0047] As stated above,
a polynucleotide of the invention encodes a protein
comprising or alternatively consisting of, at least a
fragment or variant of a Therapeutic protein and at
least a fragment or variant of human serum albumin,
which are associated with one another, preferably by
genetic fusion. [0048] An additional embodiment
includes a polynucleotide encoding a protein
comprising or alternatively consisting of at least a
fragment or variant of a Therapeutic protein and at
least a fragment or variant of human serum albumin,
which are linked with one another by chemical
conjugation. [0049] As used herein, "Therapeutic
protein" refers to proteins, polypeptides, antibodies,
peptides or fragments or variants thereof, having one
or more therapeutic and/or biological activities.
Therapeutic proteins encompassed by the invention
include but are not limited to, proteins,
polypeptides, peptides, antibodies, and biologies.
(The terms peptides, proteins, and polypeptides are
used interchangeably herein.) It is specifically
contemplated that the term "Therapeutic protein"
encompasses antibodies and fragments and variants
thereof. Thus a protein of the invention may contain
at least a fragment or variant of a Therapeutic
protein, and/or at least a fragment or variant of an
antibody. Additionally, the term "Therapeutic protein"
may refer to the endogenous or naturally occurring
correlate of a Therapeutic protein. [0050] By a
polypeptide displaying a "therapeutic activity" or a
protein that is "therapeutically active" is meant a
polypeptide that possesses one or more known
biological and/or therapeutic activities associated
with a therapeutic protein such as one or more of the
Therapeutic proteins described herein or otherwise
known in the art. As a non-limiting example, a
"Therapeutic protein" is a protein that is useful to
treat, prevent or ameliorate a disease, condition or
disorder. As a non-limiting example, a "Therapeutic
protein" may be one that binds specifically to a
particular cell type (normal (e.g., lymphocytes) or
abnormal e.g., (cancer cells)) and therefore may be
used to target a compound (drug, or cytotoxic agent)
to that cell type specifically. _ _ . . . . . _. - . .
[0051] For example, a non-exhaustive list of
"Therapeutic protein" portions which may be comprised
by an albumin fusion protein of the invention
includes, but is not limited to, IFNa, , ANP, BNP,
LANP, VDP, KUP, CNP, DNP, HCC-I, beta defensin-2,
fractalkine, oxyntomodulin, killer toxin peptide,
TIMP-4, PYY, adrenomedullin, ghrelin, CGRP, IGF-I,
neuraminidase, hemagglutinin, butyrylcholinesterase,
endothelin, and mechano growth factor. 



[0052] Interferon hybrids may also be fused to the
amino or carboxy terminus of albumin to form an
interferon hybrid albumin fusion protein. Interferon
hybrid albumin fusion protein may have enhanced, or
alternatively, suppressed interferon activity, such as
antiviral responses, regulation of cell growth, and
modulation of immune response (Lebleu et al, PNAS USA,
73:3107-3111 (1976); Gresser et al., Nature, 25 l :5
43-5 45 (1974); and Johnson, Texas Reports Biol Med,
35:35 7-369 (1977)). Each interferon hybrid albumin
fusion protein can be used to treat, prevent, or
ameliorate viral infections {e.g., hepatitis {e.g.,
HCV); or VSSf), multiple sclerosis, or cancer. [0053]
In one embodiment, the interferon hybrid portion of
the interferon hybrid albumin fusion protein comprises
an interferon alpha-interferon alpha hybrid (herein
referred to as an alpha-alpha hybrid). For example,
the alpha-alpha hybrid portion of the interferon
hybrid albumin fusion protein consists, or
alternatively comprises, of interferon alpha A fused
to interferon alpha D. In a further embodiment, the
A/D hybrid is fused at the common BgHI restriction
site to interferon alpha D, wherein the N-terminal
portion of the A/D hybrid corresponds to amino acids
1-62 of interferon alpha A and the C-terminal portion
corresponds to amino acids 64-166 of interferon alpha
D. For example, this A/D hybrid would comprise the
amino acid sequence: CDLPQraSLGSRRm\
LAQMRXiISLFSCLKI>R^ NDLEACv^vIQEERVGETPLMNX
2DSILAVKKYFRIUTLYLTEKKYSPCAWEVVRAEI^IRSLSLSTNLQEM RI
(SEQ ID NO:99), wherein the Xi is R or K and the X is
A or V. In an additional embodiment, the A/D hybrid is
fused at the common PvuIH restriction site, wherein
the Nterminal portion of the A/D hybrid corresponds to
amino acids 1-91 of interferon alpha A and the
C-terminal portion corresponds to amino acids 93- 166
of interferon alpha D. For example, this A/D hybrid
would comprise the amino acid sequence:
CDLPQTHSLGSRRTLMLIAQMRXiISLFSCLKDRHDFGFPQEEFGNQFQK
ETIPVLHEMQQIFNLFSTKIJSSAAVrETLLDKJYTELYQQL
NDLEACVMQEERVGETPLM
]SK2DSILAVKXYFRR^^LYLTEKKYSPCAWEVVRAEIMRSLSLSTNLQERLRR
KE (SEQ ID NO: 100), whereinthe X1 is R or K and the
second XJTis A or 'V. These hybrids are further
described in U.S. Patent No. 4,414,510, which is
hereby incorporated by reference in its entirety.
[0054] In an additional embodiment, the alpha-alpha
hybrid portion of the interferon hybrid albumin fusion
protein consists, or alternatively comprises, of
interferon alpha A fused to interferon alpha F. In a
further embodiment, the A/F hybrid is fused at the
common PvuIH restriction site, wherein the N-terminal
portion of the A/F hybrid corresponds to amino acids
1-91 of interferon alpha A and the C-terminal portion
corresponds to amino acids 93-166 of interferon alpha
F. For example, this A/F hybrid would comprise the
amino acid sequence: CDLPQTHSLGSRRTLMLLAQMlU
aSLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHEMIQQIFNLFSTKDSSAAWD
ETLLDKFYTELYQQL NDMEACVIQEVGVEETPL^O>A w
SILAVKKYFQWTLYLTEKKYSPCAWEVVRAEIMRSFSLSKIFQERLRjRKE
(SEQ ID NO:101), wherein X is either R or K. These
hybrids are further described in U.S. Patent No.
4,414,510, which is hereby incorporated by reference
in its entirety. In a further embodiment, the
alpha-alpha hybrid portion of the interferon hybrid
albumin fusion protein consists, or alternatively
comprises, of interferon alpha A fused to interferon
alpha B. hi an additional embodiment, the A/B hybrid
is fused at the common PvuHI restriction site, wherein
the Nterminal portion of the A/B hybrid corresponds to
amino acids 1-91 of interferon alpha A and the
C-terminal portion corresponds to amino acids 93- 166
of interferon alpha B. For example, this A/B hybrid
would comprise an amino acid sequence:
CDLPQTHSLGSPJITLMLLAQMRX
1ISLFSCLKDRHDFGFPQEEFGNQFQKAETrPVLHEMIQQIFNLFSTKDSSAAW
DETLLDKFYTELYQQL NDLEX 2X3X
X5QEVGVmSPLMYEDSrLAVRKYFQPJTLYLTEKKYSSCAWEVVP^EIMRSFSL
SlNLQKRLKSKE (SEQ ID NO: 102), wherein the X1 is R or
K and X2 through X5 is SCVM or VLCD. These hybrids are
further described in U.S. Patent No. 4,414,510, which
is hereby incorporated by reference in its entirety.
[0055] In another embodiment, the interferon hybrid
portion of the interferon hybrid albumin fusion
protein comprises an interferon betainterferon alpha
hybrid (herein referred to as a beta-alpha hybrid).
For example, the beta-alpha hybrid portion of the
interferon hybrid albumin fusion protein consists, or
alternatively comprises, of interferon beta-1 fused to
interferon alpha D (also referred to as interferon
alpha-1). In a further embodiment, the beta- I/alpha D
hybrid is fused wherein the N-terminal portion
corresponds to amino acids 1-73 of interferon beta-1
and the 



C-terminal portion corresponds to amino acids 74-167
of interferon alpha D. For example, this beta-1/alpha
D hybrid would comprise an amino acid sequence:
MSYNLLGFLQRSSNFQCQKLLWQLNGRLEYCLKIDRMNFDrPEElKQLQQFQKE
DAALTrYEMLQNlFArFRQDSSAAWDEDLLDKFCTELY
QQLNDLEACVMQEERVGETPLMNXDSILAVKKYFRrUTLYLTEKKYSPCAWEVV
IUErMRSLSLSTNLQERLRKKE (SEQ ID NO:103), wherein X is A
or V. These hybrids are further described in U.S.
Patent No. 4,758,428, which is hereby incorporated by
reference in its entirety. [0056] In another
embodiment, the interferon hybrid portion of the
interferon hybrid albumin fusion protein comprises an
interferon alphainterferon beta hybrid (herein
referred to as a alpha-beta hybrid). For example, the
alpha-beta hybrid portion of the interferon hybrid
albumin fusion protein consists, or alternatively
comprises, of interferon alpha D (alsojeferred to .as
interferon alpha-1) fused to interferon beta-1. hi a
furtherembodiment, the alpha D/beta-1 hybrid is fused
wherein the N-terminal portion corresponds to amino
acids 1-73 of interferon alpha D and the Cterminal
portion corresponds to amino acids 74-166 of
interferon beta-1. For example, this alpha D/beta-1
hybrid would have an amino acid sequence:
MCDLPETHSLDNRRTLMLLAQMSRISPSSCLMDRTiDFGFPQEEFDGNQFQKAP
AISVLIffiLIQQrFhJLFTTKDSSSTGWNETrVENLLANVY
HQMBLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLK^^ (SEQ ID
NO: 104). These hybrids are further described in U.S.
Patent No. 4,758,428, which is hereby incorporated by
reference in its entirety. [0057] In further
embodiments, the interferon hybrid portion of the
interferon hybrid albumin fusion proteins may comprise
additional combinations of alpha-alpha interferon
hybrids, alpha-beta interferon hybrids, and beta-alpha
interferon hybrids. In additional embodiments, the
interferon hybrid portion of the interferon hybrid
albumin fusion protein may be modified to include
mutations, substitutions, deletions, or additions to
the amino acid sequence of the interferon hybrid. Such
modifications to the interferon hybrid albumin fusion
proteins may be made, for example, to improve levels
of production, increase stability, increase or
decrease activity, or confer new biological
properties. [0058] The above-described interferon
hybrid albumin fusion proteins are encompassed by the
invention, as are host cells and vectors containing
polynucleotides encoding the polypeptides. In one
embodiment, a interferon hybrid albumin fusion protein
encoded by a polynucleotide as described above has
extended shelf life. In an additional embodiment, a
interferon hybrid albumin fusion protein encoded by a
polynucleotide described above has a longer serum
half-life and/or more stabilized activity in solution
(or in a pharmaceutical composition) in vitro and/or
in vivo than the corresponding unfused interferon
hybrid molecule. [0059] In another non-limiting
example, a "Therapeutic protein" is a protein that has
a biological activity, and in particular, a biological
activity that is useful for treating, preventing or
ameliorating a disease. A non-inclusive list of
biological activities that may be possessed by a
Therapeutic protein includes, inhibition of HTV-I
infection of cells, stimulation of intestinal
epithelial cell proliferation, reducing intestinal
epithelial cell permeability, stimulating insulin
secretion, induction of bronchodilation and
vasodilation, inhibition of aldosterone and renin
secretion, blood pressure regulation, promoting
neuronal growth, enhancing an immune response,
enhancing inflammation, suppression of appetite, or
any one ormore of the biological activities described
in the "Biological Activities" section below and/or as
disclosed for a given Therapeutic protein in Table 1
(column 2). [0060] In one embodiment, IFN-alpha-HSA
fusions are used to inhibit viral agents classified
under Category A- FiIo (Ebola), Arena (Piohende),
Category B- Toga (VEE) or Category C- Bunya (Punto
toro), Flavi (Yellow fever, West Nile). For example,
CPE inhibition, neutral red staining and virus yield
assays were employed to evaluate the antiviral
activities of INF-alpha fused downstream of HSA (CID
316S protein). The pharmacokinetics and
pharmacodynamic activity of CID 3165 protein in
cynomolgus monkeys and human subjects were evaluated.
The results indicate that antiviral activity was
achieved against all the RNA viruses evaluated with a
favorable safety index. The IC5Q values ranged from
<0.1 ng/ml (Punta Toro A) to 19 ng/ml (VEE) in the CPE
assay. In cynomolgus monkeys, the half-life of CID
316S protein was 9Q hours and was detectable up to 14
days post-dose. In human subjects, CID 3165 protein
was safe and well tolerated. C following single
injection doses was dose-proportional. The mean C in
the 500 ug cohort was 22 ng/ml, and the mean t was 150
hours. Dosing once every 2-4 weeks or more is 



supported by the pharmacokinetics. Antiviral response
against Hepatitis C was observed in the majority of
subjects in the single injection cohorts (120-500 ug).
[0061] In a further embodiment, IFN-alpha-HSA fusions
are used to treat patients with chronic Hepatitis C
infection (HCV). Interferon alpha, also known as
interferon alfa or leukocyte interferon, is the
standard of care for treatment of patients infected
with HCV. The term "interferon alpha" refers to a
family of highly homologous related polypeptides with
anti-viral activity. The interferon alpha portion of
the IFN-alpha-HSA fusion consists or alternatively
comprises any interferon alpha or fragment thereof
known in the art. Non-limiting examples of the
interferon alpha portion of the IFN-alpha-HSA fusion
proteins of the invention include, but are not limited
to, the interferon alpha proteins disclosed in the
Therapeutic protein column of Table 1. In particular
embodiments, the interferon alpha portion consists or
alternatively comprises interferon alpha- 2a,
interferon alpha-2b, interferon alpha-2c, consensus
interferon, interferon alfacon-1, interferon alpha-nl,
interferon alpha-n3, any commercially available form
of interferon alpha, such as, for example, INTRON A
(Schering Corp., Kenilworth, N.J.), ROFERON A
(Hoffman-La Roche, Nutley, NJ. ), Berofor alpha
inteferon (Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefied, Conn.), OMNOPERON(tm) (Viragen, Inc.,
Plantation, FL), MULTIFERON(tm) (Viragen, Inc.,
Plantation, FL) WELLFERON (GlaxoSmithKline, London,
Great Britian), INFERGEN (r) (Amgen, Inc., Thousands
Oaks, CA), SUMIFERON (r) (Sumitomo, Japan), BELEROFON
(Nautilus Biotech, France), MAXY-ALPHA(tm) (Maxygen,
Redwood City, CA / Hoffman-La Roche, Nutley, N.J.), or
any purified interferon alpha product or a fragment
thereof. In further embodiments, the interferon alpha
portion of the IFN-alpha-HSA fusion protein consists
or alternatively comprises interferon alpha modified
or formulated for extended or controlled release. For
example, the interferon alpha portion consists, or
alternatively comprises commercially available
extended release or controlled release interferon
alpha, including, but not limited to
interferon-alpha-XL (Flamel Technologies, France) and
LOCTERON(tm) (BioLex Therapeutics/OctoPlus, Pittsboro,
NC). In additional embodiments, the interferon alpha
portion of the IFN-alpha-HSA fusion protein may be
modified by the attachment of chemical moieties. For
example, Jhe. inteferon .alpha portion may_be modified
by pegylation. - Accordingly, in additional
embodiments, the interferon alpha portion of the
IFN-alpha-HSA fusion protein consists or alternatively
comprises pegylated forms of interferon alpha-2a, 2b,
or consensus interferon and include, but are not
limited to, a commercially available pegylated
interferon alpha, such as, for example, PEG-INTRON
(r)(Schering Corp., Kenilworth, N.J.), PEGASYS
(r)(Hoffman-La Roche, Nutley, N.J.), PEG-OMNIFERON(tm)
(Viragen, Inc., Plantation, FL) or a fragment thereof.
However, as used herein, "IFN-alpha-HSA" fusions
refers to the HSA fused to any of the interferon alpha
proteins known in the art or a fragment thereof.
[0062] Patients infected with HCV may fall within two
categories based on previous exposure to an interferon
regimen for treatment of the HCV infection.
"Treatment-naive patients" or "nave patients" are
those patients who have never been treated with an
interferon regimen. "Treatment-experienced patients"
or "experienced patients" are those patients who have
been treated or are currently being treated with an
interferon regimen. "Non-responders" are experienced
patients who have been previously treated with an
interferon regimen but have failed to meet the primary
endpoint of treatment such as an early viral load
reduction (EVR) or an end-of-treamient response (ETR).
"Relapsers" are experienced patients who have
previously been treated with an interferon regimen and
have a achieved primary endpoint of treatment such as
EVR or ETR, but become subsequently positive for HCV
at later time points. However, as used herein, an "HCV
patient" refers to a patient who is infected with HCV
and who is either nave or experienced. In addition, as
used herein, an "HCV patient" who is "experienced" is
either a non-responder or a relapser. [0063] In
addition, the Hepatitis C virus can be classified into
numerous genotypes, with four genotypes, genotype 1,
2, 3, or 4, being the most prevalent. Generally, the
Hepatitis C virus that infects an HCV patient
comprises a single genotype. However, the Hepatitis
virus can comprise a combination of two or more
genotypes. In addition, the genotype of Hepatitis C
virus may also be a variant of one of the known HCV
genotypes. In a further embodiment, the Hepatitis C
virus of the HCV patient is genotype 1 or a variant
thereof. However, as used herein, "HCV" refers to the
Hepatitis C virus of any genotype, or combination or
variants thereof. 



[0064] The standard treatment regimen for patients
with HCV involves treatment with interferon alpha in
combination with an antiviral agent, such as,
ribavirin. In general, the interferon alpha is
administered daily, twice-a-week, or weekly and the
ribavirin is administered daily. However, recent
studies have also used inteferon alpha in combination
with other antiviral agents known in the art for the
treatment of HCV. Thus, in afiirther embodiment the
IFN-aipha-HSA fusion may be administered to the HCV
patient either alone or in combination with an
antiviral agent, such as, for example, ribavirin. In a
more preferred embodiment, IFN-alpha-HSA fusion may be
administered to the HCV patient in combination with
one or more antiviral agents, such as, for example,
ribavirin and an additional antiviral agent. [0065] As
noted above, pharmokinetics of the CID 3165 protein
support a dosing schedule of once every 2-4 weeks or
greater. Thus, in a further embodiment, the HCV
patients are treated with an IFN-alpha-HSA fusion by
administration once every 2-4 weeks alone or in
combination with an effective amount of an antiviral
agent. In a preferred embodiment, the HCV patients are
treated with an IFN-alpha-HSA fusion by administration
once every 2-4 weeks in combination with an effective
amount of one or more antiviral agents. In an
additional preferred embodiment, the IFN-alpha-HSA
fusion is administered to the HCV patient once every 4
weeks. In an additional preferred embodiment, the
IFNalpha- HSA fusion is administered to the HCV
patient more than once every 4 weeks. In additional
embodiments, the IFN-alpha-HSA fusion is adminstered
once every 4 weeks or more to an HCV patient, wherein
the treatment also includes administration of an
effective amount of one or more antiviral agents.
[0066] In a another embodiment, IFN-alpha-HSA fusions
may be used as a low-dose monotherapy for maintenance
therapy of HCV. In a further additional embodiment,
IFN-alpha-HSA fusions may used in combination with
ribavirin and one or more other antiviral agents for
the treatement of HCV. Alternatively, in another
embodiment, IFN-alpha-HSA fusions may be used in
combination with one or more antiviral agents, other
than ribavirin, for the treatment of HCV. [0067] In an
additional embodiment, IFN-alpha-HSA fusions may be
used for the treatment of other viral infections. For
example, in one embodiment, IFN-alpha-HSA fusions may
be used for the treatment of Hepatitis B (HBV). In an
additional embodiment, IFN-alpha-HSA fusions may be
used for the treatment of Human Papilloma Virus (HPV).
hi a further embodiment, IFN-alpha-HSA fusions may be
used in the treatment of cancer, including, but not
limited to hairy cell leukemia, malignant melanoma,
follicular lymphoma, chronic myelogenous leukemia,
AIDS related Kaposi's Sarcoma, multiple myeloma, or
renal cell cancer. [0068] hi another embodiment, HSA
fusions with natriuretic peptides, including but not
limited to ANP-HSA fusions or BNP-HSA fusions, may be
used for the treatment of cardiovascular disorders.
For example, in a preferred embodiment, HSA fusions
with natriuretic peptides, including but not limited
to ANP-HSA fusions or BNP-HSA fusions, may be used for
the treatment of congestive heart failure. In an
additional preferred embodiment, HSA fusions with
natriuretic peptides, including but not limited to
ANP-HSA fusions or BNP-HSA fusions, may be used in the
treatement of post-myocardial infarction. In
additional embodiments, HSA fusions with natriuretic
peptides, including but not limited to ANPHSA fusions
or BNP-HSA fusions, may be used to additional
cardiovascular disorders, including, but not limited
to hypertension, salt-sensitive hypertension, angina
pectoris, peripherial artery disease, hypotension,
cardiac volume overload, cardiac decompensation,
cardiac failure, left ventricular dysfunction,
dyspnea, myocardial reperfusion injury, or left
ventricular remodeling. In another embodiment, HSA
fusions with . . - - natriuretic-peptides, including
but not limited -to ANP-HSA fusions or -BNP-HSA
fusions, may-be used in the treatment for elevated
aldosterone levels, which can lead to
vasoconstriction, impaired cardiac ouput and/or
hypertension, i further embodiments, HSA fusions with
natriuretic peptides, including but not limited to
ANP-HSA fusions or BNP-HSA fusions, may be used in the
treatment of renal diseases, including, but not
limited to diabetic nephrophathy; glomerular
hypertrophy, glomerular injury, renal glomerular
disease, actute and/or chronic renal failure. In an
additional embodiment, HSA fusions with natriuretic
peptides, including but not limited to ANP-HSA fusions
or BNP-HSA fusions, may be used to treat stroke or
excess fluid in tissues. [0069] hi an additional
embodiment, HSA may be fused with natriuretic peptide
variants including, but not limited to, BNP-HSA
fusions wherein the BNP component of the fusion
protein is BNP amino acid residues 1-29. In one
embodiment, the BNP component of the HSA fusion 



protein consists of two BNP variants (e.g., BNP amino
acid residues 1-29) in tandem. In another embodiment,
the BNP component of the HSA fusion protein consists
of three, four, five or more BNP variants (e.g., BNP
amino acid residues 1-29) in tandem. In a preferred
embodiment, HSA fusions with BNP variants (e.g., BNP
amnio acid residues 1-29) may be used for the
treatment of congestive heart failure. In an
additional preferred embodiment, HSA fusions with BNP
variants (e.g., BNP amino acid residues 1-29) may be
used in the treatment of post-myocardial infarction.
In an additional embodiment, HSA fusions with BNP
variants (e.g., BNP amino acid residues 1-29) may be
used to treat additional cardiovascular disorders,
including, but not limited to, hypertension,
salt-sensitive hypertension, angina pectoris,
peripheral artery disease, hypotension, cardiac volume
overload, cardiac decompensation, cardiac failure,
non-hemodynamic CHF, left ventricular dysfunction,
dyspnea, myocardial reperfusion injury, or left
ventricular remodeling, hi another embodiment, HSA
fusions with BNP variants (e.g., BNP amino acid
residues 1-29) may be used in the treatment for
elevated aldosterone levels, which can lead to
vasoconstriction, impaired cardiac output and/or
hypert ension hi a preferred embodiment, HSA fusion
with BNP variants (e.g., BNP amino acid residues 1-29)
may be used in the treatment of renal disorders or
diseases, including, but not limited to, diabetic
nephropathy; glomerular hypertrophy, glomerular
injury, renal glomerular disease, acute and/or chronic
renal failure hi an additional embodiment HSA fusions
with BNP variants (e.g., BNP amino acid residues 1-29)
may be used to treat stroke or excess fluid in
tissues. [0070] In related but distinct embodiments,
the invention is directed to natriuretic peptide
variants including, but not limited to BNP amino
acidresidues 1-29, wherein the peptides' are'n 't
fused with HSA. In one embodiment, the BNP variants of
the invention have the sequence of two BNP variants
(e.g., BNP amino acid residues 1-29) in tandem. In an
additional embodiment, the BNP variants of the
invention have the sequence of three, four, five or
more BNP variants (e.g., BNP amino acid residues 1-29)
in tandem. In a preferred embodiment, the BNP variants
(e.g., BNP amino acid residues 1-29) of the invention
may be used for the treatment of congestive heart
failure. In an additional preferred embodiment, the
BNP variants (e.g., BNP amino acid residues 1-29) of
the invention may be used in the treatment of
post-myocardial infarction. In an additional
embodiment, the BNP variants (e.g., BNP amino acid
residues 1-29) of the invention may be used to treat
additional cardiovascular disorders, including, but
not limited to, hypertension, salt-sensitive
hypertension, angina pectoris, peripheral artery
disease, hypotension, cardiac volume overload, cardiac
decompensation, cardiac failure, non-hemodynamic CHF,
left ventricular dysfunction, dyspnea, myocardial
reperfusion injury, or left ventricular remodeling, hi
another embodiment, the BNP variants (e.g., BNP amino
acid residues 1-29) of the invention may be used in
the treatment for elevated aldosterone levels, which
can lead to vasoconstriction, impaired cardiac output
and/or hypertension. In a further preferred
embodiment, the BNP variants (e.g., BNP amino acid
residues 1-29) of the invention may be used in the
treatment of renal disorders or diseases, including,
but not limited to, diabetic nephropathy; glomerular
hypertrophy, glomerular injury, renal glomerular
disease, acute and/or chronic renal failure. In an
additional embodiment, the BNP variants (e.g., BNP
amino acid residues 1-29) of the invention may be used
to treat stroke or excess fluid in tissues. [0071] In
a further embodiment, the invention is directed to
natriuretic peptide variants including, but not
limited to, BNP variants (e.g., BNP amino acid
residues 1-29), that have been modified in order to
extend half-life, biological activity, and/or to
facilitate purification of the variant. According to
this embodiment, the natriuretic peptide variants
(e.g., BNP amino acid residues 1-29) may be pegylated,
methylated, or otherwise chemically modified or
conjugated using techniques known in the art.
Alternatively, methods known in the art may be used to
recombinantly fuse the natriuretic peptide variants of
the invention to other peptide sequences known in the
art to extend half-life, improve biological activity
and/or facilitate purification. For example,
natriuretic peptide variants of the invention may be
fused or conjugated to an antibody Fc region, or
portion thereof. The antibody portion fused to a
natriuretic variants (e.g., BNP amino acid residues
1-29) of the invention may comprise the constant
region, hinge region, CHl domain, CH2 domain, and CH3
domain or any combination of whole domains or portions
thereof. The natriuretic variants may also be fused or
conjugated to the above antibody portions to form
multimers. For example, Fc portions fused to the
polypeptides of the present invention (e.g., BNP amino
acid residues 1-29) can form dimers through disulfide
bonding between the Fc portions. Higher multimeric
forms can be made by fusing the variants to portions
of IgA and IgM. Methods for fusing or conjugating the
variants of the present invention to 



antibody portions are known in the art. See, e.g.,
U.S. Patent Nos. 5,336,603; 5,622,929; 5,359,046;
5,349,053; 5,447,851; 5,1 12,946; EP 307,434; EP
367,166; PCT publications WO 96/04388; WO 91/06570;
Ashkenazi et al., Proc. Natl. Acad. Sci. USA
88:10535-10539 (1991); Zheng et al., J. Immunol.
154:5590-5600 (1995); and ViI et al., Proc. Natl.
Acad. Sci. USA 89:11337- 11341(1992) (said references
incorporated by reference in ~ - their entireties). In
an additional embodiment, the mdified BNP variants of
the invention have the sequence of two BNP variants
(e.g., BNP amino acid residues 1-29) in tandem. In an
additional embodiment, the modified BNP variants of
the invention have the sequence of three, four, five
or more BNP variants (e.g., BNP amino acid residues
1-29) in tandem, fa a preferred embodiment, the
modified BNP variants (e.g., BNP amino acid residues
1-29) of the invention may be used for the treatment
of congestive heart failure. In a preferred
embodiment, the modified BNP variants (e.g., BNP amino
acid residues 1-29) of the invention may be used in
the treatment of post-myocardial infarction. In an
additional embodiment, the modified BNP variants
(e.g., BNP amino acid residues 1-29) of the invention
may be used to treat additional cardiovascular
disorders, including, but not limited to,
hypertension, salt-sensitive hypertension, angina
pectoris, peripheral artery disease, hypotension,
cardiac volume overload, cardiac decompensation,
cardiac failure, non-hemodynamic CHF, left ventricular
dysfunction, dyspnea, myocardial reperfusion injury,
or left ventricular remodeling. In another embodiment,
the modified BNP variants (e.g., BNP amino acid
residues 1-29) of the invention may be used in the
treatment for elevated aldosterone levels, which can
lead to vasoconstriction, impaired cardiac output
and/or hypertension. In a preferred embodiment, the
modified BNP variants (e.g., BNP amino acid residues
1-29) of the invention may be used in the treatment of
renal disorders or diseases, including, but not
limited to, diabetic nephropathy; glomerular
hypertrophy, glomerular injury, renal glomerular
disease, acute and/or chronic renal failure. In an
additional embodiment, the modified BNP variants
(e.g., BNP amino acid residues 1-29) of the invention
may be used to treat stroke or excess fluid in
tissues. [0072] In another embodiment, CNP-HSA fusions
may be used in the regulation of endochodral
ossification. For example, in a preferred embodiment,
CNP-HSA fusions may be used in the treatment of
skeletal dysplasias, including, but not limited to
achondroplasia, hypochondroplasia, and thanatophoric
dysplasia. [0073] As used herein, "therapeutic
activity" or "activity" may refer to an activity whose
effect is consistent with a desirable therapeutic
outcome in humans, or to desired effects in non-human
mammals or in other species or organisms. Therapeutic
activity may be measured in vivo or in vitro. For
example, a desirable effect may be assayed in cell
culture. Such in vitro or cell culture assays are
commonly available for many Therapeutic proteins as
described in the art. Examples of assays include, but
are not limited to those described herein in the
Examples section or in the "Exemplary Activity Assay"
column (column 3) of Table 1.[0074] Therapeutic
proteins corresponding to a Therapeutic protein
portion of an albumin fusion protein of the invention,
such as cell surface and secretory proteins, are often
modified by the attachment of one or more
oligosaccharide groups. The modification, referred to
as glycosylation, can dramatically affect the physical
properties of proteins and can be important in protein
stability, secretion, and localization. Glycosylation
occurs at specific locations along the polypeptide
backbone. There are usually two major types of
glycosylation: glycosylation characterized by O-Iinked
oligosaccharides, which are attached to serine or
threonine residues; and glycosylation characterized by
N-linked oligosaccharides, which are attached to
asparagine residues in an Asn-X-Ser or Asn-X-Thr
sequence, where X can be any amino acid except
proline. N-acetylneuramic acid (also known as sialic
acid) is usually the terminal residue of both N-linked
and 0-linked oligosaccharides. Variables such as
protein structure and cell type influence the number
and nature of the carbohydrate units within the chains
at different glycosylation sites. Glycosylation
isomers are also common at the same site within a
given cell type. [0075] Therapeutic proteins
corresponding to a Therapeutic protein portion of an
albumin fusion protein of the invention, as well as
analogs and variants thereof, may be modified so that
glycosylation at one or more sites is altered as a
result of manipulation(s) of their nucleic acid
sequence, by the host cell in which they are
expressed, or due to other conditions of their
expression. For example, glycosylation isomers may be
produced by abolishing or introducing glycosylation
sites, e.g., by substitution or deletion of amino acid
residues, such as substitution of glutamine for
asparagine, or unglycosylated recombinant proteins may
be produced by expressing the proteins in host cells
that will not glycosylate them, e.g. in E. 



coli or glycosylation-defcient yeast. These approaches
are described in more detail below and are known in
the art. [0076] Therapeutic proteins, particularly
those disclosed in Table 1, and their nucleic acid and
amino acid sequences are well known in the art and
available in public databases such as Chemical
Abstracts Services Databases (e.g., the CAS Registry),
GenBank, and subscription provided databases such as
GenSeq (e.g., Derwent). Exemplary nucleotide sequences
of Therapeutic proteins which may be used to derive a
polynucleotide of the invention are shown in column 7,
"SEQ ID NO:X," of Table 2. Sequences shown as SEQ ID
NO:X may be a wild type polynucleotide sequence
encoding a given Therapeutic protein (e.g., either
full length or mature), or in some instances the
sequence may be a variant of said wild type
polynucleotide sequence (e.g., a polynucleotide which
encodes the wild type Therapeutic protein, wherein the
DNA sequence of said polynucleotide has been
optimized, for example, for expression in a particular
species; or a polynucleotide encoding a variant of the
wild type Therapeutic protein (i.e., a site directed
mutant; an allelic variant)). It is well within the
ability of the skilled artisan to use the sequence
shown as SEQ ID NO:X to derive the construct described
in the same row. For example, if SEQ ID N0:X
corresponds to a full length protein, but only a
portion of that protein is used to generate the
specific CID, it is within the skill of the art to
rely on molecular biology techniques, such as PCR, to
amplify the specific fragment and clone it into the
appropriate vector. [0077] Additional Therapeutic
proteins corresponding to a Therapeutic protein
portion of an albumin fusion protein of the invention
include, but are not limited to, one or more of the
Therapeutic proteins or peptides disclosed in the
"Therapeutic Protein X" column of Table 1 (column 1),
or fragment or.-variant-thereof. - - - - - - - - - - -
- - - - - - [0078] Table 1 provides a non-exhaustive
list of Therapeutic proteins that correspond to a
Therapeutic protein portion of an albumin fusion
protein of the invention, or an albumin fusion protein
encoded by a polynucleotide of the invention. The
first column, "Therapeutic Protein X," discloses
Therapeutic protein molecules that may be followed by
parentheses containing scientific and brand names of
proteins that comprise, or alternatively consist of,
that Therapeutic protein molecule or a fragment or
variant thereof. "Therapeutic protein X" as used
herein may refer either to an individual Therapeutic
protein molecule, or to the entire group of
Therapeutic proteins associated with a given
Therapeutic protein molecule disclosed in this column.
The "Biological activity" column (column 2) describes
Biological activities associated with the Therapeutic
protein molecule. Column 3, "Exemplary Activity
Assay," provides references that describe assays which
may be used to test the therapeutic and/or biological
activity of a Therapeutic protein:X or an albumin
fusion protein comprising a Therapeutic protein X (or
fragment thereof) portion. Each of the references
cited in the "Exemplary Activity Assay" column are
herein incorporated by reference in their entireties,
particularly with respect to the description of the
respective activity assay described in the reference
(see Methods section therein, for example) for
assaying the corresponding biological activity set
forth in the "Biological Activity" column of Table 1.
The fourth column, "Preferred Indication: Y,"
describes disease, disorders, and/or conditions that
may be treated, prevented, diagnosed, and/or
ameliorated by Therapeutic protein X or an albumin
fusion protein comprising a Therapeutic protein X (or
fragment thereof) portion. The "Construct ID" column
(column 5 ) provides a link to an exemplary albumin
fusion construct disclosed in Table 2 which encodes an
albumin fusion protein comprising, or alternatively
consisting of the referenced Therapeutic Protein X (or
fragment thereof) portion.Table 1 :Table 1Table 1Table
1 fATTORNEY DOCKETNO. 65577WO (49163) Express Mail
Mailing Label No. EV756267675US USE OF HEAT SHOCK TO
TREAT OCULAR DISEASE CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of
the following U.S. Provisional Application Nos.:
60/703,068, which was filed on July 27, 2005, and
60/729,182, which was filed on October 21, 2005; the
entire contents of each of these applications is
hereby incorporated by 



reference. STATEMENTOF RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH This work was supported
by a National Eye Institute Grant, Grant No.
EYO16070-01. The government may have certain rights in
the invention. BACKGROUND OF THE INVENTION Age-related
macular degeneration (ARMD) is the most common cause
of blindness in the Western world. As a consequence,
ARMD is an important public health problem.
Approximately 85 to 90% of patients have the
non-exudative (dry) form of ARMD. This consists of
retinal pigment epithelium atrophy, depigmentation and
retinal pigment epithelium loss. Dry ARMD affects the
elderly population, seriously compromising the quality
of their lives. Treatment options have been limited.
Outside of nutritional and vitamin supplements, there
is no effective specific treatment for form of the
disease. Current therapeutic approaches for treating
ARMD are ineffective. Thus, improved therapeutic
methods are urgently required. SUMMARY OF THE
INVENTION As described below, the present invention
features methods of treating an ocular disease by
inducing a heat shock response that recruits stem
cells to the eye to repair damaged tissue. In a first
aspect, the invention features a method for
ameliorating an ocular disease in a subject. The
method involves inducing heat shock in at least one
cell of an ocular tissue; and recruiting a stem cell
to the ocular tissue, thereby ameliorating the ocular
disorder. In one embodiment, the heat shock is induced
in the ocular tissue using sub-visible threshold laser
(SVL) stimulation. In another embodiment, the heat
shock is induced using a small compound selected from
the group consisting of geldanamycin, celastrol,
17-allylamino-17-demethoxygeldanamycin, EC102,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71 . In yet another embodiment, heat
shock is induced using a heat shock polypeptide or an
expression vector containing a polynucleotide encoding
a heat shock polypeptide (e.g., HsplOO, Hsp90, Hsp70,
Hsp60, and Hsp40). In yet another aspect, the heat
shock polypeptide is Hsp70 or Hsp90. In yet another
embodiment, the stem cell is a bone marrow derived
cell, such as a hematopoietic stem cell. In yet
another embodiment, the method reduces at least one
symptom of the ocular disease or disorder. In further
embodiments, the ocular disease or disorder is any one
or more of diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy, cystoid macular edema, retinal detachment,
photic damage, ischemic retinopathies,
inflammation-induced retinal degenerative disease,
X-linked juvenile retinoschisis, glaucoma, Malattia
Leventinese (ML) and Doyne honeycomb retinal
dystrophy. 



In yet another aspect, the invention provides a method
of recruiting a stem cell to an ocular tissue of a
subject in need thereof. The method involves
stimulating the ocular tissue with a sub-threshold
laser, wherein the level of stimulation is sufficient
to recruit at least one stem cell to the tissue. In
various embodiments, the laser treatment features a
10% or 15% duty cycle is used; the sub-threshold laser
has a wavelength from at least about 100 nm to 2000 nm
(e.g., 100, 200, 250, 300, 500, 750, 1000, 1250, 1500,
1750, 2000). In yet other embodiments, the
sub-threshold laser energy is from about 5mW to 200 mW
(e.g., 5, 10, 25, 50, 75, 100, 125, 150, 175, 200 mW)
and is administered in a micropulse having a duration
from about 0.001 msec to 1.0 msec (e.g., 0.001, 0.005,
0.01, 0.025, 0.5, 0.75, or 1.0 msec). In other
embodiments, the laser energy is between about 10 mW
to 100 mW and the duration of the micropulse is 0.1
msec. In still other embodiments, the stimulation
increases the expression or biological activity of a
heat shock protein selected from the group consisting
of HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40. In other
embodiments, the increase is by at least about 5, 10,
20, 25, 50, 75, or 100% or more. In still other
embodiments, the stimulation alters the expression or
activity of a protein selected from the group
consisting of SDF-I, VEGF, HIF-l a, crystallin,
hypoxia-inducible factor 1-alpha (HIF-Ia), and CXCR-4.
In still other embodiments, the method increases the
expression of an Hsp70 or Hsp90 polypeptide by at
least 10-fold, 20-fold, 40-fold, 50-fold, or more. In
yet another aspect, the invention provides a method of
recruiting a stem cell to an ocular tissue of a
subject in need thereof. The method involves
administering an agent to asubject in an amount
sufficient to induce heat shock in an ocular tissue;
and recruiting a stem cell to the ocular tissue. In
yet another aspect, the invention provides a method of
ameliorating an ocular disease or disorder in a
subject in need thereof. The method involves
administering an agent to a subject in an amount
sufficient to induce heat shock in an ocular tissue;
and recruiting a stem cell to the ocular tissue,
thereby ameliorating the ocular disease or disorder.
In a related aspect, the invention provides a method
of regenerating the retina in a subject in need
thereof. The method involves administering an agent to
a subject in an amount sufficient to induce heat shock
in an ocular tissue; and recruiting a stem cell to the
ocular tissue, thereby regenerating the retina. In
another related aspect, the invention provides a
method of repairing retinal pigment epithelium damage
in a subject in need thereof. The method involves
administering an agent to a subject in an amount
sufficient to induce heat shock in an ocular tissue;
and recruiting a stem cell to the ocular tissue,
thereby repairing the retinal pigment epithelium. In
yet another aspect, the invention features a method of
ameliorating an ocular * disease or disorder in a
subject in need thereof. The method involves
administering to the subject an agent that mobilizes a
bone marrow derived stem cell in the subject; inducing
heat shock in an ocular tissue; and recruiting the
stem cell to the ocular tissue, thereby ameliorating
the ocular disease or disorder. 



In a related aspect, the invention features a method
of ameliorating macular degeneration in a subject in
need thereof. The method involves administering to the
subject GM-CSF and/or Stem Cell Factor, wherein the
administration mobilizes a bone marrow derived stem
cell in the subject; inducing heat shock in an ocular
tissue by administering a subthreshold laser treatment
or pharmacological agent; and recruiting the bone
marrow derived stem cell to the ocular tissue, thereby
ameliorating the macular degeneration. In another
aspect, the invention features a pharmaceutical
composition for stem cell recruitment, the composition
containing an effective amount of a small compound
selected from the group consisting of geldanamycin,
celastrol, 17-allylamino-17- demethoxygeldanamycin,
EC102, radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71 formulated in a pharmaceutically
acceptable excipient for ocular delivery. In another
aspect, the invention features a pharmaceutical
composition for stem cell recruitment in an ocular
tissue, the composition containing an expression
vector containing a polynucleotide encoding a heat
shock polypeptide (e.g., HsplOO, Hsp90, Hsp70, Hsp60,
and Hsp40) formulated in a pharmaceutically acceptable
excipient for ocular delivery.In another aspect, the
invention features a pharmaceutical composition for
stem cell recruitment in an ocular tissue, the
composition containing a polypeptide (e.g., HsplOO,
Hsp90, Hsp70, Hsp60, or Hsp40) formulated in a
pharmaceutically acceptable excipient for ocular
delivery. In yet another aspect, the kit contains an
effective amount of an agent (e.g., a polypeptide, a
polynucleotide, or a small compound) that induces a
heat shock response in an ocular tissue, and
instructions for using the kit to increase stem cell
recruitment hi various embodiments, the polypeptide is
HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40. In yet other
embodiments, the polynucleotide encodes HsplOO, Hsp90,
Hsp70, Hsp60, and Hsp40. In still other embodiments,
the small compound is selected from the group
consisting of geldanamycin, celastrol,
17-allylamino-17-demethoxygeldanamycin, EC102,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71. In another aspect, the invention
features a method of identifying an agent that
increases stem cell recruitment in an ocular tissue,
the method involving contacting an ocular cell with a
test compound; identifying an increase in the
expression or activity of a heat shock polypeptide
relative to an untreated ocular cell, thereby
identifying a compound that increases stem cell
recruitment. In another aspect, the invention features
a method of identifying an agent that increases stem
cell recruitment in an ocular tissue, the method
involving contacting an ocular cell with a test
compound; and identifying an increase in the number of
stem cells in the tissue. In various embodiments of
any of the above aspects, the subject has an ocular
disease or disorder is selected from the group
consisting of diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, 



glaucoma, corneal dystrophies, retinoschises,
Stargardt's disease, autosomal dominant druzen, and
Best's macular dystrophy, cystoid macular edema,
retinal detachment, photic damage, ischemic
retinopathies, inflammation-induced retinal
degenerative disease, X-linked juvenile retinoschisis,
glaucoma, Malattia Leventinese (ML) and Doyne
honeycomb retinal dystrophy. In other embodiments of
any of the above aspects, the agent increases the
expression or biological activity of a heat shock
protein selected from the group consisting of HsplOO,
Hsp90, Hsp70, Hsp60, and Hsp40. In yet other
embodiments, the agent alters the expression or
activity of any one or more of the following proteins:
SDF-I, VEGF, HIF- la, crystallin, hypoxia-inducible
factor 1-alpha (HIF-Ia), and CXCR-4. In still other
embodiments of the above aspects, the method increases
the expression of an Hsp70 orHsp90 polypeptide by at
least about 10-fold or by at least 40-fold. In yet
other embodiments of any of the above aspects, an
agent that increases hematopoietic stem cell
mobilization (e.g., GM-CSF and/or SCF) is administered
to the subject prior to induction of the heat shock
response. In still other embodiments of any of the
above aspects, the method further involves
administering an anti-inflammatory agent or an
anti-angiogenic agent. In still other embodiments, the
method further involves administering an agent that
supports the survival, proliferation, or
transdifferentiation of a hematopoietic stem cell. In
still other embodiments of any of the above aspects,
the method further involves administering all
trans-retinoic acid to enhance the
transdifferentiation of the stem cell to a retinal
pigment epithelial cell. In still other embodiments of
any of the above aspects, the stem cell mobilizing
agent is granulocyte macrophage colony stimulating
factor or stem cell factor. In yet other embodiments
of any of the above aspects, the heat shock is induced
using a subthreshold laser treatment or using an agent
that is a small compound, a polypeptide, or a nucleic
acid molecule positioned for expression in a cell. In
yet other embodiments of any of the above aspects, the
polypeptide is a heat shock polypeptide. In yet other
embodiments, the nucleic acid molecule encodes a heat
shock polypeptide (e.g., Hsp70, Hsp90) or encodes a
therapeutic polypeptide (e.g., an anti-inflammatory
polypeptide or modulator of angiogenesis). In still
other embodiments of any of the above aspects, the
pharmacological agent is selected from the group
consisting of geldanamycin, celastrol,
17-allylamino-17-demethoxygeldanamycin, EC102,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71 . In various embodiments of any of
the above aspects, the agent is administered by
intravitreal or retro-orbital injection. In still
other embodiments of any of the above aspects, the
administration induces cellular repair of the RPE
layer. In still other embodiments of any of the above
aspects, the method further involves administering a
vector encoding a therapeutic polypeptide. In still
other embodiments, the method further involves
administering a substantially purified stem cell
(e.g., bone marrow derived cell or hematopoietic stem
cell to the subject. In yet other embodiments of any
of the above aspects, the stem cell is administered
locally by intravitreal or retro-orbital infection or
systemically. The invention provides methods of
treating various ocular diseases. Other features 



and advantages of the invention will be apparent from
the detailed description, and from the
claims.Definitions By "agent" is meant any small
molecule chemical compound, antibody, nucleic acid
molecule, or polypeptide, or fragments thereof. By
"alteration" is meant a change (increase or decrease)
in the expression levels of a gene or polypeptide as
detected by standard art known methods such as those
described above. As used herein, an alteration
includes a 10% change in expression levels, preferably
a 25% change, more preferably a 40% change, and most
preferably a 50% or greater change in expression
levels. By "ameliorate" is meant decrease, suppress,
attenuate, diminish, arrest, or stabilize the
development or progression of a disease. By "analog"
is meant a structurally related polypeptide or nucleic
acid molecule having the function of a reference
polypeptide or nucleic acid molecule. By "biological
activity of a heat shock protein" is meant a chaperone
activity or stem cell recruiting activity. By
"compound" is meant any small molecule chemical
compound, antibody, nucleic acid molecule, or
polypeptide, or fragments thereof. In this disclosure,
"comprises," "comprising," "containing" and "having"
and the like can have the meaning ascribed to them in
U.S. Patent law and can mean " includes," "including,"
and the like; "consisting essentially of or "consists
essentially" likewise has the meaning ascribed in U.S.
Patent law and the term is open-ended, allowing for
the presence of more than that which is recited so
long as basic or novel characteristics of that which
is recited is not changed by the presence of more than
that which is recited, but excludes prior art
embodiments. By "detectable label" is meant a
composition that when linked to a molecule of interest
renders the latter detectable, via spectroscopic,
photochemical, biochemical, immunochemical, or
chemical means. For example, useful labels include
radioactive isotopes, magnetic beads, metallic beads,
colloidal particles, fluorescent dyes, electron-dense
reagents, enzymes (for example, as commonly used in an
ELISA), biotin, digoxigenin, or haptens. A "labeled
nucleic acid or polypeptide" is one that is bound,
either covalently, through a linker or a chemical
bond, or noncovalently, through ionic bonds, van der
Waals forces, electrostatic attractions, hydrophobic
interactions, or hydrogen bonds, to a label such that
the presence of the nucleic acid or probe may be
detected by detecting the presence of the label bound
to the nucleic acid or probe.By "expression vector" is
meant a nucleic acid construct, generated
recombinantly or synthetically, bearing a series of
specified nucleic acid elements that enable
transcription of a particular gene in a host cell.
Typically, gene expression is placed under the control
of certain regulatory elements, including constitutive
or inducible promoters, tissue-preferred regulatory 



elements, and enhancers. By "fragment" is meant a
portion of a polypeptide or nucleic acid molecule.
This portion contains, preferably, at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90% of the entire
length of the reference nucleic acid molecule or
polypeptide. A fragment may contain 10, 20, 30, 40,
50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600,
700, 800, 900, or 1000 nucleotides or amino acids. By
"heat shock" is meant any cellular response to thermal
stress. Typically, cells respond to heat shock by
increasing the transcription or translation of a heat
shock polypeptide (e.g., Hsp70 or 90). By "heat shock
polypeptide" is meant any polypeptide expressed in a
cell in response to thermal stress. Exemplary heat
shock polypeptides include, but are not limited to,
HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40. An exemplary
Hsp70 amino acid sequence is provided at GenBank
Accession No. AAA02807. Exemplary Hsp90 amino acid
sequence is provided at GenBank Accession Nos. P08238,
NP 005339, NP 00 10 17963 , and PQ7900. By "heat shock
response activator" is meant a compound that increases
the chaperone activity or expression of a heat shock
pathway component. Heat shock pathway components
include, but are not limited to, HsplOO, Hsp90, Hsp70,
Hsp60, Hsp40 and small HSP family members. Agents or
treatments that induce heat shock typically increase
the expression or activity of at least one of Hsp70 or
Hsp90. By "hematopoietic stem cell" is meant a bone
marrow derived cell capable of giving rise to one or
more differentiated cells of the hematopoietic
lineage. By "hematopoietic stem cell mobilization" is
meant increasing the number of bone marrow derived
stem cells available for recruitment to an organ or
tissue in need thereof. By "ocular disease or
disorder" is meant a pathology effecting the normal
function of the eye. By "operably linked" is meant
that a first polynucleotide is positioned adjacent to
a second polynucleotide that directs transcription of
the first polynucleotide when appropriate molecules
(e.g., transcriptional activator proteins) are bound
to the second polynucleotide. By "polypeptide" is
meant any chain of amino acids, regardless of length
or posttranslational modification.By "positioned for
expression" is meant that the polynucleotide of the
invention (e.g., a DNA molecule) is positioned
adjacent to a DNA sequence that directs transcription
and translation of the sequence (i.e., facilitates the
production of, for example, a recombinant polypeptide
of the invention, or an RNA molecule). By "promoter"
is meant a polynucleotide sufficient to direct
transcription. Exemplary promoters include nucleic
acid sequences of lengths 100, 250, 300, 400, 500,
750, 900, 1000, 1250, and 1500 nucleotides that are
upstream (e.g., immediately upstream) of the
translation start site. By "recruit" is meant attract
for incorporation into a tissue. 



By "reduces" or "increases" is meant a negative or
positive alteration, respectively, of at least 10%,
25%, 50%, 75%, or 100%. By "regenerating the retina"
is meant increasing the number, survival, or
proliferation of cells in the retina or retinal
pigmented epithelium. By "repairing retinal pigment
epithelium damage" is meant ameliorating retinal
pigment epithelium injury, damage, or cell death. By
"stem cell" is meant a progenitor cell capable of
giving rise to one or more differentiated cell types.
By "subject" is meant a mammal, including, but not
limited to, a human or non-human mammal, such as a
bovine, equine, canine, ovine, or feline. By
"subthreshold laser" is meant a laser therapy that
induces a lesion that is undetectable or barely
detectable in the retina during or following
treatment. A lesion is "undetectable" where little or
no intraoperative visible tissue reaction is present
or where little or no cell death (e.g., less than 10%,
5%, 2.5%, 1% of cells in treated tissue die or
apoptose) due to laser treatment. As used herein, the
terms "treat," treating," "treatment," and the like
refer to reducing or ameliorating a disorder and/or
symptoms associated therewith. It will be appreciated
that, although not precluded, treating a disorder or
condition does not require that the disorder,
condition or symptoms 'associated therewith be
completely eliminated. As used herein, the terms
"prevent," "preventing," "prevention," "prophylactic
treatment" and the like refer to reducing the
probability of developing a disorder or condition in a
subject, who does not have, but is at risk of or
susceptible to developing a disorder or condition. By
"reference" is meant a standard or control
condition.By "transdifferentiation" is meant altering
the cell, such that it expresses at least one
polypeptide characteristically expressed by a cell of
a different type. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a series of ocular tissue mounts. The
dark regions in Figure 1 represent GFP+ cells that
have incorporated into the RPE layer in areas that
have received laser. Background fluorescence, as
determined by the contralateral (unaffected) eye, was
removed. Figure 2 is a graph quantitating
hematopoietic stem cell (HSC) incorporation into the
retinal pigment epithelium (RPE). Figure 3 is a series
of panels showing ocular tissue mounts taken from mice
that received suborbital injection OfGFP+ HSC in
combination with pharmacologically induced heat shock
using geldanamycin derivatives D28 or H71; that
received HSP70 polypeptide injection. DETAILED
DESCRIPTION OF THE INVENTION The invention generally
features compositions and methods that are useful for
treating 



or preventing an ocular disease. The invention is
based, at least in part, on the discovery that laser
or pharmacological induction of heat shock in the
retinal pigment epithelial (RPE) layer and choroid
caused hematopoietic stem cells to be recruited to the
RPE, where they transdifferentiated into cells
expressing markers specific to retinal pigment
epithelium cells. Without wishing to be bound by
theory, this homing response is due at least in part
to activation of the heat shock response. As reported
in more detail below, sub-visible threshold laser
stimulation of the retinal pigment epithelium and
choroid was used to recruit HSCs to the RPE layer.
Adoptive transfer of GFP-labeled HSCs and GFP chimeric
animals, were used to demonstrate that HSCs cells can
migrate to the RPE layer. SVL induced the expression
of heat shock proteins and the subsequent expression
of the HSC chemoattractants stromal derived factor
(SDF-I) and VEGF. The laser-induced effect could be
recapitulated by the intravitreal administration of
compounds that chemically induce the heat shock
response. Recruited HSCs acquired the morphological
characteristics of mature RPE cells and also expressed
RPE-specific proteins. Thus, the present invention
provides methods for the treatment of subjects having
an ocular disease, such as diabetic retinopathy,
choroidal neovascularization, glaucoma retinitis
pigmentosa, age-related macular degeneration,
glaucoma, corneal dystrophies,
retinoschises,Stargardt's disease, autosomal dominant
druzen, and Best's macular dystrophy, cystoid macular
edema, retinal detachment, photic damage, ischemic
retinopathies, inflammationinduced retinal
degenerative disease, X-linked juvenile retinoschisis,
glaucoma, Malattia Leventinese (ML) and Doyne
honeycomb retinal dystrophy. Hematopoietic stem cells
Hematopoietic stem cells are bone marrow-derived cells
that represent an endogenous source known for their
reparative potential as well as for their plasticity.
Bone marrowderived hematopoietic stem cells (HSCs) are
able to repair damaged tissues, including heart,
liver, brain, muscle and kidney. As reported herein,
hematopoietic stem cells can also be used to repair
the retina. Sub-threshold laser (STL) stimulation of
the retina induced recruitment of HSCs that
subsequently transdifferentiated into RPE-like cells.
Without wishing to be bound by theory, this process is
mediated, at least in part, by molecular interactions
that involve chemokines, such as stromal derived
growth factor- 1 (SDF-I) and chemokine receptors, such
as the SDF-I receptor (CXCR-4) that are activated by
subthreshold laser. Stem cells are recruited to areas
of injury to effect the repair of the injured tissue.
If desired, the number of hematopoietic stem cells
present in the circulation of a subject may be
increased prior to, during, or following induction of
heat shock. In one embodiment, this increase in
hematopoietic stem cell number is accomplished by
mobilizing hematopoietic stem cells present in the
bone marrow of the subject by administering any one or
more of granulocyte-macrophage colony stimulating
factor (G-CSF), stem cell factor (SCF), IL-8, SDF-I
(stromal derived factor), interleukin-1 (IL-I),
interleukin-3 (IL-3), interleukin-6 (IL- 



6), interleukin-7 (IL-7), interleukin-8 (IL-8),
interleukin-1 1 (IL-Il), interleukin-12 (IL-12), and
NIP-I a, stem cell factor (SCF), fims-like tyrosine
kinase-3 (flt-3), transforming growth factor-b
(TGF-b), an early acting hematopoietic factor,
described, for example in WO 91/05795, and
thrombopoietin (Tpo), FLK-2 ligand, FLT-2 ligand, Epo,
Oncostatin M, and MCSF. SDF-I is a potent cytokine
that induces the recruitment of stem cells. SDF-I is
expressed by RPE cells during stress. Administration
of G-CSF and/or SDF-I will increase the number of HSC
in the peripheral blood and will likely enhance
subsequent HSC recruitment to the retina and RPE
layer. Preferably, hematopoietic stem cells of the
invention fail to express or express reduced levels of
any one or more of the following markers: Lin , CD2 ,
CD3", CD7 , CD8 , CDlO , CD14 , CD15 , CD16\ CD19 ,
CD20 , CD33 , CD38 , CD71 , HLA-DR , and glycophorin A
.Ophthalmic lasers Ophthalmic lasers are an important
tool for the treatment of various retinal disorders
where they have typically been used to generate
laser-induced photochemical burns. In contrast, the
diode 810 nanometer laser is believed to cause less
damage to the neurosensory retina because the energy
is absorbed by the RPE. The present invention provides
methods for using a subvisible laser application to
mobilize hematopoietic stem cells and recruit them to
the retinal pigment epithelium layer. In the present
method, an infrared (810 nm) laser is used in
micropulse mode for the treatment of retinal
disorders. By using repetitive, brief pulses of laser
during a single exposure, it limits the amount of heat
conduction and subsequent RPE damage. In one approach,
laser administration is controlled to reduce or
eliminate photothermal damage. For example, the laser
treatment is controlled to reduce or eliminate
intraoperative visible tissue reaction (e.g.,
photocoagulation necrosis) and or late cellular death
(apoptosis) hi other examples, the threshold of
non-lethal thermal injury is controlled such that
intraoperative visible tissue reaction is reduced or
absent, late cellular death is reduced or absent, and
consistent positive HSC recruitment is present.
Preferably, the photothermal damage is reduced by at
least 10%, 25%, or 30% relative to a patient treated
with conventional laser therapy; more preferably,
photothermal damage is reduced by at least 50%, 75%,
85%, 95% or 100%. More preferably, the patient's
visual acuity is substantially preserved (e.g., is
preserved at or near the patient's current level of
visual acuity). Methods of inducing heat shock using a
sub-threshold laser include, for example,
administering a grid pattern of 40-50 well-spaced
810nm-laser spots with a diameter of 5 mm, l Omm, 25
mm, 35 mm, or 50mm. The power and delivery modalities
may be varied to reduce or eliminate photothermal
damage. For example, a continuous-wave (cw) delivery
mode; a microPulse (mP) delivery mode (e.g., using
20%, 15%, 10% and 5% duty cycle); or a long pulse
delivery mode may be used. In particular embodiments,
the present methods feature the use of a sub-threshold
laser having a wavelength from at least about 100 nm
up to 2000 nm, where the sub-threshold laser energy is
at least about 10 mW to 100 mW (e.g., 10, 20, 30, 40,
50, 60, 70, 80, 90 or 



100). The laser is applied for a duration ofat least
0.001, 0.005, 0.1, 0.2 or 1.0 msec. In other
embodiments, 10 mW is administered in a 0.1 msec pulse
or 100 mW is administered in a 0.1 msec pulse. Ocular
tissues amenable to laser treatment include the
choroid, retinal pigment epithelium, or any other
ocular tissue where stem cell repair of tissue damage
is desirable.While specific examples described herein
relate to the use of lasers to induce heat shock, one
skilled in the art appreciates that the invention is
not so limited. Virtually any method of energy
delivery capable of inducing the heat shock response
in at least one cell of an ocular tissue may be used.
Such methods include, for example, stimulation using
radiation, transpupillary thermography or any other
form of energy, such as light energy, in an amount
sufficient to stimulate stem cell recruitment may be
used. In various embodiments, laser stimulation
sufficient to recruit stem cells refers to a light
beam, or photons that have a wavelength of from about
100 nm up to 2000 nm. Usually the wavelength is
between about 500 nm to about 900 nm. Heat shock
response activators Heat shock response activators
include agents (e.g., small compound, polypeptide, and
nucleic acid molecules) that induce a heat shock
response in a cell. Such agents increase, for example,
the expression of biological activity of a heat shock
protein, such as HsplOO, Hsp90, Hsp70, Hsp O, Hsp40
and small HSP family members. More preferably, the
agent increases the expression or biological activity
of Hsp9Q or Hsp70. Heat shock protein 90 (Hsp90) is a
chaperone involved in cell signaling, proliferation
and survival, and is essential for the conformational
stability and function of a number of proteins. HSP90
modulators are useful in the methods of the invention,
such modulators increase the expression or the
biological activity of a HSP90. HSP90 modulators
include benzoquinone ansamycin antibiotics, such as
geldanamycin and
17-allylamino-17-demethoxygeldanamycin (17-AAG), which
specifically bind to Hsp90, and alter its function.
Other Hsp90 modulators include, but are not limited
to, radicicol, novobiocin, and any Hsp90 inhibitor
that binds to the Hsp90 ATP/ADP pocket. Other agents
that induce heat shock include, but are not limited
to, geldanamycin, (InvivoGen, San Diego, California;
Chang et al., J Cell Biochem. 2006 Jan 1;97(1):
156-65), celastrol,
17-allylamino-17-demethoxygeldanamycin, InvivoGen, San
Diego, California), EC102, radicicol (Chang et al., J
Cell Biochem. 2006 Jan l;97(l):156-65),
geranylgeranylacetone (Eisai, Tokyo, Japan),
paeoniflorin (Axxora, San Diego, CA), PUDZ8, and H-71
(H-71 (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA), as well as analogs or mimetics of any of these
compounds. Celastrol, a quinone methide triterpene,
activates the human heat shock response. Celastrol and
other heat shock response activators are useful for
the treatment of ocular disease. Heat shock response
activators include, but are not limitedto, celastrol,
celastrol methyl ester, dihydrocelastrol diacetate,
celastrol butyl ester, dihydrocelastrol, and salts or
analogs thereof. Ocular Disease 



The invention may be used for the treatment of ocular
diseases that include preproliferative retinopathy,
diabetic retinopathy, choroidal neovascularization,
glaucoma, retinitis pigmentosa, age-related macular
degeneration, corneal dystrophies, retinoschises,
Stargardt's disease, autosomal dominant druzen, and
Best's macular dystrophy. In particular, the invention
provides for the treatment of neovascularization
related to proliferative diabetic retinopathy and
choroidal neovascularization. Type I diabetes is
associated with a high risk for proliferative diabetic
retinopathy (Jacobsen, N. et al. 2003 Ugeskr Laeger
165:2953-6). Chronic exposure to the diabetic mileau
typically leads to preproliferative retinopathy.
Pre-proliferative retinopathy is associated with focal
areas of ischemia. It is widely accepted that
neovascularization is associated with increased
expression of pro-angiogenic factors such as vascular
endothelial growth factor (VEGF), along with reduced
expression of anti-angiogenic factors, such as
endostatin and pigment epithelial derived factor, PEDF
(Funatsu, H., et al. 2003 Invest Ophthalmol Vis Sd
44:1042- 7; Noma, H., et al. 2002 Arch Ophthalmol
120:1075-80; Dawson, D.W. et al. 1999 Science
285:245-8; Spranger, J., et al. 2001 Diabetes
50:2641-5; Holekamp, N.M. et al 2002Am J Ophthalmol
134:220-7; Boehm, B.O., et al. 2003 Horm Metab Res
35:382-6). The change in the balance between
pro-angiogenic and anti-angiogenic factors elicits
neovascularization and induces capillary leakage
(Funatsu, H., et al. 2002 Am J Ophthalmol 133:70-7;
Caldwell, R.B., et al. 2003 Diabetes Metab Res Rev
19:442-55; Antcliff, RJ. et al. 1999 Semin Ophthalmol
14:223-32). After several years, patients having
pre-proliferative retinopathy experience retinal
pathology characterized by the extensive loss of
retinal capillaries and cotton wool spots, followed by
the development of new vessels that grow from the
retina into the normally avascular vitreous. The
fragile new vessels are prone to leakage, causing
macular edema and blurry vision. Susceptible to
breakage, rupture of these abnormal vessels can result
in immediate vision loss. If permitted to grow, the
neovascularization can form blinding fibrovascular
membranes and cause the retina to detach. Under
presently available treatment protocols, proliferative
diabetic retinopathy is treated at the proliferative
stage of the condition by placing a grid of laser
burns over the retina. This destructive treatment
results in substantial vision loss. After a 20 year
duration of diabetes, 33% of young adults have
received suchlaser treatments, with an associated
decrease in visual acuity and visual angle (Kokkonen,
J. et al. 1994 Acta Paediatr 83:273-8; Early Treatment
Diabetic Retinopathy Study Research Group 1991
Ophthalmology 98:766-85; Davies, N. 1999 Eye 13 ( Pt
4):531-6; Dosso, A.A. et al. 2000 Diabetes Care
23:1855). Another condition that can be treated with
the methods of the invention is choroidal
neovascularization. Choroidal neovascularization is
responsible for significant loss of vision associated
with age-related macular degeneration (AMD), for
example. In abnormal choroidal neovascularization, new
vessels grow from the choroid into the subretinal
space. Retinas at high risk for choroidal
neovascularization are identified by the presence of 



multiple or large soft drusen, reticular drusen,
and/or pigmentary changes (Macular Photocoagulation
Study Group 1997, Arch Ophthalmol 115:741-7; Arnold,
JJ. et al. 1995 Retina 15:183-91). VEGF, a
hypoxia-regulated protein, is associated with
choroidal neovascularization (Frank, R.N., et al. 1996
Am J Ophthalmol 122:393-403; Ishibashi, T. et al. 1997
Arch Clin Exp Ophthalmol 235:159-67; Kwak, N. et al.
2000 Invest Ophthalmol Vis Sci 41:3158-64). Retinal
degeneration is another condition amenable to
treatment using the methods of the invention. Retinal
degenerative diseases include those diseases
characterized by retinal neuron injury or retinal
neuron cell death. Retinal neurons include, but are
not limited to, photoreceptors and retinal ganglion
cells. The retinal degenerative diseases include
inherited, acquired, and inflammation-induced retinal
degenerative diseases. Inherited retinal degenerative
diseases include, for example, all forms of macular
degeneration (e.g., dry and exudative age-related
macular degeneration), Stargardt's disease, Best's
disease, glaucoma, retinitis pigmentosa, and optic
nerve degeneration. Acquired retinal degenerative
diseases include those associated with cystoid macular
edema, retinal detachment, photic damage, ischemic
retinopathies due to venous or arterial occlusion or
other vascular disorders, retinopathies due to trauma,
surgery, or penetrating lesions of the eye, and
peripheral vitreoretinopathy. Inflammation-induced
retinal degenerative diseases include those associated
with viral-, bacterial- and toxin-induced retinal
degeneration, and/or uveitis, as well as those that
result in optic neuritis. Other diseases and disorders
susceptible to treatment using the methods of the
invention include X-linked juvenile retinoschisis,
glaucoma, Malattia Leventinese (ML) and Doyne
honeycomb retinal dystrophy (DHRD), and corneal
dystrophies.This invention also provides methods for
preventing cellular damage in retinal neurons,
including damage associated with post-surgical trauma
and complications from subsequent exposure to damaging
bright light in a protective modality. Screening
Assays As discussed herein, compounds that induce heat
shock or stem cell recruitment to the retinal pigment
epithelium are useful in the methods of the invention.
Any number of methods are available for carrying out
screening assays to identify such compounds. In one
approach, the expression of an HSP polypeptide or
nucleic acid molecule is monitored in a cell (e.g., an
ocular cell, such as a cell of the choroid or retinal
pigment epithelium in vitro or in vivo); the cell is
contacted with a candidate compound; and the effect of
the compound on HSP polypeptide or nucleic acid
molecule expression is assayed using any method known
in the art or described herein. A compound that
increases the expression of an HSP polypeptide or
nucleic acid molecule in the contacted cell relative
to a control cell that was not contacted with the
compound, is considered useful in the methods of the
invention. Alternatively, compounds are screened to
identify those that increase stem cell recruitment to
the retina. In one embodiment, stem cell recruitment
is assayed in a chimeric mouse injected locally or 



systemically with GFP+ expressing stem cells. The
presence OfGFP+ cells is assayed, for example, by
examining retinal flat mounts using fluorescence
microscopy. Compounds that the number of stem cells
recruited to the retina are useful in the methods of
the invention. In other embodiments, the survival or
differentiation of such cells is assayed using cell
specific markers. In a related approach, the screen is
carried out in the presence of 11-cis-retinal, 9-
cis-retinal, or an analog or derivative thereof.
Useful compounds increase the number of stem cells
recruited to the retina by at least 10%, 15%, or 20%,
or preferably by 25%, 50%, or 75%; or most preferably
by at least 100%. If desired, the efficacy of the
identified compound is assayed in an animal model
having a ocular disease (e.g., an animal model of
retinitis pigmentosa) or having diabetes. Test
Compounds and Extracts In general, compounds capable
of inducing a heat shock response in a cell or
increasing stem cell recruitment to an ocular tissue
are identified from large libraries of either natural
product or synthetic (or semi-synthetic) extracts or
chemical libraries according to methods known in the
art. Those skilled in the field of drug discovery and
development will understand that the precise source of
test extracts or compounds is not critical to
thescreening procedure(s) of the invention.
Accordingly, virtually any number of chemical extracts
or compounds can be screened using the methods
described herein. Examples of such extracts or
compounds include, but are not limited to, plant-,
fungal-, prokaryotic- or animalbased extracts,
fermentation broths, and synthetic compounds, as well
as modification of existing compounds. Numerous
methods are also available for generating random or
directed synthesis (e.g., semi-synthesis or total
synthesis) of any number of chemical compounds,
including, but not limited to, saccharide-, lipid-,
peptide-, and nucleic acid-based compounds. Synthetic
compound libraries are commercially available from
Brandon Associates (Merrimack, N.H.) and Aldrich
Chemical (Milwaukee, Wis.). Alternatively, libraries
of natural compounds in the form of bacterial, fungal,
plant, and animal extracts are commercially available
from a number of sources, including Biotics (Sussex,
UK), Xenova (Slough, UK), Harbor Branch Oceangraphics
Institute (Ft. Pierce, FIa.), and PharmaMar, U.S.A.
(Cambridge, Mass.). In addition, natural and
synthetically produced libraries are produced, if
desired, according to methods known in the art, e.g.,
by standard extraction and fractionation methods.
Furthermore, if desired, any library or compound is
readily modified using standard chemical, physical, or
biochemical methods. In addition, those skilled in the
art of drug discovery and development readily
understand that methods for dereplication (e.g.,
taxonomic dereplication, biological dereplication, and
chemical dereplication, or any combination thereof) or
the elimination of replicates or repeats of materials
already known for their activity in recruiting stem
cells or inducing heat shock should be employed
whenever possible. When a crude extract is found to
recruit stem cells or induce heat shock further
fractionation of the positive lead extract is
necessary to isolate chemical constituents 



responsible for the observed effect. Thus, the goal of
the extraction, fractionation, and purification
process is the careful characterization and
identification of a chemical entity within the crude
extract that induce heat shock or stem cell
recruitment. Methods of fractionation and purification
of such heterogenous extracts are known in the art. If
desired, compounds shown to be useful agents for the
treatment of any pathology related to an ocular
disease requiring the repair or regeneration of an
ocular tissue are chemically modified according to
methods known in the art. Pharmaceutical Compositions
The present invention features pharmaceutical
preparations comprising agents capable of inducing or
replicate heat shock (e.g., by increasing the
expression or activity of Hsp70 orHsp90) in an ocular
tissue together with pharmaceutically acceptable
carriers. Such preparations comprising polypeptide,
polynucleotide, or small compounds have both
therapeutic and prophylactic applications. Agents
useful in the methods described herein include those
that increase the expression or biological activity of
an Hsp90 polypeptide, or HSP70, or that otherwise
induce a heat shock response in an ocular tissue
thereby recruiting a stem cell to the tissue. If
desired, the compositions of the invention are
formulated together with agents that increase the
number of hematopoietic stem cells present in the
circulation of a subject, for example, by mobilizing
hematopoietic stem cells present in the bone marrow of
the subject. Agents that increase the mobilization or
recruitment of stem cells include, but are not limited
to, antiblastic drugs and G-CSF or GM-CSF,
interleukin-1 (IL-I), interleukin-3 (IL- 3),
interleukin-6 (IL-6), interleukin-7 (IL-7),
interleukin-8 (IL-8), interleukin-11 (IL-Il),
interleukin-12 (IL-12), andNIP-l a, stem cell factor
(SCF), fims-like tyrosine kinase-3 (flt-3),
transforming growth factor-b(TGF-b.), an early acting
hematopoietic factor, described, for example in WO
91/05795, and thrombopoietin (Tpo), FLK-2 ligand,
FLT-2 ligand, Epo, Oncostatin M, and MCSF. If desired,
compositions of the invention may be formulated
together with compounds that enhance the
transdifferentiation of a hematopoietic stem cell to
an retinal pigment epithelial cell. Such compounds
include trans-retinoic acid, 11-cis-retinal or
9-cis-retinal. Compounds of the invention may be
administered as part of a pharmaceutical composition.
The compositions should be sterile and contain a
therapeutically effective amount of the agents of the
invention in a unit of weight or volume suitable for
administration to a subject. The compositions and
combinations of the invention can be part of a
pharmaceutical pack, where each of the compounds is
present in individual dosage amounts. Pharmaceutical
compositions of the invention to be used for
prophylactic or therapeutic administration should be
sterile. Sterility is readily accomplished by
filtration through sterile filtration membranes (e.g.,
0.2 mm membranes), by gamma irradiation, or any other
suitable means known to those skilled in the art.
Therapeutic polypeptide compositions 



generally are placed into a container having a sterile
access port, for example, an intravenous solution bag
or vial having a stopper pierceable by a hypodermic
injection needle. These compositions ordinarily will
be stored in unit or multi-dose containers, for
example, sealed ampoules or vials, as an aqueous
solution or as a lyophilized formulation for
reconstitution.The compounds may be combined,
optionally, with a pharmaceutically acceptable
excipient. The term "pharmaceutically-acceptable
excipient" as used herein means one or more compatible
solid or liquid filler, diluents or encapsulating
substances that are suitable for administration into a
human. The excipient preferably contains minor amounts
of additives such as substances that enhance
isotonicity and chemical stability. Such materials are
non-toxic to recipients at the dosages and
concentrations employed, and include buffers such as
phosphate, citrate, succinate, acetate, lactate,
tartrate, and other organic acids or their salts;
tris- hydroxymethylaminomethane (TRIS), bicarbonate,
carbonate, and other organic bases and their salts;
antioxidants, such as ascorbic acid; low molecular
weight (for example, less than about ten residues)
polypeptides, e.g., polyarginine, polylysine,
polyglutamate and polyaspartate; proteins, such as
serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers, such as polyvinylpyrrolidone
(PVP), polypropylene glycols (PPGs), and polyethylene
glycols (PEGs); amino acids, such as glycine, glutamic
acid, aspartic acid, histidine, lysine, or arginine;
monosaccharides, disaccharides, and other
carbohydrates including cellulose or its derivatives,
glucose, mannose, sucrose, dextrins or sulfated
carbohydrate derivatives, such as heparin, chondroitin
sulfate or dextran sulfate; polyvalent metal ions,
such as divalent metal ions including calcium ions,
magnesium ions and manganese ions; chelating agents,
such as ethylenediamine tetraacetic acid (EDTA); sugar
alcohols, such as mannitol or sorbitol; counterions,
such as sodium or ammonium; and/or nonionic
surfactants, such as polysorbates or poloxamers. Other
additives may be also included, such as stabilizers,
anti-microbials, inert gases, fluid and nutrient
replenishers (i.e., Ringer's dextrose), electrolyte
replenishers, and the like, which can be present in
conventional amounts. The compositions, as described
above, can be administered in effective amounts. The
effective amount will depend upon the mode of
administration, the particular condition being treated
and the desired outcome. It may also depend upon the
stage of the condition, the age and physical condition
of the subject, the nature of concurrent therapy, if
any, and like factors well known to the medical
practitioner. For therapeutic applications, it is that
amount sufficient to achieve a medically desirable
result. With respect to a subject having an ocular
disease or disorder, an effective amount is sufficient
to induce heat shock in at least one cell of an ocular
tissue; sufficient to attract at least one stem cell
to the tissue; or sufficient to stabilize, slow, or
reduce a symptom associated with an ocular pathology.
Generally, doses of the compounds of the present
invention would be from about 0.01 mg/kg per day to
about 1000 mg/kg per day. It isexpected that doses
ranging from about 50 to about 2000 mg/kg will be
suitable. Lower doses will result from certain forms
of administration, such as intravenous administration.
In 



the event that a response in a subject is insufficient
at the initial doses applied, higher doses (or
effectively higher doses by a different, more
localized delivery route) may be employed to the
extent that patient tolerance permits. Multiple doses
per day are contemplated to achieve appropriate
systemic levels of a composition of the present
invention. A variety of administration routes are
available. The methods of the invention, generally
speaking, may be practiced using any mode of
administration that is medically acceptable, meaning
any mode that produces effective levels of the active
compounds without causing clinically unacceptable
adverse effects. In one preferred embodiment, a
composition of the invention is administered
intraocularly. Other modes of administration include
oral, rectal, topical, intraocular, buccal,
intravaginal, intracisternal, intracerebroventricular,
intratracheal, nasal, transdermal, within/on implants,
or parenteral routes. The term "parenteral" includes
subcutaneous, intrathecal, intravenous, intramuscular,
intraperitoneal, or infusion. Compositions comprising
a composition of the invention can be added to a
physiological fluid, such as to the intravitreal
humor. Oral administration can be preferred for
prophylactic treatment because of the convenience to
the patient as well as the dosing schedule.
Pharmaceutical compositions of the invention can
optionally further contain one or more additional
proteins as desired. Suitable proteins or biological
material may be obtained from human or mammalian
plasma by any of the purification methods known and
available to those skilled in the art; from
supernatants, extracts, or lysates of recombinant
tissue culture, viruses, yeast, bacteria, or the like
that contain a gene that expresses a human or
mammalian protein which has been introduced according
to standard recombinant DNA techniques; or from the
human biological fluids (e.g., blood, milk, lymph,
urine or the like) or from transgenic animals that
contain a gene that expresses a human protein which
has been introduced according to standard transgenic
techniques. Pharmaceutical compositions of the
invention can comprise one or more pH buffering
compounds to maintain the pH of the formulation at a
predetermined level that reflects physiological pH,
such as in the range of about 5.0 to about 8.0. The pH
buffering compound used in the aqueous liquid
formulation can be an amino acid or mixture of amino
acids, such as histidine or a mixture of amino acids
such as histidine and glycine. Alternatively, the pH
buffering compound is preferably an agent which
maintains the pH of the formulation at a predetermined
level, such as in the range of about 5.0 to about 8.0,
and which does notchelate calcium ions. Illustrative
examples of such pH buffering compounds include, but
are not limited to, imidazole and acetate ions. The pH
buffering compound may be present in any amount
suitable to maintain the pH of the formulation at a
predetermined level. Pharmaceutical compositions of
the invention can also contain one or more osmotic
modulating agents, i.e., a compound that modulates the
osmotic properties (e.g., tonicity, osmolality and/or
osmotic pressure) of the formulation to a level that
is acceptable to the blood stream and blood cells of
recipient individuals. The osmotic modulating agent
can be 



an agent that does not chelate calcium ions. The
osmotic modulating agent can be any compound known or
available to those skilled in the art that modulates
the osmotic properties of the formulation. One skilled
in the art may empirically determine the suitability
of a given osmotic modulating agent for use in the
inventive formulation. Illustrative examples of
suitable types of osmotic modulating agents include,
but are not limited to: salts, such as sodium chloride
and sodium acetate; sugars, such as sucrose, dextrose,
and mannitol; amino acids, such as glycine; and
mixtures of one or more of these agents and/or types
of agents. The osmotic modulating agent(s) may be
present in any concentration sufficient to modulate
the osmotic properties of the formulation.
Compositions comprising a compound of the present
invention can contain multivalent metal ions, such as
calcium ions, magnesium ions and/or manganese ions.
Any multivalent metal ion that helps stabilizes the
composition and that will not adversely affect
recipient individuals may be used. The skilled
artisan, based on these two criteria, can determine
suitable metal ions empirically and suitable sources
of such metal ions are known, and include inorganic
and organic salts. Pharmaceutical compositions of the
invention can also be a non-aqueous liquid
formulation. Any suitable non-aqueous liquid may be
employed, provided that it provides stability to the
active agents (s) contained therein. Preferably, the
non-aqueous liquid is a hydrophilic liquid.
Illustrative examples of suitable non-aqueous liquids
include: glycerol; dimethyl sulfoxide (DMSO);
polydimethylsiloxane (PMS); ethylene glycols, such as
ethylene glycol, diethylene glycol, Methylene glycol,
polyethylene glycol ("PEG") 200, PEG 300, and PEG 400;
and propylene glycols, such as dipropylene glycol,
tripropylene glycol, polypropylene glycol ("PPG") 425,
PPG 725, PPG 1000, PPG 2000, PPG 3000 and PPG 4000.
Pharmaceutical compositions of the invention can also
be a mixed aqueous/nonaqueous liquid formulation. Any
suitable non-aqueous liquid formulation, such as those
described above, can be employed along with any
aqueous liquid formulation, such as thosedescribed
above, provided that the mixed aqueous/non-aqueous
liquid formulation provides stability to the compound
contained therein. Preferably, the non- aqueous liquid
in such a formulation is a hydrophilic liquid.
Illustrative examples of suitable non-aqueous liquids
include: glycerol; DMSO; PMS; ethylene glycols, such
as PEG 200, PEG 300, and PEG 400; and propylene
glycols, such as PPG 425, PPG 725, PPG 1000, PPG 2000,
PPG 3000 and PPG 4000. Suitable stable formulations
can permit storage of the active agents in a frozen or
an unfrozen liquid state. Stable liquid formulations
can be stored at a temperature of at least - 700C, but
can also be stored at higher temperatures of at least
00C, or between about 0.1 0C and about 42C, depending
on the properties of the composition. It is generally
known to the skilled artisan that proteins and
polypeptides are sensitive to changes in pH,
temperature, and a multiplicity of other factors that
may affect therapeutic efficacy. 



Other delivery systems can include time-release,
delayed release or sustained release delivery systems.
Such systems can avoid repeated administrations of
compositions of the invention, increasing convenience
to the subject and the physician. Many types of
release delivery systems are available and known to
those of ordinary skill in the art. They include
polymer base systems such as polylactides (U.S. Pat.
No. 3,773,919; European Patent No. 58,481),
poly(lactide-glycolide), copolyoxalates,
polycaprolactones, polyesteramides, polyorthoesters,
polyhydroxybutyric acids, such as
poly-D-(-)-3-hydroxybutyric acid (European Patent No.
133, 988), copolymers of L-glutamic acid and
gamma-ethy.l-Lglutamate (Sidman, K.R. et al.,
Biopolymers 22: 547-556), poly (2-hydroxyethyl
methacrylate) or ethylene vinyl acetate (Langer, R. et
al., J. Biomed. Mater. Res. 15:267-277; Langer, R.
Chem. Tech. 12:98-105), and polyanhydrides. Other
examples of sustained-release compositions include
semi-permeable polymer matrices in the form of shaped
articles, e.g., films, or microcapsules. Delivery
systems also include non-polymer systems that are:
lipids including sterols such as cholesterol,
cholesterol esters and fatty acids or neutral fats
such as mono- di- and tri-glycerides; hydrogel release
systems such as biologically-derived bioresorbable
hydrogel (i.e., chitin hydrogels or chitosan
hydrogels); sylastic systems; peptide based systems;
wax coatings; compressed tablets using conventional
binders and excipients; partially fused implants; and
the like. Specific examples include, but are not
limited to: (a) erosional systems in which the agent
is contained in a form within a matrix such as those
described in U.S. Patent Nos. 4,452,775, 4,667,014,
4,748,034 and 5,239,660 and (b) diffusional systems in
which an activecomponent permeates at a controlled
rate from a polymer such as described in U.S. Patent
Nos. 3,832,253, and 3,854,480. Another type of
delivery system that can be used with the methods and
compositions of the invention is a colloidal
dispersion system. Colloidal dispersion systems
include lipidbased systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes.
Liposomes are artificial membrane vessels, which are
useful as a delivery vector in vivo or in vitro. Large
unilamellar vessels (LUV), which range in size from
0.2 - 4.0 mm, can encapsulate large macromolecules
within the aqueous interior and be delivered to cells
in a biologically active form (Fraley, R., and
Papahadjopoulos, D., Trends Biochem. Sci. 6: 77- 80).
Liposomes can be targeted to a particular tissue by
coupling the liposome to a specific ligand such as a
monoclonal antibody, sugar, glycolipid, or protein.
Liposomes are commercially available from Gibco BRL,
for example, as LIPOFECTIN(tm) and LIPOFECTACE(tm),
which are formed of cationic lipids such as N-[I -(2,
3 dioleyloxy)- propyl] -N, N, N-trimethylammonium
chloride (DOTMA) and dimethyl dioctadecylammonium
bromide (DDAB). Methods for making liposomes are well
known in the art and have been described in many
publications, for example, in DE 3,218,121; Epstein et
al., Proc. Natl. Acad. Sci. (USA) 82:3688-3692 (1985);
Hwang et al., Proc. Natl. Acad. 



Sci. (USA) 77:4030-4034 (1980); EP 52,322; EP 36,676;
EP 88, 046; EP 143,949; EP 142,641 ; Japanese Pat.
Appl. 83-1 18008; U.S. Pat. Nos. 4,485,045 and
4,544,545; and EP 102,324. Liposomes also have been
reviewed by Gregoriadis, G., Trends Biotechnol., 3:
235-241). Another type of vehicle is a biocompatible
microparticle or implant that is suitable for
implantation into the mammalian recipient. Exemplary
bioerodible implants that are useful in accordance
with this method are described in PCT International
application no. PCT/US/03307 (Publication No. WO
95/24929, entitled "Polymeric Gene Delivery System").
PCT/US/0307 describes.biocompatible, preferably
biodegradable polymeric matrices for containing an
exogenous gene under the control of an appropriate
promoter. The polymeric matrices can be used to
achieve sustained release of the exogenous gene or
gene product in the subject. The polymeric matrix
preferably is in the form of a microparticle such as a
microsphere (wherein an agent is dispersed throughout
a solid polymeric matrix) or a microcapsule (wherein
an agent is stored in the core of a polymeric shell).
Microcapsules of the foregoing polymers containing
drugs are described in, for example, U.S.
Patent5,075,109. Other forms of the polymeric matrix
for containing an agent include films, coatings, gels,
implants, and stents. The size and composition of the
polymeric matrix device is selected to result in
favorable release kinetics in the tissue into which
the matrix is introduced. The size of the polymeric
matrix further is selected according to the method of
delivery that is to be used. Preferably, when an
aerosol route is used the polymeric matrix and
composition are encompassed in a surfactant vehicle.
The polymeric matrix composition can be selected to
have both favorable degradation rates and also to be
formed of a material, which is a bioadhesive, to
further increase the effectiveness of transfer. The
matrix composition also can be selected not to
degrade, but rather to release by diffusion over an
extended period of time. The delivery system can also
be a biocompatible microsphere that is suitable for
local, site-specific delivery. Such microspheres are
disclosed in Chickering, D.E., et al., Biotechnol.
Bioeng., 52: 96-101; Mathiowitz, E., et al., Nature
386: 410-414. Both non-biodegradable and biodegradable
polymeric matrices can be used to deliver the
compositions of the invention to the subject. Such
polymers may be natural or synthetic polymers. The
polymer is selected based on the period of time over
which release is desired, generally in the order of a
few hours to a year or longer. Typically, release over
a period ranging from between a few hours and three to
twelve months is most desirable. The polymer
optionally is in the form of a hydrogel that can
absorb up to about 90% of its weight in water and
further, optionally is cross-linked with multivalent
ions or other polymers. Exemplary synthetic polymers
which can be used to form the biodegradable delivery
system include: polyamides, polycarbonates,
polyalkylenes, polyalkylene glycols, polyalkylene
oxides, polyalkylene terepthalates, polyvinyl
alcohols, polyvinyl ethers, polyvinyl esters,
poly-vinyl halides, polyvinylpyrrolidone,
polyglycolides, polysiloxanes, 



polyurethanes and co-polymers thereof, alkyl
cellulose, hydroxyalkyl celluloses, cellulose ethers,
cellulose esters, nitro celluloses, polymers of
acrylic and methacrylic esters, methyl cellulose,
ethyl cellulose, hydroxypropyl cellulose,
hydroxy-propyl methyl cellulose, hydroxybutyl methyl
cellulose, cellulose acetate, cellulose propionate,
cellulose acetate butyrate, cellulose acetate
phthalate, carboxylethyl cellulose, cellulose
triacetate, cellulose sulphate sodium salt,
poly(methyl methacrylate), poly(ethyl methacrylate),
poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate),
poly(lauryl methacrylate), poly(phenyl methacrylate),
poly(methyl acrylate), poly(isopropyl acrylate),
poly(isobutyl acrylate), poly(octadecyl acrylate),
polyethylene, polypropylene, poly(ethylene glycol),
poly(ethylene oxide), poly(ethylene terephthalate),
polyvinyl alcohols), polyvinyl acetate, poly vinyl
chloride, polystyrene,polyvinylpyrrolidone, and
polymers of lactic acid and glycolic acid,
polyanhydrides, poly(ortho)esters, poly(butic acid),
poly(valeric acid), and poly(lactide-cocaprolactone),
and natural polymers such as alginate and other
polysaccharides including dextran and cellulose,
collagen, chemical derivatives thereof (substitutions,
additions of chemical groups, for example, alkyl,
alkylene, hydroxylations, oxidations, and other
modifications routinely made by those skilled in the
art), albumin and other hydrophilic proteins, zein and
other prolamines and hydrophobic proteins, copolymers
and mixtures thereof. In general, these materials
degrade either by enzymatic hydrolysis or exposure to
water in vivo, by surface or bulk erosion. Methods of
Ocular Delivery Compositions of the invention are
typically delivered to the eye for treatment of an
ocular disease (e.g., diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy, cystoid macular edema, retinal detachment,
photic damage, ischemic retinopathies,
inflammationinduced retinal degenerative disease,
X-linked juvenile retinoschisis, glaucoma, Malattia
Leventinese (ML) and Doyne honeycomb retinal
dystrophy). In one embodiment, a composition of the
invention is administered through an ocular device
suitable for direct implantation into the vitreous of
the eye. The compositions of the invention may be
provided in sustained release compositions, such as
those described in, for example, U.S. Pat. Nos.
5,672,659 and 5,595,760. Such devices are found to
provide sustained controlled release of various
compositions to treat the eye without risk of
detrimental local and systemic side effects. An object
of the present ocular method of delivery is to
maximize the amount of drug contained in an
intraocular device or implant while minimizing its
size in order to prolong the duration of the implant.
See, e.g., U.S. Patents 5,378,475; 6,375,972, and
6,756,058 and U.S. Publications 20050096290 and
200501269448. Such implants may be biodegradable
and/or biocompatible implants, or may be
non-biodegradable implants. Biodegradable ocular
implants are described, for example, in U.S. Patent
Publication No. 



20050048099. The implants may be permeable or
impermeable to the active agent, and may be inserted
into a chamber of the eye, such as the anterior or
posterior chambers or may be implanted in the schlera,
transchoroidal space, or an avascularized region
exterior to the vitreous. Alternatively, a contact
lens that acts as a depot for compositions of the
invention may also be used for drug delivery.In a
preferred embodiment, the implant may be positioned
over an avascular region, such as on the sclera, so as
to allow for transcleral diffusion of the drug to the
desired site of treatment, e.g. the intraocular space
and macula of the eye. Minimally invasive transscleral
delivery can be used to deliver an effective amount of
the active compounds to retina with negligible
systemic absorption. Transscleral delivery utilizes
the sclera's large and accessible surface area, high
degree of hydration which renders it conductive to
water-soluble substances, hypocellularity with an
attendant paucity of proteolytic enzymes and
proteinbinding site, and permeability that does not
appreciably decline with age. An osmotic pump loaded
with active compounds can be implanted in a subject so
that the active compounds are transsclerally delivered
to retina in a slow-release mode. (Ambati, et al.,
Invest. Ophthalmol. Vis. Sd. , 4 1: 1186-91 (2000))
Furthermore, the site of transcleral diffusion is
preferably in proximity to the macula. Examples of
implants for delivery of an a composition include, but
are not limited to, the devices described in U.S. Pat.
Nos. 3,416,530; 3,828,777; 4,014,335; 4,300,557;
4,327,725; 4,853,224; 4,946,450; 4,997,652; 5,147,647;
5,164,188; 5,178,635; 5,300,114; 5,322,691; 5,403,901;
5,443,505; 5,466,466; 5,476,511; 5,516,522; 5,632,984;
5,679,666; 5,710,165; 5,725,493; 5,743,274; 5,766,242;
5,766,619; 5,770,592; 5,773,019; 5,824,072; 5,824,073;
5,830,173; 5,836,935; 5,869,079, 5,902,598; 5,904,144;
5,916,584; 6,001,386; 6,074,661; 6,110,485; 6,126,687;
6,146,366; 6,251,090; and 6,299,895, and in WO
01/30323 andWO 01/28474, all of which are incorporated
herein by reference. Examples include, but are not
limited to the following: a sustained release drug
delivery system comprising an inner reservoir
comprising an effective amount of an agent effective
in obtaining a desired local or systemic physiological
or pharmacological effect, an inner tube impermeable
to the passage of the agent, the inner tube having
first and second ends and covering at least a portion
of the inner reservoir, the inner tube sized and
formed of a material so that the inner tube is capable
of supporting its own weight, an impermeable member
positioned at the inner tube first end, the
impermeable member preventing passage of the agent out
of the reservoir through the inner tube first end, and
a permeable member positioned at the inner tube second
end, the permeable member allowing diffusion of the
agent out of the reservoir through the inner tube
second end; a method for administering a compound of
the invention to a segment of an eye, the method
comprising the step of implanting a sustained release
device to deliver the compound of the invention to the
vitreous of the eye or an implantable, sustained
release device for administering a compound of the
invention to a segment of an eye; a sustained release
drug delivery device comprising: a) a drug core
comprising a therapeutically effective amount of at
least one first agent effective inobtaining a
diagnostic effect or effective in obtaining a desired
local or systemic 



physiological or pharmacological effect; b) at least
one unitary cup essentially impermeable to the passage
of the agent that surrounds and defines an internal
compartment to accept the drug core, the unitary cup
comprising an open top end with at least one recessed
groove around at least some portion of the open top
end of the unitary cup; c) a permeable plug which is
permeable to the passage of the agent, the permeable
plug is positioned at the open top end of the unitary
cup wherein the groove interacts with the permeable
plug holding it in position and closing the open top
end, the permeable plug allowing passage of the agent
out of the drug core, through the permeable plug, and
out the open top end of the unitary cup; and d) at
least one second agent effective in obtaining a
diagnostic effect or effective in obtaining a desired
local or systemic physiological or pharmacological
effect; or a sustained release drug delivery device
comprising: an inner core comprising an effective
amount of an agent having a desired solubility and a
polymer coating layer, the polymer layer being
permeable to the agent, wherein the polymer coating
layer completely covers the inner core. Other
approaches for ocular delivery include the use of
liposomes to target a compound of the present
invention to the eye, and preferably to retinal
pigment epithelial cells, choroid cell, and/or Bruch's
membrane. For example, the compound may be complexed
with liposomes in the manner described above, and this
compound/liposome complex injected into patients with
an ocular disease, using intravenous injection to
direct the compound to the desired ocular tissue or
cell. Directly injecting the liposome complex into the
proximity of the retinal pigment epithelial cells or
Bruch's membrane can also provide for targeting of the
complex. In a specific embodiment, the compound is
administered via intra ocular sustained delivery (such
as VITRASERT or ENVISION). In a specific embodiment,
the compound is delivered by posterior subtenons
injection. In another specific embodiment,
microemulsion particles containing the compositions of
the invention are delivered to ocular tissue to take
up lipid from Bruch's membrane, retinal pigment
epithelial cells, or both. Nanoparticles are a
colloidal carrier system that has been shown to
improve the efficacy of the encapsulated drug by
prolonging the serum half-life.
Polyalkylcyanoacrylates (PACAs) nanoparticles are a
polymer colloidal drug delivery system that is in
clinical development, as described by Stella et al.,
J. Pharm. Sd., 2000. 89: p. 1452-1464; Brigger et al.,
Int. J. Pharm., 2001. 214: p. 37-42; Calvo et al.,
Pharm. Res., 2001. 18: p. 1157-1 166; and Li et al.,
Biol. Pharm. Bull., 2001. 24: p. 662-665.
Biodegradable poly (hydroxyl acids), such as the
copolymers of poly (lactic acid) (PLA) and poly
(lactic-co-glycolide) (PLGA) are being extensively
used in biomedical applications and have received FDA
approval forcertain clinical applications. In
addition, PEG-PLGA nanoparticles have many desirable
carrier features including (i) that the agent to be
encapsulated comprises a reasonably high weight
fraction (loading) of the total carrier system; (ii)
that the amount of agent used in the first step of the
encapsulation process is incorporated into the final
carrier (entrapment efficiency) at a reasonably high
level; (iii) that the carrier have the ability to be
freeze-dried and reconstituted in solution without
aggregation; (iv) that the carrier be biodegradable;
(v) 



that the carrier system be of small size; and (vi)
that the carrier enhance the particles persistence.
Nanoparticles are synthesized using virtually any
biodegradable shell known in the art. In one
embodiment, a polymer, such as poly (lactic-acid)
(PLA) or poly (lactic-coglycolic acid) (PLGA) is used.
Such polymers are biocompatible and biodegradable, and
are subject to modifications that desirably increase
the photochemical efficacy and circulation lifetime of
the nanoparticle. In one embodiment, the polymer is
modified with a terminal carboxylic acid group (COOH)
that increases the negative charge of the particle and
thus limits the interaction with negatively charge
nucleic acid aptamers. Nanoparticles are also modified
with polyethylene glycol (PEG), which also increases
the half-life and stability of the particles in
circulation. Alternatively, the COOH group is
converted to an Nhydroxysuccinimide (NHS) ester for
covalent conjugation to amine-modified aptamers.
Biocompatible polymers useful in the composition and
methods of the invention include, but are not limited
to, polyamides, polycarbonates, polyalkylenes,
polyalkylene glycols, polyalkylene oxides,
polyalkylene terepthalates, polyvinyl alcohols,
polyvinyl ethers, polyvinyl esters, polyvinyl halides,
polyvinylpyrrolidone, polyglycolides, polysiloxanes,
polyurethanes and copolymers thereof, alkyl cellulose,
hydroxyalkyl celluloses, cellulose ethers, cellulose
esters, nitro celluloses, polymers of acrylic and
methacrylic esters, methyl cellulose, ethyl cellulose,
hydroxypropyl cellulose, hydroxy-propyl methyl
cellulose, hydroxybutyl methyl cellulose, cellulose
acetate, cellulose propionate, cellulose acetate
butyrate, cellulose acetage phthalate, carboxylethyl
cellulose, cellulose triacetate, cellulose sulphate
sodium salt, poly(methyl methacrylate),
poly(ethylmethacrylate), poly(butylmethacrylate),
poly(isobutylmethacryla- te), poly(hexlmethacrylate),
poly(isodecylmethacrylate), poly(lauryl methacrylate),
poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate),
poly(octadecyl acrylate), polyethylene, polypropylene
poly(ethylene glycol), poly(ethylene oxide),
poly(ethylene terephthalate), poly(vinyl alcohols),
poly(vinyl acetate, poly vinyl chloride polystyrene,
polyvinylpryrrolidone, polyhyaluronic acids, casein,
gelatin, glutin,polyanhydrides, polyacrylic acid,
alginate, chitosan, poly(methyl methacrylates),
poly(ethyl methacrylates), poly(butylmethacrylate),
poly(isobutylmethacrylate), poly(hexlmethacrylate),
poly(isodecl methacrylate), poly(lauryl methacrylate),
poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate),
poly(octadecl acrylate) and combinations of any of
these. In one embodiment, the nanoparticles of the
invention include PEG-PLGA polymers. Compositions of
the invention may also be delivered topically. For
topical delivery, the compositions are provided in any
pharmaceutically acceptable excipient that is approved
for ocular delivery. Preferably, the composition is
delivered in drop form to the surface of the eye. For
some application, the delivery of the composition
relies on the diffusion of the compounds through the
cornea to the interior of the eye. 



Those of skill in the art will recognize that the best
treatment regimens for using compounds of the present
invention to treat an ocular disease can be
straightforwardly determined. This is not a question
of experimentation, but rather one of optimization,
which is routinely conducted in the medical arts. In
vivo studies in nude mice often provide a starting
point from which to begin to optimize the dosage and
delivery regimes. The frequency of injection will
initially be once a week, as has been done in some
mice studies. However, this frequency might be
optimally adjusted from one day to every two weeks to
monthly, depending upon the results obtained from the
initial clinical trials and the needs of a particular
patient. Human dosage amounts can initially be
determined by extrapolating from the amount of
compound used in mice, as a skilled artisan recognizes
it is routine in the art to modify the dosage for
humans compared to animal models. In certain
embodiments it is envisioned that the dosage may vary
from between about 1mg compound/Kg body weight to
about 5000 mg compound/Kg body weight; or from about 5
mg/Kg body weight to about 4000 mg/Kg body weight or
from about 10 mg/Kg body weight to about 3000 mg/Kg
body weight; or from about 50 mg/Kg body weight to
about 2000 mg/Kg body weight; or from about 100 mg/Kg
body weight to about 1000 mg/Kg body weight; or from
about 150 mg/Kg body weight to about 500 mg/Kg body
weight. In other embodiments this dose may be about 1,
5, 10, 25, 50, 75, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400,
1450, 1500, 1600, 1700, 1800, 1900, 2000, 2500, 3000,
3500, 4000, 4500, 5000 mg/Kg body weight. In other
embodiments, it is envisaged that higher does may be
used, such doses may be in the range of about 5 mg
compound/Kg body to about 20 mg compound/Kg body. In
other embodiments the dosesmaybe about 8, 10, 12, 14,
16 or 18 mg/Kg body weight. Of course, this dosage
amount may be adjusted upward or downward, as is
routinely done in such treatment protocols, depending
on the results of the initial clinical trials and the
needs of a particular patient. Combination Therapies
Compositions and methods of the invention may be
administered in combination with any standard therapy
known in the art. If desired, an agent that induces
heat shock in an ocular tissue or a subthreshold laser
regimen (described herein) is administered together
with an agent that promotes the recruitment, survival,
proliferation or transdifferentiation of a stem cell
(e.g., a hematopoietic stem cell). Such agents include
collagens, fibronectins, laminins, integrins,
angiogenic factors, anti-inflammatory factors,
glycosaminoglycans, vitrogen, antibodies and fragments
thereof, functional equivalents of these agents, and
combinations thereof. In other embodiments, an agent
that induces heat shock in an ocular tissue or a
subthreshold laser regimen (described herein) of the
invention is administered in combination with an
anti-inflammatory compound that is conventionally
administered for the treatment of an ocular disease.
Such anti-inflammatory compounds include, but are not
limited to, any 



one or more of steroidal and non-steroidal compounds
and examples include: Alclofenac; Alclometasone
Dipropionate; Algestone Acetonide; Alpha Amylase;
Amcinafal; Amcinafde; Amfenac Sodium; Amiprilose
Hydrochloride; Anakinra; Anirolac; Anitrazafen;
Apazone; Balsalazide Disodium; Bendazac; Benoxaprofen;
Benzydamine Hydrochloride; Bromelains; Broperamole;
Budesonide; Carprofen; Cicloprofen; Cintazone;
Cliprofen; Clobetasol Propionate; Clobetasone
Butyrate; Clopirac; Cloticasone Propionate;
Cormethasone Acetate; Cortodoxone; Deflazacort;
Desonide; Desoximetasone; Dexamethasone Dipropionate;
Diclofenac Potassium; Diclofenac Sodium; Diflorasone
Diacetate; Diflumidone Sodium; Difhmisal;
Difluprednate; Diftalone; Dimethyl Sulfoxide;
Drocinonide; Endrysone; Enlimomab; Enolicam Sodium;
Epirizole; Etodolac; Etofenamate; Felbinac; Fenamole;
Fenbufen; Fenclofenac; Fenclorac; Fendosal;
Fenpipalone; Fentiazac; Flazalone; Fluazacort;
Flufenamic Acid; Flumizole; Flunisolide Acetate;
Flunixin; Flunixin Meglumine; Fluocortin Butyl;
Fluorometholone Acetate; Fluquazone; Flurbiprofen;
Fluretofen; Fluticasone Propionate; Furaprofen;
Furobufen; Halcinonide; Halobetasol Propionate;
Halopredone Acetate; Ibufenac; Ibuprofen; Ibuprofen
Aluminum; Ibuprofen Piconol; onidap; Indomethacin;
Indomethacin Sodium; mdoprofen; Indoxole; Intrazole;
Isoflupredone Acetate; Isoxepac; Isoxicam; Ketoprofen;
Lofemizole Hydrochloride; Lornoxicam;Loteprednol
Etabonate; Meclofenamate Sodium; Meclofenamic Acid;
Meclorisone Dibutyrate; Mefenamic Acid; Mesalamine;
Meseclazone; Methylprednisolone Suleptanate;
Morniflumate; Nabumetone; Naproxen; Naproxen Sodium;
Naproxol; Nimazone; Olsalazine Sodium; Orgotein;
Orpanoxin; Oxaprozin; Oxyphenbutazone; Paranyline
Hydrochloride; Pentosan Polysulfate Sodium;
Phenbutazone Sodium Glycerate; Pirfenidone; Piroxicam;
Piroxicam Cinnamate; Piroxicam (Diamine; Pirprofen;
Prednazate; Prifelone; Prodolic Acid; Proquazone;
Proxazole; Proxazole Citrate; Rimexolone; Romazarit;
Salcolex; Salnacedin; Salsalate; Sanguinarium
Chloride; Seclazone; Sermetacin; Sudoxicam; Sulindac;
Suprofen; Talmetacin; Talniflumate; Talosalate;
Tebufelone; Tenidap; Tenidap Sodium; Tenoxicam;
Tesicam; Tesimide; Tetrydamine; Tiopinac; Tixocortol
Pivalate; Tolmetin; Tolmetin Sodium; Triclonide;
Triflumidate; Zidometacin; or Zomepirac Sodium. In
still other embodiments, an agent that induces heat
shock in an ocular tissue or a subthreshold laser
regimen of the invention is administered in
combination with an agent that increases or decreases
angiogenesis in an ocular tissue. Such agents are
capable of modulating the expression or activity of an
angiogenic factor, such as platelet derived growth
factor (PDGF), vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF), bFGF-2,
leptins, plasminogen activators (tPA, uPA),
angiopoietins, lipoprotein A, transforming growth
factor-b, bradykinin, angiogenic oligosaccharides
(e.g., hyaluronan, heparan sulphate), thrombospondin,
hepatocyte growth factor (also known as scatter
factor) and members of the CXC chemokine receptor
family. In other embodiments, agents and methods are
administered together with chemotherapeutic agents
that enhance bone marrow-derived stem cell
mobilization, including 



Cytoxan, cyclophosphamide, VP-1 6, and cytokines such
as GM-CSF, G-CSF or combinations thereof. Combinations
of the invention may be administered concurrently or
within a few hours, days, or weeks of one another. In
one approach, an agent that induces heat shock in an
ocular tissue or a subthreshold laser regimen
(described herein) is administered prior to,
concurrently with, or following administration of a
conventional therapeutic described herein. In some
embodiments, it may be desirable to mobilize a bone
marrow-derived cell prior to the induction of heat
shock, where such mobilization increases the number of
stem cells recruited to the ocular tissue. In other
embodiments, it may be preferable to administer the
agent that mobilizes a bone marrow-derived cell
concurrently with or following (e.g., within 1, 2, 3,
5 or 10 hours) of inducing heat shock.Methods for
Increasing Stem Cell Recruitment to an Ocular Tissue
As reported herein, the induction of heat shock in an
ocular tissue effectively recruits stem cells (e.g.,
hematopoietic stem cells) to that tissue, where they
ameliorate an ocular disease or disorder. If desired,
substantially purified stem cells (or their precursor
or other progenitor cells) are administered to the
patient in conjunction with an agent or treatment
regimen (e.g., sub-threshold laser treatment) that
induces heat shock in an ocular tissue to facilitate
the repair of an ocular tissue. Such methods may be
used to enhance the repair of an ocular tissue by
increasing the recruitment of stem cells to that
tissue. Methods of isolating hematopoietic stem cells
are known in the art. In one embodiment, hematopoietic
stem cells are isolated from the blood using
apheresis. Apheresis for total white cells begins when
the total white cell count is about 500-2000 cells/ml
and the platelet count is about 50,000/ml. Daily
leukapheris samples may be monitored for the presence
of CD34+ and/or Thy-1+ cells to determine the peak of
stem cell mobilization and, hence, the optimal time
for harvesting peripheral blood stem cells. Various
techniques may be employed to separate the cells by
initially removing cells of dedicated lineage
("lineagecommitted" cells), if desired. Monoclonal
antibodies are particularly useful for identifying
markers associated with particular cell lineages
and/or stages of differentiation. The antibodies may
be attached to a solid support to allow for crude
separation. The separation techniques employed should
maximize the viability of the fraction to be
collected. The use of separation techniques include
those based on differences in physical properties
(e.g., density gradient centrifugation and
counter-flow centrifugal elutriation), cell surface
properties (lectin and antibody affinity), and vital
staining properties (mitochondriabinding dye rhodamine
123 and DNA-binding dye Hoechst 33342). Other
procedures for separation that may be used include
magnetic separation, using antibody-coated magnetic
beads, affinity chromatography, cytotoxic agents
joined to a monoclonal antibody or used in conjunction
with a monoclonal antibody, including complement and
cytotoxins, and "panning" with antibody attached to a
solid matrix or any other convenient technique.
Techniques providing accurate separation include flow
cytometry (e.g., flow cytometry using 



a plurality of color channels, low angle and obtuse
light scattering detecting channels, impedance
channels). A large proportion of differentiated cells
may be removed from a sample using a relatively crude
separation, where major cell population lineages of
the hematopoietic system, such as lymphocytic and
myelomonocytic, are removed, as well as
lymphocyticpopulations, such as megakaryocyte, mast
cells, eosinophils and basophils. Usually, at least
about 70 to 90 percent of the hematopoietic cells will
be removed. Concomitantly or subsequent to a gross
separation providing for positive selection, e.g.
using the CD34 marker, a negative selection may be
carried out, where antibodies to lineage-specific
markers present on dedicated cells are employed. For
the most part, these markers include CD2", CD3 , CD7 ,
CD8 , CDlO , CDW, CD15\ CD16 , CD19 , CD20 , CD33 ,
CD38 , CD71 , HLA-DR , and glycophorin A; preferably
including at least CD2 , CD14 , CDl 5 CD16 , CD19 and
glycophorin A; and normally including at least CD14
and CD15 . As used herein, Lin refers to a cell
population lacking at least one lineage specific
marker. The purified stem cells have low side scatter
and low to medium forward scatter profiles by FACS
analysis. Cytospin preparations show the enriched stem
cells to have a size between mature lymphoid cells and
mature granulocytes. Cells may be selected based on
light-scatter properties as well as their expression
of various cell surface antigens. Preferably, cells
are initially separated by a coarse separation,
followed by a fine separation, with positive selection
of a marker associated with stem cells and negative
selection for markers associated with lineage
committed cells. Compositions highly enriched in stem
cells may be achieved in this manner. Purified or
partiall purified stem cells are then administered to
the patient. Administration may be local (e.g., by
direct administration to the vitreous humor or to a
vessel supplying an ocular tissue of interest) or may
be systemic. Polynucleotide Therapy to Induce Heat
Shock Polynucleotide therapy featuring a
polynucleotide encoding an HSP protein, variant, or
fragment thereof or a protein capable of activating
heat shock is another therapeutic approach for
treating an ocular disease. Alternatively, the
polynucleotides encode therapeutic polypeptides that
enhance stem cell recruitment, survival,
proliferation, or differentiation or otherwise
ameliorate a symptom associated with the ocular
disease (e.g., reduce inflammation, angiogenesis, or
cell death). If desired, a stem cell of the invention
is genetically modified to express a bioactive
molecule, or heterologous protein or to overexpress an
endogenous protein. The cell can carry genetic
information required for the long-term survival of the
cell, tissue, or organ or for detecting or monitoring
the cells. In one example, the cell are genetically
modified to express a bioactive molecule that promotes
angiogenesis. In another example, the cells are
genetically modified to expresses afluorescent protein
marker. Exemplary markers include GFP, EGFP, BFP, CFP,
YFP, and RFP. Such polynucleotides can be delivered to
cells of a subject having an ocular disease 



where expression of the recombinant proteins will have
a therapeutic effect. For example, nucleic acid
molecules that encode therapeutic polypeptides are
delivered to stem cells, such as bone marrow-derived
stem cells, hematopoietic stem cells, their
precursors, or progenitors. In other approaches,
nucleic acid molecules are delivered to cells of an
ocular tissue, such as the retina, retinal pigment
epithelium, or choroid. The nucleic acid molecules
must be delivered to the cells of a subject in a form
in which they can be taken up so that therapeutically
effective levels of the therapeutic polypeptide (e.g.,
HSP protein, such as HSP 70, HSP 90) or fragment
thereof can be produced. A variety of expression
systems exist for the production of the polypeptides
of the invention. Expression vectors useful for
producing such polypeptides include, without
limitation, chromosomal, episomal, and virus-derived
vectors, e.g., vectors derived from bacterial
plasmids, from bacteriophage, from transposons, from
yeast episomes, from insertion elements, from yeast
chromosomal elements, from viruses such as
baculoviruses, papova viruses, such as SV40, vaccinia
viruses, adenoviruses, fowl pox viruses, pseudorabies
viruses and retroviruses, and vectors derived from
combinations thereof. One particular bacterial
expression system for polypeptide production is the E.
coli pET expression system (e.g., pET-28) (Novagen,
Inc., Madison, Wis). According to this expression
system, DNA encoding a polypeptide is inserted into a
pET vector in an orientation designed to allow
expression. Since the gene encoding such a polypeptide
is under the control of the T7 regulatory signals,
expression of the polypeptide is achieved by inducing
the expression of T7 RNA polymerase in the host cell.
This is typically achieved using host strains that
express T7 RNA polymerase in response to IPTG
induction. Once produced, recombinant polypeptide is
then isolated according to standard methods known in
the art, for example, those described herein. Another
bacterial expression system for polypeptide production
is the pGEX expression system (Pharmacia). This system
employs a GST gene fusion system that is designed for
high-level expression of genes or gene fragments as
fusion proteins with rapid purification and recovery
of functional gene products. The protein of interest
is fused to the carboxyl terminus of the glutathione
S-transferase protein from Schistosomajaponicum and is
readily purified from bacterial lysates by affinity
chromatography using Glutathione Sepharose 4B. Fusion
proteins can be recovered under mild conditions by
elution with glutathione. Cleavage of the glutathione
S-transferase domain from the fusion protein
isfacilitated by the presence of recognition sites for
site-specific proteases upstream of this domain. For
example, proteins expressed in pGEX-2T plasmids may be
cleaved with thrombin; those expressed in pGEX-3X may
b e cleaved with factor Xa. Alternatively, recombinant
polypeptides of the invention are expressed in Pichia
pastoris, a methylotrophic yeast. Pichia is capable of
metabolizing methanol as the sole carbon source. The
first step in the metabolism of methanol is the
oxidation of methanol to formaldehyde by the enzyme,
alcohol oxidase. Expression of this enzyme, which is
coded 



for by the AOXl gene is induced by methanol. The AOXl
promoter can b e used for inducible polypeptide
expression or the GAP promoter for constitutive
expression of a gene ~ of interest. Once the
recombinant polypeptide of the invention is expressed,
it is isolated, for example, using affinity
chromatography. In one example, an antibody (e.g.,
produced as described herein) raised against a
polypeptide of the invention may be attached to a
column and used to isolate the recombinant
polypeptide. Lysis and fractionation of
polypeptideharboring cells prior to affinity
chromatography may b e performed by standard methods
(see, e.g., Ausubel et al., supra). Alternatively, the
polypeptide is isolated using a sequence tag, such as
a hexahistidine tag, that binds to nickel column. Once
isolated, the recombinant protein can, if desired, b e
further purified, e.g., by high performance liquid
chromatography (see, e.g., Fisher, Laboratory
Techniques In Biochemistry and Molecular Biology,
eds., Work and Burdon, Elsevier, 1980). Polypeptides
of the invention, particularly short peptide
fragments, can also be produced by chemical synthesis
(e.g., by the methods described in Solid Phase Peptide
Synthesis, 2nd ed., 1984 The Pierce Chemical Co.,
Rockford, 111.). These general techniques of
polypeptide expression and purification can also be
used to produce and isolate useful peptide fragments
or analogs (described herein). If desired, a vector
expressing stem cell recruiting factors is
administered to an ocular tissue, such as the retinal
pigment epithelial layer. SDF-I (also called PBSF)
(Campbell et al. (1998) Science 279(5349):381-4),
6-C-kine (also called Exodus-2), and MIP-3 b (also
called ELC or Exodus-3) induced adhesion of most
circulating lymphocytes, including most CD4 + T cells;
and MIP-3 a(also called LARC or Exodus-1) triggered
adhesion of memory, but not naive, CD4 + T cells.
Tangemann et al. (1998) J. Immunol. 161:6330-7
disclose the role of secondary lymphoid-tissue
chemokine (SLC), a high endothelial venule
(HEV)-associated chemokine, with the homing of
lymphocytes to secondary lymphoid organs. Campbell et
al. (1998) J. Cell Bio! 141(4):1053-9 describe the
receptor for SLC as CCR7, and that its ligand,SLC, can
trigger rapid integrin-dependent arrest of lymphocytes
rolling under physiological shear. In other
approaches, vectors expressing anti-angiogenic
polypeptides are administered to reduce
neovascularization in an ocular tissue. Such
anti-angiogenic polypeptides include, but are not
limited to, interferon a, interferon b. In still other
approaches, a vector encoding a polypeptide
characteristically expressed in an ocular cell is
introduced to a stem cell of the invention.
Polypeptides expressed in retinal endothelial cells
include the retinal pigment epithelial marker, RPE 65,
and endothelial tissue markers, such as RPCA-I . If
desired the stem cells constitutively express markers
specific for the CNS endothelium (such as
P-glycoprotein, GLUT-I, and the transferrin receptor).
Stem cells transformed with these vectors preferably
exhibit the morphological characteristics and antigen
expression characteristics of the retinal pigment
epithelial cells 



(for example, pavement morphology and expression of
RET-PE2 and cytokeratins). Examples of retinal
specific proteins, including known SAGE tags, are
shown in Table 1.Table 1 Retinal-specific / enriched
SAGE tags SAGE tag Gene Retinal disease TGTGCTGAAC
transferrin GTAGGAGCTG HRG4 TACGTGAATT gamma
transducin AGAAGGCCTG ROMl ADRP GCCCTGTGCT recoverin
CTGGGTAGCA gamma phosphodiesterase GAAAAATAAA 1. ABCR
Stargardt, CRD, 2. pyruvate dehydrogenase kinase,
isoenzyme ARRP TAACACATTC 1. hypothetical protein 2.
Hs.151710 3. sodium calcium exchanger CGGGGTAGCA gamma
phosphodiesterase GATTTGGATG HS. 35493 AGAGCGCAGC
crystallin, alpha A (cataract) GACAATAAAT
MT-protocadherin CTCACCACCA rhodopsin ADRP, ARRP, cSNB
CAGATGGTTT HS. 21299 CACCCTCAGC arrestin Oguchi, ARRP
AGAAAATAAA 1. secretory carrier membrane protein 1 2.
phosducin3. Hs. 58033 TTGCTTTTAT 1. chorionic
somatomammotropin hormone 2 2. Hs.256635 ATCTTTTTAA 1.
MAGUK p55 subfamily member 4 2. cytochrome b-5
GTACATTAGT clusterin-like 1 (retinal) GGCCCCAGTT
rhodopsin ADRP, ARRP, cSNB CTAACTGCGA HS. 13768
CTTTCTCCTT beta transducin ATGGGTCTGG HS. 145068
AGAGCACAGC crystallin, alpha A (cataract) GACCACAAAA
CACNAlF CSNB ACGTGCGCCA 1. alpha transducin CSNB 



2. solute carrier family 21) CTCAGGAATT beta
phosphodiesterase CSNB TATACCATTT immunoglobulin
superfamily, member 4 GATGGAGGAC 1. RNA-binding
protein S1 2. beta channel ARRP ACTAGCACGC NRL ADRP
GGAGCCCTCT NR2E3 ESCS TAACAAAACC 1. calcium binding
protein 5 / 3 2. Hs. 57898 3. Hs. 5801 ACAATGTTGT
cellular retinoic acid-binding protein 1 AAGTCTGTTG
HS. 300880AGGTCTGCCT red / green opsin Color blindness
TACATCATAT alpha channel ARRP TGATCACGCC enolase 2
TTAACTGTAC HS. 66803 ACCCAAGCAT protein phosphatase,
EF hand calcium-binding domain 2 (rdgC homolog)
TAGTAGGCAC RAB4 CTGTTACCAG frizzled-related protein
TTTCAAAGGG HS. 98927 TACAGTAGTC HS. 239444 GTACTTTTAA
HS. 261526 GAAAATGAGA serine proteinase inhibitor,
clade B, member 6 TGGTTGCTGG HS. 33792 AGGCCGCTAG
X-arrestin TAAAATGCAG 1. neuroD 2. Hs. 271341
CAAGGGGTTC alpha channel ARRP TATATACACA 1. IRBP 2.
Spindlin TTTTTGTGTT 1. Hs. 127019 2. Hs. 50340
GGCTGCAATC 1. phosphoglycerate mutase 1 2.
UDP-Gal:betaGlcNAc beta 1,3- galactosyltransferase
TATGTATCCT SH3 domain binding glutamic acid-rich
protein like 2 TGCCTGCTAA Hs. 98881 



CTTGTTTTGT 1. retinal homeobox protein2. Hs. 12799
TCTACCTATG 1. glutathione peroxidase 3 2. calpain 9
AGCCGGAGGT dual specificity phosphatase 6 ATTTTCAGTT
HS. 250591 TTGGGCAGGC Hs. 213731 AACTTCAAGG HS. 154131
TGGTAAATGT guanylate cyclase activator 1C GGGGACCCTT
HT017 CTCTTCTGGA guanylate cyclase activator IA
GGAAGGAAAA 1. ATPase, H+ transporting, lysosomal,
member D 2. Hs. 43112 TCCAAACTAA gamma PDE GGGTGGGGGA
1. vesicle-associated membrane protein 2 2. Hs. 220656
3. Hs. 340046 TGCTTCTTCT NDRG family, member 4
TGTCAGTCTT HS. 310689 AAGTTTGGCC transferrin
TCCCTGGTGC 1. synaptogyrin 1 2. Hs 279307 TTTTATTGCA
neurobeachin ATACTCATTG HS. 122245 \ AGAGACCCTC HS.
113689 Transducing viral (e.g., retroviral,
adenoviral, and adeno-associated viral) vectors can be
used for somatic cell gene therapy, especially because
of their high efficiency of infectionand stable
integration and expression (see, e.g., Cayouette et
al., Human Gene Therapy 8:423-430, 1997; Kido et al.,
Current Eye Research 15:833-844, 1996; Bloomer et al.,
Journal of Virology 7 1:6641-6649, 1997; Naldini et
al., Science 272:263-267, 1996; and Miyoshi et al.,
Proc. Natl. Acad. Sci. U.S.A. 94:10319, 1997). For
example, a polynucleotide encoding an HSP protein,
variant, or a fragment thereof, can be cloned into a
retroviral vector and expression can be driven from
its endogenous promoter, from the retroviral long
terminal repeat, or from a promoter specific for a
tissue or cell of interest (e.g., an ocular tissue,
such as the choroid or the retinal pigment epithelial
layer). Other viral vectors that can be used include,
for example, a vaccinia virus, a bovine papilloma
virus, or a herpes virus, such as Epstein-Barr Virus
(also see, for example, the vectors of Miller, Human
Gene Therapy 15-14, 1990; Friedman, Science
244:1275-1281, 1989; Eglitis et al., BioTechniques
6:608-614, 1988; Tolstoshev et al., Current Opinion in
Biotechnology 1:55-61, 1990; Sharp, The Lancet 



337:1277-1278, 1991; Cornetta et al., Nucleic Acid
Research and Molecular Biology 36:31 1- 322, 1987;
Anderson, Science 226:401-409, 1984; Moen, Blood Cells
17:407-416, 1991; Miller et al., Biotechnology
7:980-990, 1989; Le Gal La Salle et al., Science
259:988-990, 1993; and Johnson, Chest 107:77S-83S,
1995). Retroviral vectors are particularly well
developed and have been used in clinical settings
(Rosenberg et al., N. Engl. J. Med 323:370, 1990;
Anderson et al., U.S. Pat. No. 5,399,346). Most
preferably, a viral vector is used to administer an
HSP polynucleotide into the eye. Non-viral approaches
can also be employed for the introduction of a
therapeutic to a cell of a patient (e.g., an ocular
cell or tissue). For example, a nucleic acid molecule
can be introduced into a cell by administering the
nucleic acid in the presence of lipofection (Feigner
et al., Proc. Natl. Acad. Sci. U.S.A. 84:7413, 1987;
Ono et al., Neuroscience Letters 17:259, 1990; Brigham
et al., Am. J. Med. Sci. 298:278, 1989; Staubinger et
al., Methods in EnZymology 101:512, 1983),
asialoorosomucoid-polylysine conjugation (Wu et al.,
Journal of Biological Chemistry 263:14621, 1988; Wu et
al., Journal of Biological Chemistry 264:16985, 1989),
or by micro-injection under surgical conditions (Wolff
et al., Science 247: 1465, 1990). Preferably the
nucleic acids are administered in combination with a
liposome and protamine. Gene transfer can also be
achieved using non-viral means involving transfection
in vitro. Such methods include the use of calcium
phosphate, DEAE dextran, electroporation, and
protoplast fusion. Liposomes can also be potentially
beneficial for delivery of DNA into a cell.
Transplantation of normal genes into the affected
tissues of a patient can also be accomplished by
transferring a normal nucleic acid into a cultivatable
cell type ex vivo (e.g.,an autologous or heterologous
primary cell or progeny thereof), after which the cell
(or its descendants) are injected into a targeted
tissue. cDNA expression for use in polynucleotide
therapy methods can be directed from any suitable
promoter (e.g., the human cytomegalovirus (CMV),
simian virus 40 (SV40), or metallothionein promoters),
and regulated by any appropriate mammalian regulatory
element. Exemplary constitutive promoters include the
promoters for the following genes which encode certain
constitutive or "housekeeping" functions: hypoxanthine
phosphoribosyl transferase (HPRT), dihydrofolate
reductase (DHFR) (Scharfmann et al., Proc. Natl. Acad.
Sd. USA 88:4626-4630 (1991)), adenosine deaminase,
phosphoglycerol kinase (PGK), pyruvate kinase,
phosphoglycerol mutase, the actin promoter (Lai et
al., Proc. Natl Acad. Sd. USA 86: 10006-10010 (1989)),
and other constitutive promoters known to those of
skill in the art. In addition, many viral promoters
function constitutively in eukaryotic cells. These
include: the early and late promoters of SV40; the
long terminal repeats (LTR) of Moloney Leukemia Virus
and other retroviruses; and the thymidine kinase
promoter of Herpes Simplex Virus, among many others.
Accordingly, any of the above-referenced constitutive
promoters can be used to control transcription of a
heterologous gene insert. Genes that are under the
control of inducible promoters are expressed only or
to a 



greater degree, in the presence of an inducing agent,
(e.g., transcription under control of the
metallothionein promoter is greatly increased in
presence of certain metal ions). Inducible promoters
include responsive elements (REs) which stimulate
transcription when their inducing factors are bound.
For example, there are REs for serum factors, steroid
hormones, retinoic acid and cyclic AMP. Promoters
containing a particular RE can be chosen in order to
obtain an inducible response and in some cases, the RE
itself may be attached to a different promoter,
thereby conferring inducibility to the recombinant
gene. Thus, by selecting the appropriate promoter
(constitutive versus inducible; strong versus weak),
it is possible to control both the existence and level
of expression of a therapeutic agent in the
genetically modified stem cell and/or retinal cells.
Selection and optimization of these factors for
delivery of a therapeutically effective dose of a
particular therapeutic agent is deemed to be within
the scope of one of ordinary skill in the art without
undue experimentation, taking into account the
above-disclosed factors and the clinical profile of
the patient. In addition to at least one promoter and
at least one heterologous nucleic acid encoding the
therapeutic agent, the expression vector preferably
includes a selection gene, for example, a neomycin
resistance gene, for facilitating selection of stem
cells that have been transfected or transduced with
the expression vector.If desired, enhancers known to
preferentially direct gene expression in specific cell
types can be used to direct the expression of a
nucleic acid. The enhancers used can include, without
limitation, those that are characterized as tissue- or
cell-specific enhancers. Alternatively, if a genomic
clone is used as a therapeutic construct, regulation
can be mediated by the cognate regulatory sequences
or, if desired, by regulatory sequences derived from a
heterologous source, including any of the promoters or
regulatory elements described above. Another
therapeutic approach included in the invention
involves administration of a recombinant therapeutic,
such as a recombinant HSP protein, variant, or
fragment thereof, either directly to the site of a
potential or actual disease-affected tissue or
systemically (for example, by any conventional
recombinant protein administration technique). The
dosage of the administered protein depends on a number
of factors, including the size and health of the
individual patient. For any particular subject, the
specific dosage regimes should be adjusted over time
according to the individual need and the professional
judgment of the person administering or supervising
the administration of the compositions. The ocular
route is the preferred route of inoculation of drug
induced homing of stem cell and/or vector to ocular
tissues. However, this designation as the preferred
inoculation route is not meant to preclude any other
route of administration. Preferred routes of
inoculation of the vector are via intravitreal or
subretinal routes. The ocular route includes but is
not limited to subconjunctival injection, surface
drops, a slow-release device such as a collagen
shield, a hydrogel contact lens or an ALZA "Ocusert."
Subconjunctival vaccination is done using proparacaine
for anesthesia prior to the injection of 0.2-0.5 ml of
vector, in a 



dose of 10-1000 .mg/inoculation, given in an insulin
syringe and a small gauge needle. The injection is
given in the lower cul-de-sac ensuring that the
vaccine material remains subconjunctival and does not
leak out. The surface drops inoculation involves
placing the vector with or without adjuvant and/or
stem cell trafficking drug in the conjunctival
cul-de-sac and then rubbing the eye gently for 30
seconds while held closed. The procedure can be
repeated two or three times a day for five days to
prolong the exposure, all of which comprise a single
vaccination. For better retention, the tear drainage
ducts may be temporarily blocked using collagen or
other devices. Alternatively, the vector and/or naked
DNA may be encapsulated in a microcapsule and then
implanted into the eye to facilitate continuous
release.Kits The invention provides kits for the
treatment or prevention of an ocular disease,
disorder, or symptoms thereof. In one embodiment, the
kit includes a pharmaceutical pack comprising an
effective amount of a Hsp90 chaperone modulator (e.g.,
Geldanamycin) or a heat shock response activator
(e.g., Celastrol). Preferably, the compositions are
present in unit dosage form. In some embodiments, the
kit comprises a sterile container which contains a
therapeutic or prophylactic composition; such
containers can be boxes, ampules, bottles, vials,
tubes, bags, pouches, blister-packs, or other suitable
container forms known in the art. Such containers can
be made of plastic, glass, laminated paper, metal
foil, or other materials suitable for holding
medicaments. If desired compositions of the invention
or combinations thereof are provided together with
instructions for administering them to a subject
having or at risk of developing an ocular disease or
disorder, such as diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy. The instructions will generally include
information about the use of the compounds for the
treatment or prevention of an ocular disease or
disorder. In other embodiments, the instructions
include at least one of the following: description of
the compound or combination of compounds; dosage
schedule and administration for treatment of an ocular
disorder or symptoms thereof; precautions; warnings;
indications; counter-indications; overdosage
information; adverse reactions; animal pharmacology;
clinical studies; and/or references. The instructions
may be printed directly on the container (when
present), or as a label applied to the container, or
as a separate sheet, pamphlet, card, or folder
supplied in or with the container.EXAMPLES Example 1:
Recruitment of Stem Cells by Laser Chimeric mice were
constructed with GFP stems cells that were
transplanted into mice that had undergone near lethal
irradiation. Chimeric mice were made with
GFPexpressing hematopoietic stem cells from GFP
homozygous transgenic donors. These cells were
transplanted into recipients that had undergone near
lethal irradiation. These gfp 



chimeric mice (C57B16.gfp) were used in all subsequent
laser studies. Using the 810 nm diode laser with a
spot diameter of 75 mm, various levels of energy were
delivered to the retina including energy of 5mJ (50
mW, 0.1 msec) that did not produce visible laser
tissue reaction in the retina (laser irradiance 1130
W/cm2) . This was considered sub-visible threshold.
Three weeks post-laser the animals were euthanized and
the eyes were harvested. Eye cups were prepared and
the neurosensory retina was removed. Eyes receiving
subthreshold laser energy demonstrated robust
recruitment of hematopoietic stem cells (HSC) to the
retinal pigment epithelial layer in a diffuse pattern.
These changes occurred within a 2 week period.
Sub-threshold laser induced adult stem cells to
migrate to and repair the retinal pigmented epithelium
as shown in Figures 1 and 2. Figure 1 demonstrates the
striking duty-cycle dependent localization of gfp+
cells at the level of the RPE. The dark regions in
Figure 1 represent GFP+ cells that have incorporated
into the RPE layer in areas that have received laser.
Background fluorescence, as determined by the
contralateral (unaffected) eyes was removed from this
image. Figure 2 is a graph quantitating human stem
cell (HSC) incorporation into RPE. Example 2 : HSCs
Recruited to the Retina Express a Retinal Specific
Marker By confocal immunofluorescence microscopy, it
was also shown that GFP positive cells co-localized
with RPE65- a protein specific for the RPE, suggesting
that the recruited hematopoietic stem cells have
acquired RPE characteristics. These eyes also
demonstrated diffuse endothelial cell recruitment as
well. Eyes receiving high energy laser with noticeable
retinal opacification (150 mW, 0.1 sec) showed focal
recruitment OfGFP+ HSC to the scar region along with
endothelial cells. Sub-threshold laser induced HSC to
migrate to and incorporate into the RPE. The degree of
incorporation correlates with laser duty cycle. 15%
duty cycle resulted in the greatest degree of HSC
incorporation.Example 3 : Subvisible threshold laser
increased hsp70, hsp90, and induction of the heat
shock response resulted in the release of SDF-I and
VEGF Ophthalmic lasers are an important tool for the
treatment of various retinal disorders. In most
instances, the effect has been attributed to visible
changes in the retina (i.e., laserinduced
photochemical burns). The diode 810 nanometer laser is
believed to cause less damage to the neurosensory
retina because the laser energy is absorbed by the
RPE. Figure 2 demonstrated the striking duty-cycle
dependent localization OfGFP+ cells at the level of
the RPE. There is a maximal response at 10 %
duty-cycle. This was separately confirmed using
adoptive transfer methods, a technique that closely
resembles cellular therapy. Adoptive transfer involves
the systemic administration of HSCs and results in the
rapid homing of these cells to areas producing
chemoattractants. Micropulse lasering has been
developed clinically to minimize photodestructive
damage to the retina. The infrared (810 nm) laser used
in micropulse mode is a relatively new modality for
potential treatment of retinal disorders. Using
repetitive, brief pulses of laser during a single
exposure limits the amount of heat conduction and
subsequent RPE 



damage. It has recently gained clinical acceptance for
this reason. The heat shock response is considered to
be a cytoprotective response based on the ability of
the ensemble of heat shock proteins to limit protein
misfolding. To determine whether the use of micropulse
lasering acted through thermal effects that induce the
heat shock response and/or induction of cytokine and
growth factors that attract HSCs to the eye, an
infrared laser with variable duty cycle was used to
examine the time course of mRNA expression of hsp70,
hsp90 and crystallins in both the neurosensory retina
and the posterior cup which contains the RPE and
choroid complex. A peak increase in hsp70 was observed
two hours post-laser in the neural retina and four
hours post-laser in the posterior eye cup. mRNA for
hsp90 dramatically peaked in both the neural retina
and the posterior eye cup at two hours. Laser-induced
expression of SDF-I and its receptor CXCR-4 in the
posterior eye cup was also observed. Examination at
two hours post-laser suggested that a brief laser
treatment effected the RPE cell's transcriptional
machinery and reprogrammed the RPE cell to produce a
series of factors that are capable of recruiting HSCs
to the retina. By 4 hours post-laser, an increase in
expression of SDF-I and CXCR-4 was observed. Since
SDF-I and VEGF are known to be responsive to hypoxia,
the effect of lasering the retina on HIF-lamRNA levels
was examined. mRNA for HIF-lawas reduced at 2 hours
and increased at 4 hours in the posterior eye
cup.These studies support the autocrine and paracrine
regulation of RPE by SDF-I and VEGF. Without wishing
to be bound by theory, it is likely that subvisible
laser primes the extracellular environment of the RPE
- photoreceptor layers and creates a receptive
environment for recruiting HSCs. Growing evidence
indicates that extracellular hsp70 is a
neuroprotective agent. Without wishing to be bound by
theory, hsp70 may be acting as a neuroprotective a
factor in the retina by facilitating the recruitment
of HSCs to the retina to provide for the repair of the
RPE. The heat shock proteins likely function in the
recruitment of HSC to the retina. This may be
accomplished in vivo by the recruitment of HSCs
following local production of chemoattractant
proteins. Example 4: Hsp70 mRNA levels increased
following heat shock of primary RPE cultures To
determine if the RPE could be a source of the observed
in vivo cytokine response, cultures of human primary
RPE and ARPEl 9 (an immortalized RPE cell) were heat
shocked. At two hours post heat-shock, suppression of
the mRNAs of the heat shock proteins, HBF-la as well
as SDF-I and VEGF was observed. In RPE cultures, a
dramatic forty-fold increase in hsp90 mRNA levels was
observed. The in vitro hsp90 results paralleled
results in vivo. Strikingly, a fifty-fold increase in
hsp70 mRNA levels was observed in the primary RPE
cultures, which indicated that resident RPE cells
released this putative neuroprotective agent. Based on
these in vivo data, and without wishing to be bound by
theory, it is. likely that RPE cells are the source of
chemotactic factors that facilitated HSC recruitment
to the retina. This does not preclude the possibility
that other cell types participated in the recruitment
response. 



In sum, these results indicated for the first time
that HSCs can be locally recruited to the retina,
including the RPE layer by either laser or
pharmacological induction. This was achieved with SVL
induction of the heat shock response. The
laser-induced heat shock response was temporally
associated with the release of HIF-I aand then the HSC
chemoattractants SDF-I and VEGF. The present results
produced no clinically visible laser burn or scar.
This lack of damage distinguishes the present methods
from methods that induce visible retinodestructive
lasering. Example 5: Chemically induced heat shock
recruits HSC to the RPE These observations were
extended by chemically inducing the heat shock
response in primary human RPE cells. Four hours
post-laser exposure, there was an exuberant increase
in hsp70 levels, and a moderate increase in hsp90,
hsp32 and crystallin mRNA levels. SDF-Iexpression was
also observed. The time course for this expression
mirrored that seen during classic heat shock
induction. In addition, chemically induced heat shock
recruited HSC to the RPE as shown in Figure 3. The
pharmacological induction with small molecule inducers
of the heat shock response was induced by the
intravitreal injection of geldanamycin or by
separately exposing RPE cells resulted in the
identical induction of SDF-I and VEGF. These
experiments provide conclusive evidence that heat
shock induction, by either laser or pharmacological
induction, directly results in the production HIF-I
aand the critical HSC chemokines, SDF-I and VEGF.
Further, they suggest pharmacological manipulation
effectively leads to HSC recruitment to the RPE layer
and differentiation. Clinical studies have shown that
elderly patients have reduced levels of HSCs in their
circulation. These cells can be mobilized from the
bone marrow to enter the systemic circulation for
recruitment to the retina. Currently, the common dry
form of ARMD has no effective treatment. The present
invention provides laser and pharmacological methods
for the treatment of ARMD. The present methods further
provide hematopoietic stem cell therapy for ARMD. The
present studies suggest that age-related repair
defects may contribute to the development of ARMD and
further indicate that ARMD may be treated by enhancing
repair function using a combination of laser and
pharmacological approaches. In particular, the
invention provides methods for priming ARMD patients
with an agent that mobilizes HSCs, such as GM-CSF,
followed by sub-visible laser or intravitreal
injection of compounds that can induce the heat shock
response would initiate cellular repair of the RPE
layer. The results described above were obtained using
the following methods and materials.
Electroretinography (ERG) Retinal function of treated
and untreated eyes is evaluated by ERG (a non-invasive
technique used to determine photoreceptor function) on
a periodic (e.g., monthly) basis to determine the
effect of laser or pharmacological agent therapy.
Electroretinography is a non invasive technique in
which the corneal electrical response to light is
measured in 



anesthetized animals. Mice are anesthetized with
intraperitoneal injections of a mix of 80- 100 mg/kg
ketamine and 5-10 mg/kg xylazine for anesthesia
(Phoenix Pharmaceuticals, St. Joseph, MO). The mouse
corneas are anesthetized with a drop of 0.5%
proparacaine HCl (Akorn, Buffalo Grove, IL), and
dilated with a drop of 2.5% phenylephrine HCl (Akorn).
Measurement electrodes tipped with gold wire loops are
placed upon both corneas with adrop of 2.5%
hypromellose (Akorn) to maintain electrode contact and
corneal hydration. A reference electrode is placed
subcutaneously in the center of the lower scalp of the
mouse, and a ground electrode is placed subcutaneously
in the hind leg. The mouse rested on a homemade
sliding platform that keeps the animal at a constant
temperature of 37 C. The animal is positioned so that
its entire head rested inside of the Ganzfeld
(full-field) illumination dome of a UTAS-E 2000 Visual
Electrodiagnostic System (LKC Technologies, Inc.,
Gaithersburg, MD). Full-field scotopic ERGs are
measured by 10 msec flashes at an intensity of 0.9 and
1.9 log cd m-2 at 1 minute intervals. Responses are
amplified at a gain of 4,000, filtered between 0.3 to
500Hz and digitized at a rate of 2,000 Hz on two
channels. Five responses are averaged at each
intensity. The wave traces analyzed using UTAS-E 2000
software package (LKC Technologies, Inc.). A-waves are
measured from the baseline to the peak in the
corneanegative direction; b-waves are measured from
the cornea-negative peak to the major corneapositive
peak. The animals receive triple antibiotic ointment
(Vetropolycin) in their eyes to maintain moisture
following the procedure, and are allowed to regain
consciousness on a 37 degree warming tray before they
are returned to the vivarium. Animals receiving
Ketamine/Xylazine anesthesia will also receive
0.01-0.02 ml/g of body weight of warm LRS SQ.
Funduscopy Retinal examination of treated and
untreated eyes is evaluated by funduscopic
examination. Funduscopy is a non-invasive technique in
which retinal photographs are taken of anesthetized
animals. Mice are anesthetized, and their corneas are
anesthetized and dilated as described above for ERG
analysis. Fundus photography is performed with a
specialized camera and lens, a Kowa Genesis.hand held
fundus camera (Kowa Company, Ltd., Tokyo, Japan)
focused through a VoIk Super 66 Stereo Fundus Lens
(Keeler, Berkshire, England). Two pictures of each eye
are generally taken to ensure a properly focused
image. The animals receive triple antibiotic ointment
(Vetropolycin) in their eyes to maintain moisture
following the procedure, and are allowed to regain
consciousness on a 37 C warming tray before they are
returned to the vivarium. Animals receiving
Ketamine/Xylazine anesthesia will also receive
0.01-0.02 ml/g of body weight of warm LRS SQ.Laser
Treatment The pre-surgical preparation of the animals
involves making sure that they are physically active
and able to undergo anesthesia. The mice need to be
without any evidence of ocular discharge or evidence
of a cataract so as to make it feasible to visualize
the retina to 



perform laser burn treatment. Prior to the laser
treatment the animals will be anesthetized with
intraperitoneal injection of a mix of 80-100 mg/kg
ketamine and 5-10 mg/kg xylazine. No corneal edema or
cataract formation is attributed to the use of these
anesthetics. The level of anesthesia is monitored by a
footpad pinch and breathing rate. A lack of the
reflexresponse to the footpad pinch indicates that the
animal is properly anesthetized. No ocular ointment is
applied before or during the laser treatment because
this would prevent effective laser treatment. Some
antibiotic ointment is applied to protect the
untreated eye. If no response is demonstrated after
footpad pinch then the laser treatment will proceed.
Pain, distress or discomfort is suggested by movement
of the animal during the time required for laser
treatment. If the animal shows increased movement just
prior to or during laser surgery then anesthesia is
supplemented by exposing the animal to isoflurane for
10 seconds. Approximately 1mL isoflurane is soaked
onto a crumpled Kimwipe placed in the bottom of a 50
mL plastic centrifuge tube and the tube is capped. If
necessary the open end of this tube can be held
briefly near the animal's nose. This procedure is
performed in a fume hood. After this the animals'
breathing rate will continue to be monitored and the
animal's pain response will be monitored by footpad
pinch. If no movement is demonstrated after footpad
pinch, then the laser surgery will proceed. The laser
treatment takes approximately 30 seconds per mouse. An
intraperitoneal injection of yohimbine (2 mg/kg body
weight) is used to reverse the effect of the
ketamine/xylaxine. This will reduce the amount of time
that the eyes are at risk due to the loss of the blink
reflex under anesthesia. No abnormal behavior is
expected following surgery. Pain, distress and
discomfort can occur after laser treatment. The
literature indicates that human recovery from laser
treatment is helped by application of ketorolac to the
cornea at the end of the procedure (Kosrirukvongs et
al, Topical ketorolac tromethamine in the reduction of
adverse effects of laser in situ keratomileusist, J.
Med Assoc Thai, 2001;84:804- 810 and Price, et al,
Pain reduction after laser in situ keratomileusis with
ketorolac tromethamine ophthalmic solution 0.5%: a
randomized, double-masked, placebo-controlled trail,
J. Refeact Surg, 2002:18:140-144). Therefore, after
laser treatment drops of a solution of ketorolac (0.5%
OP) will be applied to the eyes of the mice for 48
hours followingtreatment, and longer if needed. The
commercial name of this solution is Acular PF
Solution. This duration of treatment with Acular PF
has no adverse effects on the mice and has no effect
on neovascularizaion as evidenced by analysis of the
vehicle injected animals. The animals will be
maintained in their cages and held at room temperature
(18-260C), or on a 37 0C warming tray and visually
monitored continuously until they show signs of
recovery from anesthesia. Full recovery from
anesthesia occurs only when the animal is fully alert
and ambulatory in the cage. Bone Marrow Harvesting:
Donor mice were humanely euthanized prior to bone
marrow harvesting, as this procedure is not a survival
surgery. The animals were euthanized by injection with
an 



overdose of ketamine (Xylazine 60 mg/Kg, Ketamine 30
mg/Kg) administered IP. After deep pain loss was
achieved, as determined by failure to respond to
toe/footpad pinch, a cervical dislocation was
performed to confirm death. To harvest mouse bone
marrow derived stem cells, femurs were dissected
aseptically from 4-8-week-old transgenic mice
expressing enhanced green fluorescence protein (GFP).
Both ends of the femurs were cut, and the marrow was
extruded with 5 mL of Dulbecco's modified Eagle's
medium (DMEM; Nissui Co.,Tokyo, Japan) containing 10%
fetal bovine serum (FBS), 2 mM L-glutamine, 100
units/mL penicillin G, and 10% heparin, using a 2.5-
mL syringe and a 2 1-gauge needle. FACS analysis was
used to confirm the proper BMSC phenotype.
Intraperitoneal Injections: The procedure for
intraperitoneal injection is as follows: The subjected
is picked up by the scruff of its neck as close to the
ears as possible. The tail of the mouse will be held
by little fingers of the same hand. Using a sterile
hypodermic needle of 26 gauge, the skin and abdominal
muscle will be pierced and the contents of the needle
is injected into the peritoneal cavity with cautions
to avoid the diaphragm and other internal organs.
Intravitreal Injections Mice are anesthetized as
described above. Proparacaine hydrochloride 0.5%
(Alcon Laboratories, Inc., Fort Worth, TX) is used for
additional topical anesthesia. Phenylephrine HCl
and/or Atropine Sulfate is applied to the ocular
surface before injection in order toachieve dilation
of the iris to minimize damage related to the
procedure, and triple antibiotic ophthalmic ointment
(Vetropolycin) is applied after injection, to prevent
infection. A 30- gauge needle is used to make a punch
incision 0.5 mm posterior to the temporal limbus, and
the microinjector needle is inserted through the
incision, approximately 1.5 mm deep, angled toward the
optic nerve until the tip of needle is visualized in
the center of the vitreous. All injections are
visualized with the aid of a dissecting microscope,
Nikon SM2800 (Nikon, Melville,"NY) with illumination
provided by a fiber optic light source from Southern
Micro Instruments 150 Watt fiber optic light source
with Schott Fostec fiber optic arms (Southern Micron
Instruments, Marietta, GA) Up to 2 microliters of drug
suspension is then slowly introduced into the
vitreous, and the needle is carefully withdrawn.
Following this procedure, the mice are allowed to
recover in clean cages on a warming tray. Animals are
observed until they are fully recovered from the
procedure, after which time they are returned to the
vivarium. Retro-orbitalInjections For local delivery
of stem cells retro-orbital injections work very well
for transplants of stem cells as an alternative to
tail vein intravenous injections. Mice are
anesthetized with either ketamine/xylazine as
described above, or through the use of isoflurane
administered via a precision vaporizer. The fur above
the eye is gently retracted, similar to a bleeding
procedure. Injections are performed using a 1 cc
syringe and a 27 or 30g needle, with the 



bevel facing outward and inserted at a 45 angle into
the center of the area of the retro-orbital sinus. The
tip of the needle is carefully advanced to penetrate
the retro-orbital sinus, with care taken to make sure
the needle is approximately mid-sinus. Up to 200 ml of
cell suspension is slowly injected. The cell
suspension is filtered prior to injection so that it
contains no clumps. After injection, the needle is
carefully removed, keeping the bevel outward to
protect the mouse's eye from being scratched. For
multiple injections, at least 2 days are allowed to
elapse between injections. Eyes are alternated for
subsequent injections, with a maximum of 2 injections
per eye per mouse. Proparacaine topical anesthetic is
administered one minute prior to injection
Retro-orbital injection is significantly less
traumatic than eye bleeding at the same site. The site
is inspected or observed post-procedure to ensure that
there is no trauma to the eye. After each injection,
and as soon as any bleeding has totally stopped,
ophthalmic antibiotic ointment will be applied and
spread evenly in the eye to prevent infection.
Afterthe procedure, the animal is monitored for pain
signs (blepharospasm, squinting) within the next 24-48
hours and given analgesics as needed. Following
anesthesia, the animal(s) are observed until they
become conscious and ambulatory, after which they will
be returned in their cage(s) to the cage racks. Other
Embodiments From the foregoing description, it will be
apparent that variations and modifications may be made
to the invention described herein to adopt it to
various usages and conditions. Such embodiments are
also within the scope of the following claims. The
recitation of a listing of elements in any definition
of a variable herein includes definitions of that
variable as any single element or combination (or
subcombination) of listed elements. The recitation of
an embodiment herein includes that embodiment as any
single embodiment or in combination with any other
embodiments or portions thereof. All patents and
publications mentioned in this specification are
herein incorporated by reference to the same extent as
if each independent patent and publication was
specifically and individually indicated to be
incorporated by reference.What is claimed is: 1. A
method for ameliorating an ocular disease in a
subject, the method comprising (a) inducing heat shock
in at least one cell of an ocular tissue; and (b)
recruiting a stem cell to the ocular tissue, thereby
ameliorating the ocular disorder. 2. The method of
claim 1, wherein the heat shock is induced in the
ocular tissue using sub-visible threshold laser (SVL)
stimulation. 3. The method of claim 1, wherein the
heat shock is induced using a small compound selected
from the group consisting of geldanamycin, celastrol,
17-allylamino-17- demethoxygeldanamycin, EC102,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, andH-71. 4. The method of claim 1, wherein the
heat shock is induced using a polypeptide 



selected from the group consisting of HsplOO, Hsp90,
Hsp70, Hsp60, and Hsp40. 5. The method of claim 1,
wherein heat shock is induced using an expression
vector comprising a polynucleotide encoding a heat
shock polypeptide. 6. The method of any one of claims
1-4, wherein the method increases the expression or
activity of a heat shock protein selected from the
group consisting of HsplOO, Hsp90, Hsp70, HspbO, and
Hsp40. 7. The method of claim 4 or 5, wherein the heat
shock polypeptide is Hsp70 or Hsp90. 8. The method of
claim 1, wherein the stem cell is a hematopoietic stem
cell. 9. The method of claim 1, wherein the method
reduces at least one symptom of the ocular disease or
disorder. 10. The method of claim 1, wherein the
ocular disease or disorder is selected from the group
consisting of diabetic retinopathy, choroidal
neovascularization, glaucoma retinitispigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy, cystoid macular edema, retinal detachment,
photic damage, ischemic retinopathies,
inflammationinduced retinal degenerative disease,
X-linked juvenile retinoschisis, glaucoma, Malattia
Leventinese (ML) and Doyne honeycomb retinal
dystrophy. 11. A method of recruiting a stem cell to
an ocular tissue of a subject in need thereof, the
method comprising stimulating the ocular tissue with a
sub-threshold laser, wherein the level of stimulation
is sufficient to recruit at least one stem cell to the
tissue. 12. The method of claim 11, wherein a 10% or
15% duty cycle is used. 13. The method of claim 11,
wherein the sub-threshold laser has a wavelength from
at least about 100 nm to 2000 nm. 14. The method of
claim 11, wherein the sub-threshold laser energy is
from about 5 mW to 200 mW. 15. The method of claim 11,
wherein the sub-threshold laser energy is from 10 mW
to 100 mW. 16t The method of claim 11, wherein the
laser is administered in a micropulse. 17. The method
of claim 11, wherein the duration of the micropulse is
from about 0.00 1 msec to 1.0 msec. 18. The method of
claim 11, wherein the duration of the micropulse is
0.1 msec. 19. The method of claim 10, wherein the
sub-threshold laser energy is between 10 mW to 100 mW
and is administered in a 0.1 msec pulse. 20. The
method of claim 10, wherein the stimulation increases
the expression or biological activity of a heat shock
protein selected from the group consisting of HsplOO,
Hsp90, Hsp70, Hsp60, and Hsp40.2 1. The method of
claim 10, wherein the stimulation alters the
expression or activity of a protein selected from the
group consisting of SDF-I, VEGF, HIF- la, crystallin,
hypoxiainducible factor 1-alpha (HIF-Ia), and CXCR-4.
22. The method of claim 10, wherein the method
increases the expression of an Hsp70 or 



Hsp90 polypeptide by at least 10-fold. 23. The method
of claim 10, wherein the method increases the
expression or activity of an Hsp70 or Hsp90
polypeptide by at least 40-fold. 24. A method of
recruiting a stem cell to an ocular tissue of a
subject in need thereof, the method comprising (a)
administering an agent to a subject in an amount
sufficient to induce heat shock in an ocular tissue;
and (b) recruiting a stem cell to the ocular tissue.
25. A method of ameliorating an ocular disease or
disorder in a subject in need thereof, the method
comprising (a) administering an agent to a subject in
an amount sufficient to induce heat shock in an ocular
tissue; and (b) recruiting a stem cell to the ocular
tissue, thereby ameliorating the ocular disease or
disorder.. 26. The method of claim 25, wherein the
ocular disease or disorder is selected from the group
consisting of diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy, cystoid macular edema, retinal detachment,
photic damage, ischemic retinopathies,
inflammationinduced retinal degenerative disease,
X-linked juvenile retinoschisis glaucoma, Malattia
Leventinese (ML) and Doyne honeycomb retinal
dystrophy. 27. A method of regenerating the retina in
a subject in need thereof, the method comprising(a)
administering an agent to a subject in an amount
sufficient to induce heat shock in an ocular tissue;
and (b) recruiting a stem cell to the ocular tissue,
thereby regenerating the retina. 28. A method of
repairing retinal pigment epithelium damage in a
subject in need thereof, the method comprising (a)
administering an agent to a subject in an amount
sufficient to induce heat shock in an ocular tissue;
and (b) recruiting a stem cell to the ocular tissue,
thereby repairing the retinal pigment epithelium. 29.
The method of any one of claims 22-28, wherein the
heat shock is induced using a small compound. 30. The
method of claim 29, wherein the small compound is
selected from the group consisting of geldanamycin,
celastrol, 17-allylamino-17-demethoxygeldanamycm,
EC102, radicicol, geranylgeranylacetone, paeomfiorin,
PU-DZ8, and H-71. 31. The method of any one of claims
22-28, wherein the heat shock is induced using a
polypeptide. 



32. The method of any one of claims 22-28, wherein
heat shock is induced using an expression vector
comprising a polynucleotide encoding a heat shock
polypeptide. 33. The method of claim 30 or 3 1,
wherein the heat shock polypeptide is selected from
the group consisting of HsplOO, Hsp90, Hsp70, Hsp60,
and Hsp40. 34. The method of any one of claims 22- 28,
wherein the agent increases the expression or
biological activity of a heat shock protein selected
from the group consisting of HsplOO, Hsp90, Hsp70,
Hsp60, and Hsp40. 35. The method of any one of claims
22- 28, wherein the agent alters the expression or
activity of a protein selected from the group
consisting of SDF-I, VEGF, HIF- la, crystallin,
hypoxia-inducible factor 1-alpha (HIF-Ia), and
CXCR-4,36. The method of any one of claims 22- 28,
wherein the method increases the expression of an
Hsp70 or Hsp90 polypeptide by at least 10-fold. 3.7.
The method of any one of claims 22- 28, wherein the
method increases the expression or activity of an
Hsp70 or Hsp90 polypeptide by at least 40-fold. 38.
The method of any one of claims 1- 28, wherein an
agent that increases hematopoietic stem cell
mobilization is administered to the subject prior to
induction of the heat shock response. 39. The method
of any one of claims 1-28, wherein the method further
comprises administering an anti-inflammatory agent or
an anti-angiogenic agent. 40. The method of any one of
claims 1-28, wherein the method further comprises
administering an agent that supports the survival,
proliferation, or transdifferentiation of a
hematopoietic stem cell. 41. The method of any one of
claim 1-28, wherein the subject has an ocular disease
or disorder selected from the group consisting of
diabetic retinopathy, choroidal neovascularization,
glaucoma retinitis pigmentosa, age-related macular
degeneration, glaucoma, corneal dystrophies,
retinoschises, Stargardt's disease, autosomal dominant
druzen, and Best's macular dystrophy, cystoid macular
edema, retinal detachment, photic damage, ischemic
retinopathies, inflammation-induced retinal
degenerative disease, X-linked juvenile retinoschisis,
glaucoma, Malattia Leventinese (ML) and Doyne
honeycomb retinal dystrophy. 42. The method of any one
of claims 1-28, wherein the method further comprises
administering all trans-retinoic acid to enhance the
transdifferentiation of the stem cell to a retinal
pigment epithelial cell. 43. A method of ameliorating
an ocular disease or disorder in a subject in need
thereof, the method comprising(a) administering to the
subject an agent that mobilizes a bone marrow derived
stem cell in the subject; (b) inducing heat shock in
an ocular tissue; and (c) recruiting the stem cell to
the ocular tissue, thereby ameliorating the ocular
disease or disorder. 



44. The method of claim 43, wherein the agent is
granulocyte macrophage colony stimulating factor or
stem cell factor. 45. The method of claim 43, wherein
the heat shock is induced using a subthreshold laser
treatment. 46. The method of claim 43, wherein the
heat shock is induced using an agent that is a small
compound, polypeptide, or nucleic acid molecule. 47.
The method of claim 45, wherein the small compound is
selected from the group consisting of geldanamycin,
celastrol, 17-allylamino-17-demethoxygeldanamycin,
EC102, radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71. 48. The method of claim 43, wherein
the ocular disease or disorder is selected from the
group consisting of diabetic retinopathy, choroidal
neovascularization, glaucoma retinitis pigmentosa,
age-related macular degeneration, glaucoma, corneal
dystrophies, retinoschises, Stargardt's disease,
autosomal dominant druzen, and Best's macular
dystrophy, cystoid macular edema, retinal detachment,
photic damage, ischemic retinopathies,
inflammationinduced retinal degenerative disease,
X-linked juvenile retinoschisis, glaucoma, Malattia
Leventinese (ML) and Doyne honeycomb retinal
dystrophy. 49. A method of ameliorating macular
degeneration in a subject in need thereof, the method
comprising (a) administering to the subject GM-CSF
and/or Stem Cell Factor, wherein the administration
mobilizes a bone marrow derived stem cell in the
subject; (b) inducing heat shock in an ocular tissue
by administering a subthreshold laser treatment or
agent; and(c) recruiting the bone marrow derived stem
cell to the ocular tissue, thereby ameliorating the
macular degeneration. 50. The method of claim 49,
wherein the agent is selected from the group
consisting of geldanamycin, celastrol,
17-allylamino-17-demethoxygeldanamycin, EC102,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71. 51. The method of any one of claims
1-49, wherein the agent is administered by
intravitreal or retro-orbital injection. 52. The
method of claim 49, wherein the administration induces
cellular repair of the RPE layer. 53. The method of
any one of claims 1-49, wherein the method further
comprises administering a vector encoding a
therapeutic polypeptide. 54. The method of any one of
claims 1-49, wherein the method further comprises
administering a substantially purified stem cell to
the subject. 55. The method of any one of claim 1-49,
wherein the stem cell is administered locally by
intravitreal or retro-orbital infection. 56. A
pharmaceutical composition for stem cell recruitment,
the composition comprising an effective amount of a
small compound selected from the group consisting of 



geldanamycin, celastrol,
17-allylamino-17-demethoxygeldanamycin, ECl 02,
radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71 in a pharmaceutically acceptable
excipient, the composition formulated for ocular
delivery. 57. A pharmaceutical composition for stem
cell recruitment in an ocular tissue, the composition
comprising an expression vector comprising a
polynucleotide encoding a heat shock polypeptide in a
pharmaceutically acceptable excipient, the composition
formulated for ocular delivery.58. The pharmaceutical
composition of claim 54, wherein heat shock
polypeptide is selected from the group consisting of
HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40. 59. A
pharmaceutical composition for stem cell recruitment
in an ocular tissue, the composition comprising a
polypeptide selected from the group consisting of
HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40 in a
pharmaceutically acceptable excipient. 60. A kit
comprising an effective amount of an agent that
induces a heat shock response in an ocular tissue, and
instructions for using the kit to increase stem cell
recruitment. 6 1. The kit of claim 60, wherein the
agent is a polypeptide, a polynucleotide, or a small
compound. 62. The kit of claim 60, wherein the
polypeptide is HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40.
63. The kit of claim 60, wherein the polynucleotide
encodes HsplOO, Hsp90, Hsp70, Hsp60, and Hsp40. 64.
The kit of claim 60, wherein the small compound is
selected from the group consisting of geldanamycin,
celastrol, 17-allylamino-17-demethoxygeldanamycin,
EC102, radicicol, geranylgeranylacetone, paeoniflorin,
PU-DZ8, and H-71. 65. A method of identifying an agent
that increases stem cell recruitment in an ocular
tissue, the method comprising: (a) contacting an
ocular cell with a test compound; (b) identifying an
increase in the expression or activity of a heat shock
polypeptide relative to an untreated ocular cell,
thereby identifying a compound that increases stem
cell recruitment. 66. A method of identifying an agent
that increases stem cell recruitment in an ocular
tissue, the method comprising: (a) contacting an
ocular cell with a test compound; (b) identifying an
increase in the number of stem cells in the tissue. 


