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Figure 11A
HspA12B amino acid sequence

MLAVPEMGLQGLYIGSSPERSPVPSPPGSPRTQESCGIAPLTPSQSPKPEVRA
PQQASFSVVVAIDFGTTSSGYAFSFASDPEAIHMMRKWEGGDPGVAHQKTPT
CLLLTPEGAFHSFGYTARDYYHDLDPEEARDWLYFEKFKMKIHSATDLTLKTQL
EAVNGKTMPALEVFAHALRFFREHALQELREQSPSLPEKDTVRWVLTVPAIWK
QPAKQFMREAAYLAGLVSRENAEQLLIALEPEAASVYCRKLRLHQLLDLSGRAP
GGGRLGERRSIDSSFRQAREQLRRSRHSRTFLVESGVGELWAEMQAGDRYVV
ADCGGGTVDLTVHQLEQPHGTLKELYKASGGPYGAVGVDLAFEQLLCRIFGED
FIATFKRQRPAAWVDLTIAFEARKRTAGPHRAGALNISLPFSFIDFYRKQRGHNV
ETALRRSSVNFVKWSSQGMLRMSCEAMNELFQPTVSGIIQHIEALLARPEVQG
VKLLFLVGGFAESAVLQHAVQAALGARGLRVVVPHDVGLTILKGAVLFGQAPGV
VRVRRSPLTYGVGVLNRFVPGRHPPEKLLVRDGRWCTDVFERFVAAEQSVAL
GEEVRRSYCPARPGQRRVLINLYCCAAEDARFITDPGVRKCGALSLELEPADC
GQDTAGAPPGRREIRAAMQFGDTEIKVTAVDVSTNRSVRASIDFLSN
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Figure 11A (continued)

HspA12B nucleic acid sequence

1 geggecgecy cagegggeac ggecaacgag ctgegggece gggategegg cggetggacg
61 gggctggage tgtcgggagg geggagcetac agggectgea aggatgttgg cigtceegga
121 gatgggcctg caggggctgt acateggetc cageceggag cggtcceeag tgoctagece
181 acceggctee ccgaggacee aggaaagetg cggeattgee ceccteacac cetegeagtce
241 tccaaaacce gaggtccgag ccceccagea ggcectectic tctgtggtgg tggccattga
301 cticggcace acgtetagty getatgcittt cagettigee agtgaccety aggecatcca
361 catgatgagg aaatgggagg gcggagacce gggegtggee caccagaaga ceecgaccty
421 cctgeigetg actccggagg gegecticea cagettigge tacaccgece gegattacta
481 ccatgaccty gaccccgaag aggegeggga ctggetctac ttegagaagt tecaagatgaa
541 gatccacage gecacggate tcaccligaa gacccageta gaggcagtaa atggaaagac
601 gatgcccgee ciggaggtgt tegeccatge cetgegetic ticagggage acgececttea
661 ggagctgagg gagcagagcec catcgetgcc agagaaggac actgtgeget gggtgtigac
721 ggtgcctgec aictggaaac agccagcecaa geagttcaty cgggaggctg cotacctgge
781 tggactagtg tccegagaga atgcagagcea getacteate gecctggage cegaggecge
841 cteggtatac tgccgeaage tgegectgca ceagetocty gacctgagty gecgggecce
901 aggtggtggg cgcctgogty agegeegete catcgactce ageticegtc aggetcggga
961 gcagctgcga aggtecegee acagecgeac gttectggty gagteaggeg taggagaget
1021 gtgggcagag atgcaageag gagaccgcta cgtggtggee gactgeggeg gaggeacegt
1081 ggacctgacg gtgcaccage tggageagee ccatggeace ctcaaggagc tetacaagge
1141 atctgggggc cettatggeg cggtgggegt ggacctggec ttcgageage tgetgigeeg
1201 catcticgge gaggacttca togecacctt caaaaggcaa cggecggeag cotgggtaga
1261 tctgaccatc gecticgagg ctcgeaageg cactgetgge ceacaccgtg caggggeget
1321 caacatcteg ctgocctict cetteattga cttctaccge aagcageggg gecacaacgt
1381 ggagaccgct ctgcgeagga geagegtgaa cttcgtgaag tggtectcac aggggatget
1441 ccgaatgtct tgtgaagecea tgaacgagct ctttcagece accgtcageg ggatcatcea
1501 gcacatagag gecctgetgg cacggecgga ggtgcagggt gtgaagcige tgttcctagt
1561 gggeggcttc gecgagtcag cggtgetgea geacgeggty caggeggege tgggegecey
1621 cggtetgegt gtegtggice cgcacgacgt gggecteace atcctcaaag gegeggtget
1681 gttcggecag gegecgggeg tggtgegggt cegecgeteg cegeteacct atggegtggg
1741 cgtgcteaac cgctitgtge cigggegeca cecgecegaa aagetgetgg ttegegacgg
1801 ccgeegetgg tgcaccgacy tettegageg cttegtggee gecgageagt cggtogecct
1861 gggcgaggag gtgcggegea getactgeece ggegegteee ggecagegge gegtacteat
1921 caacctgtac tgctgcgegg cagaggatge gegcettcate accgaceecg gegtgegeaa
1981 atgeggegeg ctcagecteg agetigagee cgecgactge ggecaggaca cegecggege
2041 gecteecgge cgoecgegaga tecgegecege catgeagtit ggcgacacey aaattaaggt
2101 caccgecegte gacgtcagcea ccaatcgcete cgtgegegeg tecatecgact tictticcaa
2161 ctgagggege gecggegegg tgecagegec gtetgeeegg coeegeccte titeggtica
2221 ggggectgeg gagegggtig gggcgoggga aacgatagtt ctgeagtetg cgeettteca
2281 cgecctecag ccceggggga gataaggtea tgggagagty ggtggggaca cacccagaga
2341 ctggctitgg gattgggeac tggtcegetg actgccagge tgaagggace cgecaaggac
2401 fgaacgggta agagaagagg ttigcaagac agagegegea geccggcaag gggeatgtga
2461 ccccgaagga agaacgcaac agaagagtcc tggtctgaac ttggccgagt aggggtaggg
2521 gtgggatggc aggaggagee geaggaggaa ggaggtigty cagggtctgg acctgeaggg
2581 ctgaagttca ctcatcgacc gactcagece caaccgggag ccaggcagaa aaaccctgtg
2641 ccgtaggaaa gigactggaa gtggactcea gagggacagg tgtggtoggea cagtectggt
2701 gtggtgctga ccacccaaat atgactgtga attgtggaaa gggcagtaga tetetaatgt ,
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Figure 11A (continued)

HspA12B nucleic acid sequence (continued)

2761 ggagotggga acattatigt gotggaggea attatgaggg tageatttet ttcgagacaa

2821 aacacccgtc tgggaaggec ccaaggtcag cttatgaagg accecactty caccccacce
2881 cagccatgga agagcagctg gagggatggat gogggaggeca gagggagcaa tgagaggtog
2941 tcccagetct getattgact cggtatgect ttaggacatt clettaccge teatgggect

3001 cagtttccta aagtgtgaaa tgtcaggeac ticcetctaa ctggeatgea acageccecac

3061 ctgcetgaga geccigaggt gacaataaaa catttatget caaggggaa
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Figure 11
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FIGURE 11
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METHODS AND COMPOSITIONS FOR THE
TREATMENT AND DIAGNOSIS OF
ENDOTHELIAL CELL DISORDERS AND
ANGIOGENIC DISORDERS

BACKGROUND OF THE INVENTION

[0001] In general, the invention relates to methods and
compositions for the treatment and diagnosis of endothelial
disorders and angiogenic disorders.

[0002] Angiogenesis is the formation of new blood vessels
from pre-existing vessels. This multi-step process involves
signaling to endothelial cells, which results in (1) dissolution
of the membrane of the originating vessel, (2) migration and
proliferation of the endothelial cells, and (3) formation of a
new vascular tube by the migrating cells. While this process is
employed by the body in beneficial physiological events such
as wound healing, the cyclic build-up of the endometrial
lining after menses, and myocardial infarction repair, itis also
involved in pathological conditions such as cancer and cancer
metastasis; atherosclerosis; inflammatory conditions, such as
chronic inflammation and rheumatoid arthritis; pathologic
dermatological processes, such as dermatitis, psoriasis,
hemangiomas, and Kaposi’s sarcoma; as well as eye diseases
such as ocular neovascular diseases, diabetic retinopathy, and
macular degeneration.

[0003] Inaddition to their role in angiogenesis, endothelial
cells are also involved in maintaining vascular health. Endot-
helial cells form flat, pavement-like patterns on the inside of
the vessels and at the junctions between cells there are over-
lapping regions of endothelial cells, which help to seal the
vessel. Endothelial cells are selective filters which regulate
the passage of gases, fluid and various molecules across their
cell membranes. Different organs have different types of
endothelium: some leaky and some very tightly bound.
[0004] Endothelial cell health is critical to the maintenance
of vascular health and vascular diseases are often caused by
injury to the endothelial cells. Once the endothelium is
injured, large molecules (e.g., macrophages, lipid, and cho-
lesterol) are allowed to escape through the endothelium and
form deposits in the smooth muscle cells in the arterial wall.
Macrophages also pass through and accumulate fat (lipid and
cholesterol) deposits. The most common form of endothelial
cell disease is arteriosclerosis, where the deposition of cho-
lesterol in the sub-endothelial layer of arteries contributes to
the pathogenesis of the disease. This process is very slow, but
there is a gradual accumulation of this fatty and fibrous mate-
rial which not only makes the normally elastic artery sclerotic
but the deposits, known as “plaques” may lead to a narrowing
of the artery and facilitate the formation of a blood clot or a
thrombosis. Myocardial infarction and stroke are additional
consequences that result from endothelial cell injury or a
disruption to the endothelial layers of the arteries.

[0005] Endothelial cells are also involved in regulation of
inflammatory pathways via regulation of cytokines and the
cytokine pathways. For example, during rheumatoid arthritis,
endothelial cells become activated and express adhesion mol-
ecules and chemokines, leading to leukocyte migration from
the blood into the tissue. Endothelial cell permeability
increases, leading to edema formation and swelling of the
joints.

[0006] Maintenance of endothelial cell health and the
angiogenic balance is critical to the prevention of diseases
and disorders that are caused by or related to endothelial
disorders or inappropriate angiogenesis. Therefore, methods
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that maintain and promote endothelial cell health and that
maintain the angiogenic balance within an organism are
needed for the treatment and prevention of a variety of patho-
genic processes associated with inappropriate angiogenesis
and endothelial cell injury or dysfunction.

SUMMARY OF THE INVENTION

[0007] We have discovered that HspA12B, the mammalian
orthologue of the zebrafish GA2692 protein and distant mem-
ber of the heat shock 70 (HSP70) family, is a highly endot-
helial cell specific protein that is critical for angiogenesis and
endothelial cell function during development. We have also
discovered that reducing the levels of HspA12B in human
cells blocked wound healing, migration, and tube formation
while overexpression of HspA12B enhanced migration and
hastened wound healing. Accordingly, the present invention
features HspA12B agonist compounds and the use of
HspA12B agonist compounds for promoting endothelial cell
health and for treating and preventing endothelial cell disor-
ders in a subject. The present invention also features
HspA12B antagonist compounds and the use of HspA12B
antagonist compounds for the treating or preventing angio-
genic disorders in a subject. The invention also features diag-
nostic methods that include the use of HspA12B nucleic acid
molecules, polypeptides, and antibodies for the diagnosis of
angiogenic disorders or endothelial cell disorders.

[0008] Accordingly, in a first aspect, the invention features
a method of treating or preventing an angiogenic disorder in
a subject (e.g., a mammal), that includes administering to the
subject a therapeutically effective amount of an HspA12B
antagonist compound in an amount and for a time sufficient to
treat or prevent the angiogenic disorder in the subject. Pre-
ferred HspA12B antagonist compounds can reduce or inhibit
(e.g., by atleast 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% or more) the expression levels or biological activity ofan
HspA12B protein or nucleic acid. HspA12B polypeptide bio-
logical activity includes ATPase activity, heat shock protein
or chaperone activity, substrate binding, HspA12B-mediated
phosphorylation of Akt, HspA12B-mediated activation of
nitric oxide, and promoting endothelial cell health.

[0009] Inpreferred embodiments the HspA12B antagonist
compounds specifically binds HspA12B, for example at the
ATP binding domain or the substrate-binding domain of
HspA12B. In one example, the compound is an antibody or
antigen-binding fragment thereof that specifically binds
HspA12B. The antibody or antigen-binding fragment can be
a monoclonal antibody, a polyclonal antibody, a single-chain
antibody, a chimeric antibody, a humanized antibody, a fully
humanized antibody, a human antibody, a bispecific antibody,
or any other antibody, fragment, or derivative thereof that
specifically binds to HspA12B.

[0010] In another preferred embodiment, the HspAl12B
antagonist compound is an antisense nucleobase oligomer
complementary to at least a portion of an HspA12B nucleic
acid molecule (e.g., the human HspA12B sequence as set
forth in SEQ ID NO: 2). Desirably, the antisense nucleobase
oligomer is 8 to 30 nucleotides in length and is complemen-
tary to at least 8, preferably 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, or 30 nucleotides of HspA12B.

[0011] Inyetanother preferred embodiment, the HspAl12B
antagonist compound is a morpholino oligomer that is
complementary to at least a portion of an HspA12B nucleic
acid molecule (e.g., the human HspA12B sequence as set
forth in SEQ ID NO: 2).
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[0012] Inyetanother preferred embodiment, the HspA12B
antagonist compound is a small RNA having at least one
strand that is at least 80%, preferably 85%, 90%, 95%, 99%,
or 100% complementary to at least a portion of an HspA12B
nucleic acid sequence (e.g., the human HspA12B sequence as
set forth in SEQ 1D NO: 2), or a complementary sequence
thereof. The small RNA can be either single-stranded or
double-stranded and is at least 15 nucleotides, preferably, 17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,
or 35, nucleotides in length and even up to 50 or 100 nucle-
otides in length (inclusive of all integers in between). Prefer-
ably, the small RNA is 19 to 25 nucleotides in length and is
capable of mediating RNAi. Small RNA includes siRNA,
microRNA, or shRNA molecules.

[0013] In preferred embodiments of the first aspect, the
angiogenic disorder is characterized by excessive prolifera-
tion, migration, or excess survival of endothelial cells.

[0014] Non-limiting examples of angiogenic disorders that
can be treated or prevented by the methods of the invention
include cancer, infectious diseases, autoimmune disorders,
vascular malformations, DiGeorge syndrome, HHT, cavern-
ous hemangioma, atherosclerosis, transplant arteriopathy,
vascular access stenosis associated with hemodialysis, vas-
culitis, vasculitidis, obesity, psoriasis, warts, allergic derma-
titis, scar keloids, pyogenic granulomas, blistering disease,
Kaposi sarcoma, persistent hyperplastic vitreous syndrome,
retinopathy of prematurity, choroidal neovascularization,
macular degeneration, diabetic retinopathy, ocular neovascu-
larization, primary pulmonary hypertension, states of
reduced blood pressure, asthma, nasal polyps, inflammatory
bowel and periodontal disease, ascites, peritoneal adhesions,
contraception, endometriosis, uterine bleeding, ovarian cysts,
ovarian hyperstimulation, arthritis, rheumatoid arthritis,
synovitis, osteomyelitis, and osteophyte formation.

[0015] 1In asecond aspect, the invention features a method
for treating or preventing an endothelial cell disorder in a
subject (e.g.,a mammal) in need thereof, that includes admin-
istering to the subject a therapeutically effective amount of an
HspA12B agonist compound in an amount and for a time
sufficient to treat or prevent the endothelial cell disorder in the
subject. HspA12B agonist compounds useful in this aspect of
the invention will increase (e.g., by at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or more) the expression
levels or biological activity of an HspA12B protein or nucleic
acid. HspAl2B polypeptide biological activity includes
ATPase activity, heat shock protein or chaperone activity,
substrate binding, HspA12B-mediated phosphorylation of
Akt, HspA12B-mediated activation of nitric oxide biological
activity or expression levels, and promoting endothelial cell
health.

[0016] In one embodiment, the HspA12B agonist com-
pound is a purified HspA12B polypeptide or biologically
active fragment thereof. Preferably the biologically active
fragment of HspA12B includes the ATP binding domain or
the substrate binding domain of HspA12B.

[0017] Inanotherembodiment, the HspA12B agonist com-
pound is an isolated HspA12B nucleic acid molecule, or
fragment thereof, encoding an HspA12B polypeptide, or a
biologically active fragment thereof.

[0018] In yet another embodiment, the HspA12B agonist
compound is a growth factor (e.g., VEGF, Ang-1, Ang-2,
bFGE, or P1GF) that increases the biological activity or
expression level of HspA12B.
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[0019] Endothelial disorders that can be treated or pre-
vented by the methods of the invention include any endothe-
lial disorder that is characterized by insufficient angiogenesis,
hypertension, vasoconstriction, vascular leak, altered vaso-
motor tone, hypercoagulation, anti-inflammatory properties,
and poor endothelial cell health. Non-limiting examples of
endothelial disorders include Alzheimer’s disease, amyo-
trophic lateral sclerosis, diabetic neuropathy, stroke, athero-
sclerosis, diabetes, restenosis, coronary artery disease,
peripheral vascular disease, vascular leak, vasculitis, vascu-
litidis, Wegner’s disease, gastric or oral ulcerations, cirrhosis,
hepatorenal syndrome, Crohn’s disease, hair loss, skin pur-
pura, telangiectasia, venous lake formation, delayed wound
healing, pre-eclampsia, sepsis, ischemia-reperfusion injury,
hypertension, chronic or acute infection, menorrhagia, neo-
natal respiratory distress, pulmonary fibrosis, emphysema,
nephropathy, glomerulonephritis, sclerodoma, and vascular
abnormalities.

[0020] Inathird aspect, the invention features a method for
promoting endothelial cell heath in a subject (e.g.,a mammal)
in need thereof, that includes administering to the subject a
therapeutically effective amount of an HspA12B agonist
compound in an amount and for a time sufficient to promote
endothelial cell health in the subject. Endothelial cell health
can be measured by any of the following criteria: endothelial
cell proliferation, prevention or inhibition of endothelial cell
death or senescence, the ability to form a barrier and prevent
the movement of molecules and cells through the barrier, the
ability to maintain anti-coagulation function, and the ability
to maintain vascular tone. An HspA12B agonist compound
useful in this aspect of the invention is any HspA12B com-
pound that can increase or that can bring to levels comparable
to those found for a normal endothelial cell any of the criteria
for endothelial cell health. Preferably, the HspA12B agonist
compound promotes neovascularization in the subject.

[0021] In one embodiment, the HspA12B agonist com-
pound is a purified HspA12B polypeptide or biologically
active fragment thereof. Preferably the biologically active
fragment of HspA12B includes the ATP binding domain or
the substrate binding domain of HspA12B.

[0022] Inanother embodiment, the HspA12B agonist com-
pound is an isolated HspA12B nucleic acid molecule encod-
ing an HspA12B polypeptide, or a biologically active frag-
ment thereof.

[0023] In yet another embodiment, the HspA12B agonist
compound is a growth factor (e.g., VEGF, Ang-1, Ang-2,
bFGE, or PIGF) that increases the biological activity or
expression level of HspA12B.

[0024] Ina fourth aspect, the invention features a method of
diagnosing a subject as having or having a propensity to
develop an angiogenic or endothelial cell disorder, that
includes determining the level of an HspA12B polypeptide,
HspA12B nucleic acid, or fragments thereof, in a sample
from the subject relative to a reference sample or level,
wherein an alteration in the subject levels relative to the
reference sample or level is diagnostic of an angiogenic or
endothelial cell disorder or a propensity to develop an angio-
genic or endothelial cell disorder in the subject. An increasein
the level of an HspA12B polypeptide, HspA12B nucleic acid,
or fragments thereof, is an indicator of an angiogenic disorder
in the subject. A decrease in the level of an HspAl12B
polypeptide, HspA12B nucleic acid, or fragments thereof, is
an indicator of an endothelial cell disorder in the subject.
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[0025] In one embodiment, the level of an HspAl2B
polypeptide is measured using an immunological assay,
enzymatic assay, or colorimetric assay.

[0026] In a fifth aspect, the invention features a method of
diagnosing a subject as having or having a propensity to
develop an angiogenic disorder or an endothelial cell disor-
der, that includes determining the level of an antibody, or a
fragment thereof, that specifically binds HspA12B in a blood
or serum sample from the subject relative to a reference level,
wherein an alteration in the subject levels compared to the
reference level is diagnostic of an angiogenic disorder or an
endothelial cell disorder or a propensity to develop an angio-
genic disorder or an endothelial cell disorder in the subject.
An increase in the level of an antibody that specifically binds
HspA12B, or antigen-binding fragments thereof, is an indi-
cator of an angiogenic disorder in the subject. A decrease in
the level of an antibody that specifically binds HspA12B, or
antigen-binding fragments thereof, is an indicator of an
endothelial cell disorder in the subject.

[0027] In one embodiment, the level of the antibody, or
fragment thereof, that specifically binds HspA12B includes
the use of an immunological assay and an HspA12B polypep-
tide, or fragment thereof, as a substrate.

[0028] In asixth aspect, the invention features a method of
monitoring the endothelial cell health of a subject, that
includes measuring the level of an HspA12B polypeptide,
nucleic acid, HspA12B specific antibody, or fragments
thereof'in a sample from the subject, and comparing the level
10 a reference sample or level, wherein an alteration in the
level is an indicator of a change in the endothelial cell health
of the subject.

[0029] TInone embodiment, the method is used to monitor a
subject during treatment for an angiogenic or endothelial cell
disorder. In another embodiment, the method is used to moni-
tor a subject at risk for an angiogenic or endothelial cell
disorder (e.g., atherosclerosis).

[0030] In preferred embodiments of any of the diagnostic
or monitoring aspects of the invention, the sample is a bodily
fluid (e.g., serum, blood, plasma, or urine) a tissue, or a cell
from the subject.

[0031] In a seventh aspect, the invention features a kit for
the diagnosis of an angiogenic disorder or an endothelial cell
disorder, that includes an HspAl12B binding protein and
instructions for the use of the HspA12B binding protein for
the diagnosis of an angiogenic disorder or an endothelial cell
disorder in a subject. In one embodiment, the HspA12B bind-
ing protein is an antibody, or an antigen binding fragment
thereof. In another embodiment, the kit also includes compo-
nents for measuring the level of the HspA12B protein, such as
components for an ELISA or immunoassay.

[0032] In an eighth aspect, the invention features a kit for
the diagnosis of an angiogenic disorder or an endothelial cell
disorder, that includes a nucleic acid complementary to at
least a portion of HspA12B, wherein the nucleic acid mol-
ecules hybridizes at high stringency to HspAl12B, and
instructions for the use of the nucleic acid for the diagnosis of
an angiogenic disorder or an endothelial cell disorder in a
subject.

[0033] 1In aninth aspect, the invention features a kit for the
diagnosis of an angiogenic disorder or an endothelial cell
disorder, thatincludes a polypeptide that specifically binds an
HspA12B antibody or fragment thereof, and instructions for
the use of said nucleic acid for the diagnosis of an angiogenic
disorder or an endothelial cell disorder in a subject.
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[0034] In one embodiment of the above aspects, the kit is
used to monitor an angiogenic disorder or an endothelial cell
disorder in a subject. In another embodiment, the kit is used to
monitor the treatment of a subject for an angiogenic disorder
or an endothelial cell disorder.

[0035] Ina tenth aspect, the invention features a method of
identifying a compound for the treatment of an angiogenic
disorder or an endothelial cell disorder, that includes contact-
ing a cell that expresses an HspA12B polypeptide with a
candidate compound, and comparing the level of expression
of the polypeptide in the cell contacted by the compound with
the level of expression in a control cell not contacted by the
candidate compound, wherein an alteration in expression of
the HspA12B polypeptide identifies the candidate compound
as a compound for the treatment of an angiogenic disorder or
an endothelial cell disorder.

[0036] An increase in the expression of the HspAl2B
polypeptide identifies the compound as a compound useful
for the treatment of an endothelial cell disorder. A decrease in
the expression of the HspA12B polypeptide identifies the
compound as a compound useful for the treatment of an
angiogenic disorder.

[0037] In an eleventh aspect, the invention features a
method of identifying a compound for the treatment of an
angiogenic disorder or an endothelial cell disorder, that
includes contacting a cell that expresses an HspA12B nucleic
acid with a candidate compound, and comparing the level of
expression of the HspA12B nucleic acid in the cell contacted
by the compound with the level of expression in a control cell
not contacted by the candidate compound, wherein an alter-
ation in expression of the HspA12B nucleic acid identifies the
candidate compound as a compound for the treatment of an
angiogenic disorder or an endothelial cell disorder.

[0038] An increase in the expression of the HspAl2B
nucleic acid molecule identifies the compound as a com-
pound useful for the treatment of an endothelial cell disorder.
A decrease in the expression of the HspA12B nucleic acid
molecule identifies the compound as a compound useful for
the treatment of an angiogenic disorder.

[0039] Ina twelfth aspect, the invention features a method
of identifying a compound for the treatment of an angiogenic
disorder or an endothelial cell disorder, that includes contact-
ing a cell that expresses an HspA12B polypeptide with a
candidate compound, and comparing the biological activity
of the HspA12B polypeptide in the cell contacted by the
compound with the biological activity in a control cell not
contacted by the candidate compound, wherein an alteration
in the biological activity of the HspA12B polypeptide iden-
tifies the candidate compound as a compound for the treat-
ment of an angiogenic disorder or an endothelial cell disorder.
An increase in the biological activity of the HspAl2B
polypeptide identifies the compound as a compound useful
for the treatment of an endothelial cell disorder. A decrease in
the biological activity of the HspA12B polypeptide identifies
the compound as a compound useful for the treatment of an
angiogenic disorder.

[0040] Desirably, the HspAl2B biological activity
includes one or more of the following: ATPase activity, heat
shock protein or chaperone activity, substrate binding,
HspA12B-mediated phosphorylation of Akt, HspA12B-me-
diated activation of nitric oxide, and promoting endothelial
cell health.

[0041] By “angiogenesis” is meant the formation of new
blood vessels and/or the increase in the volume, diameter,
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length, or permeability of existing blood vessels, such as
blood vessels in a tumor or between a tumor and surrounding
tissue. Angiogenesis is associated with a variety of neoplastic
and non-neoplastic disorders.

[0042] By “angiogenic disorder” is meant a disease associ-
ated with excessive or insufficient blood vessel growth, an
abnormal blood vessel network, and/or abnormal blood ves-
sel remodeling. For example, insufficient vascular growth can
lead to decreased levels of oxygen and nutrients, which are
required for cell survival. Non-limiting examples of angio-
genic disorders are cancers which require neovascularization
1o support tumor growth, infectious diseases, autoimmune
disorders, vascular malformations, DiGeorge syndrome,
HHT, cavernous hemangioma, atherosclerosis, transplant
arteriopathy, vascular access stenosis associated with hemo-
dialysis, vasculitis, vasculitidis, obesity, psoriasis, warts,
allergic dermatitis, scar keloids, pyogenic granulomas, blis-
tering disease, Kaposi sarcoma, persistent hyperplastic vitre-
ous syndrome, retinopathy of prematurity, choroidal neovas-
cularization, macular degeneration, diabetic retinopathy,
ocular neovascularization, primary pulmonary hypertension,
asthma, nasal polyps, inflammatory bowel and periodontal
disease, ascites, peritoneal adhesions, contraception,
endometriosis, uterine bleeding, ovarian cysts, ovarian hyper-
stimulation, arthritis, rheumatoid arthritis, chronic articular
rheumatism, synovitis, osteoarthritis, osteomyelitis, and
osteophyte formation.

[0043] By “anti-cancer therapy” is meant any therapy
intended to prevent, slow arrest or reverse the growth of a
cancer or a cancer metastases. Generally, an anti-cancer
therapy will reduce or reverse any of the characteristics that
define the cancer cell (see Hanahan et al., Cell 100:57-50,
2000). Most cancer therapies target the cancer cell by slow-
ing, arresting, reversing, decreasing the invasive capabilities,
or decreasing the ability of the cell to survive the growth of a
cancer cell. Additional anti-cancer therapies can target non-
cancer cells including immune cells, endothelial cells, fibro-
blasts, immune and inflammatory cells or the extracellular
matrix in the tumor microenvironment. Anti-cancer therapies
include, without limitation, surgery, radiation therapy (radio-
therapy), biotherapy, immunotherapy, chemotherapy, or a
combination of these therapies.

[0044] By “antisense nucleobase oligomer” is meant a
nucleobase oligomer, regardless of length, that is comple-
mentary to at least a portion of the coding strand or mRNA of
an HSPA12B gene. By a “nucleobase oligomer” is meant a
compound that includes a chain of at least eight nucleobases,
preferably at least twelve, and most preferably at least sixteen
bases, joined together by linkage groups. Included in this
definition are natural and non-natural oligonucleotides, both
modified and unmodified, as well as oligonucleotide mimet-
ics such as Protein Nucleic Acids, locked nucleic acids, and
arabinonucleic acids. Numerous nucleobases and linkage
groups may be employed in the nucleobase oligomers of the
invention, including those described in U.S. Patent Publica-
tion Nos. 20030114412 (see for example paragraphs 27-45 of
the publication) and 20030114407 (see for example para-
graphs 35-52 of the publication), incorporated herein by ref-
erence. The nucleobase oligomer can also be targeted to the
translational start and stop sites. Preferably the antisense
nucleobase oligomer comprises from about 8 to 30 nucle-
otides. The antisense nucleobase oligomer can also contain at
least 40, 60, 85, 120, or more consecutive nucleotides that are
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complementary to HspA12B mRNA or DNA, and may be as
long as the full-length mRNA or gene.

[0045] By “chemotherapy” is meant the use of a chemical
agent to destroy a cancer cell, or to slow, arrest, or reverse the
growth of a cancer cell.

[0046] By “chemotherapeutic agent” is meant a chemical
that may be used to destroy a cancer cell, or to slow, arrest, or
reverse the growth of a cancer cell. Chemotherapeutic agents
include, without limitation, asparaginase, bleomycin, busul-
fan carmustine (commonly referred to as BCNU), chloram-
bucil, cladribine (commonly referred to as 2-CdA), CPT11,
cyclophosphamide, cytarabine (commonly referred to as Ara-
C), dacarbazine, daunorubicin, dexamethasone, doxorubicin
(commonly referred to as Adriamycin), etoposide, fludara-
bine, 5-fluorouracil (commonly referred to as 5FU), hydrox-
yurea, idarubicin, ifosfamide, interferon-a (native or recom-
binant), levamisole, lomustine (commonly referred to as
CCNU), mechlorethamine (commonly referred to as nitrogen
mustard), melphalan, mercaptopurine, methotrexate, mito-
mycin, mitoxantrone, paclitaxel, pentostatin, prednisone,
procarbazine, tamoxifen, taxol-related compounds,
6-thiogaunine, topotecan, vinblastine, and vincristine.

[0047] By “compound” is meant any small molecule
chemical compound, antibody, nucleic acid molecule,
polypeptide, or fragments thereof.

[0048] By “endothelial cell disorder” is meant a condition
or disease associated with any one or more of the following:
insufficient angiogenesis, hypertension, vascular leak, altered
vasomotor tone, vasoconstriction, hypercoagulation, and
anti-inflammatory properties. Non-limiting examples of
endothelial cell disorders include Alzheimer’s disease, amyo-
trophic lateral sclerosis, diabetic neuropathy, stroke, athero-
sclerosis, diabetes, restenosis, coronary artery disease,
peripheral vascular disease, vascular leak, vasculitis, vascu-
litidis, Wegner’s disease, gastric or oral ulcerations, cirrhosis,
hepatorenal syndrome, Crohn’s disease, hair loss, skin pur-
pura, telangiectasia, venous lake formation, delayed wound
healing, pre-eclampsia, sepsis, ischemia-reperfusion injury,
hypertension, chronic or acute infection, menorrhagia, neo-
natal respiratory distress, pulmonary fibrosis, emphysema,
nephropathy, glomerulonephritis, sclerodoma, and vascular
abnormalities. Endothelial cell health is measured by any of
the following criteria: endothelial cell proliferation and pre-
vention or inhibition of senescence or endothelial cell death;
the ability to form a barrier and prevent the movement of
molecules and cells through the barrier; the ability to main-
tains anti-coagulation function; and the ability to maintain
vascular tone. An endothelial cell that is considered healthy
will have normal levels (i.e., alevel equivalent to that found in
a normal endothelial cell) of any of the above parameters for
endothelial cell function.

[0049] By “effective amount” is meant an amount sufficient
to prevent or reduce any of the disorders of the invention
including angiogenic disorders, endothelial cell disorders or
any symptom associated with the disorder. It will be appre-
ciated that there will be many ways known in the art to
determine the therapeutic amount for a given application. For
example, the pharmacological methods for dosage determi-
nation may be used in the therapeutic context.

[0050] By “expression” is meant the detection of a gene or
polypeptide by standard art known methods. For example,
polypeptide expression is often detected by western blotting
or ELISA; DNA expression is often detected by Southern
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blotting or polymerase chain reaction (PCR); and RNA
expression is often detected by Northern blotting, PCR, or
RNAse protection assays.

[0051] By “fragment” is meant a portion ofa polypeptide or
nucleic acid molecule that contains, preferably, at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
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,
1000, 1100, 1200, 1500, 1800, 2000, 2100, 2200, 2500, 2600,
2700, 2800, 3000, or more nucleotides or 10, 20, 30, 40, 50,
60, 70. 80, 90, 100, 120, 140, 160, 180, 190, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, or more up to 686 amino
acids. Preferred fragments of HspA12B useful as HspA12B
agonist compounds will have HspA12B biological activity
(e.g., substrate binding, ATPase activity, promoting endothe-
lial cell migration, promoting endothelial cell tube formation,
activation of nitric oxide, and inducing phosphorylation Akt)
and may include, for example, the substrate binding domain
orthe ATP binding domain. (Han et al., Proc. Natl. Acad. Sci.
100:1256-1261 (2003)). Preferred fragments of HspA12B
useful as HspA12B antagonist compounds will reduce or
inhibit HspA12B biological activity (see above).

[0052] By “heterologous” is meant any two or more nucleic
acid or polypeptide sequences that are not normally found in
the same relationship to each other in nature. For instance, the
nucleic acid is typically recombinantly produced, having two
or more sequences, e.g., from unrelated genes arranged to
make a new functional nucleic acid, e.g., a promoter from one
source and a coding region from another source. Similarly, a
heterologous polypeptide will often refer to two or more
subsequences that are not found in the same relationship to
each other in nature (e.g., a fusion protein).

[0053] By “homologous” is meant any gene or polypeptide
sequence that bears at least 30% homology, more preferably
40%, 50%, 60%, 70%, 80%, and most preferably 90%, 95%,
96%, 97%, 98%, 99%, or more homology to a known gene or
polypeptide sequence over the length of the comparison
sequence. A “homologous” polypeptide can also have at least
one biological activity of the comparison polypeptide. For
polypeptides, the length of comparison sequences will gen-
erally be at least 16 amino acids, preferably at least 20 amino
acids, more preferably at least 30, 40, 50, 60, 70, 80, 90, 100,
120, 140, 160, 180, 190, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 686 amino acids or more. For nucleic acids, the
length of comparison sequences will generally be at least 50
nucleotides, preferably at least 60, 70, 80, 90, 100, 150, 200,
250,300, 350, 400, 450, 500, 550, 600, 700, 800, 900, 1000,
1100, 1200, 1500, 1800, 2000, 2100, 2200, 2500, 2600, 2800,
3000 or more nucleotides or more. “Homology” can also refer
to a substantial similarity between an epitope used to generate
antibodies and the protein or fragment thereof to which the
antibodies are directed. In this case, homology refers to a
similarity sufficient to elicit the production of antibodies that
can specifically recognize the protein or polypeptide.

[0054] By “HspA12B” is meant a polypeptide, or a nucleic
acid sequence that encodes it, or fragments or derivatives
thereof, that is substantially identical or homologous to or
encodes any of the following amino acid sequences: amino
acid sequence of human HspA12B (SEQ ID NO: 1), mouse
(SEQ ID NO: 4), and rat (SEQ ID NO: 5). Preferred
HspA12B polypeptides will have HspA12B biological activ-
ity as described below. HspA12B nucleic acid molecules
encode an HspA12B polypeptide and preferably have sub-
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stantial identity to the nucleic acid sequence of SED ID NO:
2 (human). Accession numbers for exemplary HspAl12B
nucleic acid and polypeptide sequences are GenBank Acces-
sion Numbers BC011103 (mouse), BC110881 (human),
BC117284 (human), and NM_ 052970 (human). HspA12B
can also include fragments, derivatives, homologs, or analogs
of HspA12B that retain at least 25%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, or more
HspA12B biological activity.

[0055] The HspA12B polypeptides may be isolated from a
variety of sources, such as from mammalian tissue or cells
(e.g., endothelial cells such as HUVEC cells) or from another
source, or prepared by recombinant or synthetic methods.
The term “HspA12B” also encompasses modifications to the
polypeptide, fragments, derivatives, analogs, and variants of
the HspA12B polypeptide.

[0056] By “HspA12B biological activity” is meant the any
of the following activities: heat shock protein or chaperone
activity (e.g., binding to short stretches of hydrophobic pep-
tides and preventing the substrate from irreversible aggrega-
tion), ATPase activity, substrate binding, (Han et al., Proc.
Natl. Acad. Sci. 100:1256-1261 (2003)), Akt phosphoryla-
tion, activation of nitric oxide, and promoting endothelial cell
health. Assays for HspAl2B biological activity include
assays for chaperone activity, substrate binding, ATPase
activity, endothelial cell migration, matrigel tube formation
assays (for example, as described in U.S. Patent Application
Publication No. 20050025762 and PCT publication No.
W02005/077007), Akt phosphorylation assays, nitric oxide
activation assays as known in the art or described herein,
microangiograpy or visualization of circulation in an animal
model such as the zebrafish model described herein. Such
assays are described herein or known in the art (see for
example Carrello et al., Cell Stress Chaperones 9:167-181
(2004) and McLaughlin et al., J. Mol. Biol. 315:787-798
(2002)). “Endothelial cell health” is measured by any of the
following criteria: endothelial cell proliferation; prevention
or inhibition of senescence or cell death; endothelial cell
migration; ability to form a barrier and prevent the movement
of molecules and cells through the barrier; the ability to
maintain anti-coagulation function, and the ability to main-
tain vascular tone. An endothelial cell that is considered
healthy will have normal levels (i.e., a level equivalent to that
found in a normal endothelial cell) of any of the above param-
eters for endothelial cell function. Assays for endothelial cell
health include the following: endothelial cell survival assays,
cell proliferation assays (e.g., *H labeling assays, cell count-
ing assays), senescent [3-galactosidase assays to measure the
percent of the endothelial cells that are senescent, and barrier
function assays that include, for example, creating an endot-
helial cell monolayer using normal cells and cells where an
HspA12B antagonist has been added and then measuring the
leakiness in the monolayer of HspA12B cells as compared to
the normal cells using, for example, labeled dextran, or by
showing a decrease in VE-cadherin. Additional assays
include anti-coagulation assays for anti-coagulation function
and assays for markers of vascular tone, for example, activa-
tion of nitric oxide (e.g., phosphorylation of Ser1177 or
dephosphorylation of Thr495 by phosphoinositide 3-kinase
(PI3K), Akt, VEGF, TGF-p1). (See for example, Parikh et al.,
PloS Med. 3:¢46 (2006) e-publication ahead of print).

[0057] By “HspA12B agonist compound” is meant any
small molecule chemical compound (peptidyl or non-pepti-
dyl), agonistic antibody, nucleic acid molecule, polypeptide,
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or fragments thereof that increases the levels or biological
activity of HspA12B by at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% or more. Non-limiting examples of
HspA12B agonist compounds include HspA12B polypep-
tides or nucleic acid molecules, or fragments, derivatives,
homologs, or analogs thereof; agonistic antibodies; growth
factors that increase the biological activity or expression lev-
els of HspA12B (e.g., VEGE, angiopoietin 1, or angiopoietin
2); compounds that increase the half-life of HspA12B mRNA
or protein; compounds that increase the transcription or trans-
lation of HsPA12B; compounds that decrease the degradation
of HspA12B mRNA or protein; compounds that modify the
activity of HspA12B, for example to increase HspA12B bind-
ing to ATP or HspA12B binding to substrate or to increase
HspA12B-mediated phosphorylation of Akt or activation of
nitric oxide. HspA12B agonist compounds that increase the
biological activity of HspA12B can be identified using the
compound in any of the assays described above for HspA12B
biological activity and identifying a compound that shows at
least a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or
more increase in HspA12B activity as compared to a control
where the compound has not been added.

[0058] By “HspA12B antagonist compound” is meant any
small molecule chemical compound (peptidyl or non-pepti-
dyl), antibody, nucleic acid molecule, polypeptide, or frag-
ments thereof that reduces or inhibits the levels or biological
activity of HspA12B by at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90% or more. Non-liniting examples of
HspAl12B antagonist compounds include fragments of
HspA12B (e.g., dominant negative fragments or fragments
that are unable to bind ATP or substrate); peptidyl or non-
peptidyl compounds that specifically bind HspA12B (e.g.,
antibodies or antigen-binding fragments thereof), for
example at the ATP binding domain or substrate binding
domain of HspA12B; antisense nucleobase oligomers; small
RNA; small molecule inhibitors; compounds that decrease
the half-life of HspA12B mRNA or protein; compounds that
decrease transcription or translation of HspAl2B; com-
pounds that reduce or inhibit the expression levels (e.g., in
bodily fluids such as blood, serum, urine, plasma, etc.) of
HspA12B polypeptides or decrease the biological activity of
HspA12B polypeptides; compounds that increase the expres-
sion or biological activity of a HspA12B inhibitor (e.g., an
inhibitor that blocks binding to a substrate or ATP); and
compounds that block HspA12B-mediated phosphorylation
of Akt or activation of nitric oxide. HspA12B antagonist
compounds can be identified using the compound in any of
the assays described above for HspA12B biological activity
and 1dentifying a compound that shows at least a 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% or more decrease in
HspA12B activity as compared to a control where the com-
pound has not been added.

[0059] By “increase” is meant to augment, preferably by at
least 20%, more preferably by at least 50%, and most prefer-
ably by at least 70%, 75%, 80%, 85%, 90%, 95% or more.
Increase can refer, for example, to the symptoms of the dis-
order being treated or to the levels or biological activity of
HspA12B.

[0060] By “metric” is meant a measure. A metric may be
used, for example, to compare the levels of a polypeptide or
nucleic acid molecule of interest. Exemplary metrics include,
but are not limited to, mathematical formulas or algorithms,
such as ratios. The metric to be used is that which best dis-
criminates between levels of HspA12B polypeptide in a sub-
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ject having an angiogenic disorder or an endothelial disorder
and a normal reference. Depending on the metric that is used,
the diagnostic indicator of an angiogenic disorder or an
endothelial disorder may be significantly above or below a
reference (e.g., from a control subject not having an angio-
genic disorder or an endothelial disorder).

[0061] By “pharmaceutically acceptable carrier” is meant a
carrier that is physiologically acceptable to the treated mam-
mal while retaining the therapeutic properties of the com-
pound with which it is administered. One exemplary pharma-
ceutically acceptable carrier substance is physiological
saline. Other physiologically acceptable carriers and their
formulations are known to one skilled in the art and described,
for example, in Remington’s Pharmaceutical Sciences, (207
edition), ed. A. Gennaro, 2000, Lippincott, Williams &
Wilkins, Philadelphia, Pa.

[0062] By “preventing” is meant prophylactic treatment of
a subject who is not yet ill, but who is susceptible to, or
otherwise at risk of, developing a particular disease. Prefer-
ably a subject is determined to be at risk of developing an
angiogenic disorder or endothelial disorder using the diag-
nostic methods known in the art or described herein.

[0063] By “promoting endothelial cell health” is meant
administering a compound in an amount and for a time suf-
ficient to increase, or bring to the level of a normal endothelial
cell, any of the parameters ofendothelial cell health described
above.

[0064] By “protein,” “polypeptide,” or “polypeptide frag-
ment” is meant any chain of more than two amino acids,
regardless of post-translational modification (e.g., glycosyla-
tion or phosphorylation), constituting all or part of a naturally
occurring polypeptide or peptide, or constituting a non-natu-
rally occurring polypeptide or peptide.

[0065] By “radiation therapy” is meant the use of directed
gamma rays or beta rays to induce sufficient damage to a cell
so as to limit its ability to function normally or to destroy the
cell altogether. It will be appreciated that there will be many
ways known in the art to determine the dosage and duration of
treatment. Typical treatments are given as a one-time admin-
istration and typical dosages range from 10 to 200 units
(Grays) per day.

[0066] By “reduce or inhibit” is meant the ability to cause
an overall decrease preferably of 20% or greater, more pref-
erably of 50% or greater, and most preferably of 75%, 80%,
85%, 90%, 95%, or greater. Reduce or inhibit can refer to the
symptoms of the disorder being treated. For diagnostic or
monitoring applications, reduce or inhibit can refer to the
level of protein or nucleic acid, detected by the aforemen-
tioned assays (see “expression”).

[0067] By “reference” is meant any sample, standard, or
level that is used for comparison purposes. A “normal refer-
ence sample” can be a prior sample taken from the same
subject; a sample from a subject not having an angiogenic
disorder or an endothelial disorder; a subject that is diagnosed
with a propensity to develop an angiogenic disorder or an
endothelial disorder but does not yet show symptoms of the
disorder; a subject that has been treated for an angiogenic
disorder or an endothelial disorder; or a sample of a purified
reference HSPA12B polypeptide or nucleic acid molecule at
a known normal concentration. By “reference standard or
level” is meant a value or number derived from a reference
sample. A normal reference standard or level can be a value or
number derived from a normal subject who does not have an
angiogenic disorder oran endothelial disorder thatis matched
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to the sample subject by at least one of the following criteria:
age, weight, disease stage, and overall health. A “positive
reference” sample, standard or value is a sample or value or
number derived from a subject that is known to have an
angiogenic disorder or an endothelial disorder, that is
matched to the sample subject by at least one of the following
criteria: age, weight, disease stage, overall health, prior diag-
nosis of an angiogenic disorder or an endothelial disorder, and
a family history of an angiogenic disorder or an endothelial
disorder. A standard curve of levels of purified protein within
the normal or positive reference range can also be used as a
reference.

[0068] By “sample” is meant a bodily fluid (e.g., urine,
blood, serum, plasma, or cerebrospinal fluid), tissue, or cellin
which the HspA12B polypeptide or nucleic acid molecule is
normally detectable.

[0069] By “small RNA”is meantany RNA molecule, either
single-stranded or double-stranded” that is at least 15 nucle-
otides, preferably, 17,18, 19, 20,21, 22, 23,24,25,26,27,28,
29,30,31,32,33,34, or35, nucleotides in length and even up
to 50 or 100 nucleotides in length (inclusive of all integers in
between). Preferably, the small RNA is capable of mediating
RNAI. As used herein the phrase “mediates RNAi” refers to
the ability to distinguish which RNAs are to be degraded by
the RNAi machinery or process. Included within the term
small RNA are “small interfering RNAs” and “microRNA.”
In general, microRNAs (miRNAs) are small (e.g., 17-26
nucleotides), single-stranded noncoding RNAs that are pro-
cessed from approximately 70 nucleotide hairpin precursor
RNAs by Dicer. Small interfering RNAs (siRNAs) are of a
similar size and are also non-coding, however, siRNAs are
processed from long dsRNAs and are usually double
stranded. siRNAs can also include short hairpin RNAs in
which both strands of an siRNA duplex are included within a
single RNA molecule. Small RNAs can be used to describe
both types of RNA. These terms include double-stranded
RNA, single-stranded RNA, isolated RNA (partially purified
RNA, essentially pure RNA, synthetic RNA, recombinantly
produced RNA), as well as altered RNA that differs from
naturally occurring RNA by the addition, deletion, substitu-
tion and/or alteration of one or more nucleotides. Such alter-
ations can include addition of non-nucleotide material, such
as to the end(s) of the small RNA or internally (at one or more
nucleotides of the RNA). Nucleotides in the RNA molecules
of the present invention can also comprise non-standard
nucleotides, including non-naturally occurring nucleotides or
deoxyribonucleotides. See “nucleobase oligomers” above for
additional modifications to the nucleic acid molecule. In a
preferred embodiment, the RNA molecules contain a 3'
hydroxyl group.

[0070] By “specifically binds” is meant a compound or
antibody which recognizes and binds a polypeptide of the
invention but that does not substantially recognize and bind
other molecules in a sample, for example, a biological
sample, which naturally includes a polypeptide of the inven-
tion. In one example, an antibody that specifically binds
HspA12B does not bind other heat shock family members.
[0071] 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.

[0072] By “substantially identical” is meant a nucleic acid
or amino acid sequence that, when optimally aligned, for
example using the methods described below, share at least
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
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99%, or 100% sequence identity with a second nucleic acid or
amino acid sequence, e.g., a HSPA12B sequence. “Substan-
tial identity” may be used to refer to various types and lengths
of sequence, such as full-length sequence, epitopes or immu-
nogenic peptides, functional domains, coding and/or regula-
tory sequences, exoms, introns, promoters, and genomic
sequences. Percent identity between two polypeptides or
nucleic acid sequences is determined in various ways that are
within the skill in the art, for instance, using publicly avail-
able computer software such as Smith Waterman Alignment
(Smith and Waterman J. Mol. Biol. 147:195-7,1981); “Best-
Fit” (Smith and Waterman, Advances in Applied Mathemat-
ics, 482-489, 1981) as incorporated into GeneMatcher
Plus™, Schwarz and Dayhof “Atlas of Protein Sequence and
Structure,” Dayhof, M. O., Ed pp 353-358, 1979; BLAST
program (Basic Local Aligmnent Search Tool; (Altschul, S.
F., W. Gish, etal., J. Mol. Biol. 215: 403-410, 1990), BLAST-
2, BLAST-P, BLAST-N, BLAST-X, WU-BLAST-2, ALIGN,
ALIGN-2, CLUSTAL, or Megalign (DNASTAR) software.
In addition, those skilled in the art can determine appropriate
parameters for measuring alignment, including any algo-
rithms needed to achieve maximal alignment over the length
of the sequences being compared. In general, for proteins, the
length of comparison sequences will be at least 16 amino
acids, preferably at least 20 amino acids, more preferably at
least 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 190,
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, or 686
amino acids or more. For nucleic acids, the length of com-
parison sequences will generally be at least 50 nucleotides,
preferably at least 60, 70, 80, 90, 100, 150,200, 250, 300, 350,
400, 450, 500, 550, 600, 700, 800, 900, 1000, 1100, 1200,
1500, 1800, 2000, 2100, 2200, 2500, 2600, 2800, 3000 or
more nucleotides. It is understood that for the purposes of
determining sequence identity when comparing a DNA
sequence to an RNA sequence, a thymine nucleotide is
equivalent to a uracil nucleotide. Conservative substitutions
typically include substitutions within the following groups:
glycine, alanine; valine, isoleucine, leucine; aspartic acid,
glutamic acid, asparagine, glutamine; serine, threonine;
lysine, arginine; and phenylalanine, tyrosine.

[0073] By “treating” is meant administeringa compound or
a pharmaceutical composition for prophylactic and/or thera-
peutic purposes or administering treatment to a subject
already suffering from a disease to improve the subject’s
conditionorto a subject who is at risk of developing a disease.
When HspA12B agonist compounds are used to treat a sub-
ject with an endothelial cell disorder, it is generally provided
in a therapeutically effective amount to achieve any one or
more of the following: an increase in endothelial cell migra-
tion, an increase in endothelial cell proliferation, a decreasein
endothelial cell death, or a decrease in endothelial cell senes-
cence, an increase in endothelial tube formation, a reduction
in blood pressure, a decrease in vascular permeability or
vascular leak, and an increase in the diameter of a blood
vessel or a decrease in the occlusion of a previously clogged
blood vessel. When HspA12B antagonist compounds are
used to treat a subject with an angiogenic disorder, it is gen-
erally provided in a therapeutically effective amount to
achieve any one or more ofthe following: anincrease in blood
pressure, a reduction or inhibition in the formation of new
blood vessels and/or modulating the volume, diameter,
length, permeability, or number of existing blood vessels to
within the normal reference ranges. In preferred embodi-
ments, an initial or subsequent occurrence of an angiogenic
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disorder is prevented or an adverse symptom associated with
an angiogenic disorder is reduced. Preferably, for the angio-
genesis applications, the methods of the present invention
result in a reduction or inhibition of 20, 40, 60, 80, or even
100% in the volume, diameter, length, permeability, and/or
number of blood vessels as determined using standard meth-
ods. Preferably, at least 20, 40, 60, 80, 90, or 95% of the
treated subjects have a complete remission in which all evi-
dence of the disease disappears. In another preferred embodi-
ment, the length of time a patient survives after being diag-
nosed with an angiogenic disorder or an endothelial disorder
and treated with a therapy of the invention is at least 20, 40,
60, 80, 100, 200, or even 500% greater than (i) the average
amount of time an untreated patient survives or (ii) the aver-
age amount of time a patient treated with another therapy
survives.

[0074] By “vector” is meant a DNA molecule, usually
derived from a plasmid or bacteriophage, into which frag-
ments of DNA may be inserted or cloned. A recombinant
vector will contain one or more unique restriction sites, and
may be capable of autonomous replication in a defined host or
vehicle organism such that the cloned sequence is reproduc-
ible. A vector contains a promoter operably linked to a gene or
coding region such that, upon transfection into a recipient
cell, an RNA is expressed.

[0075] Other features and advantages of the invention will
be apparent from the following Detailed Description, the
drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0076] FIGS. 1A-10 are a series of photomicrographs
showing HspA12B whole-mount in situ hybridization at dif-
ferent zebrafish developmental stages. FIGS. 1A through 11
are middle somite stages. FIGS. 1A, 1B and 1C are dorsal
view of head, trunk and tail, respectively, showing staining in
ventral hematopoietic and vasculogenic mesoderm. FIG. 1D
is a lateral view. FIG. 1E is a enlarged lateral view of head
region showing expression in thombomeres. FIG. 1F is a
lateral view showing expression in first somite. FIG. 1G is a
dorsal view of ear showing staining in the anterior part of the
otic vesicle. FIGS. 1H, 11 and 1] are embryos at 24 hpf; FIG.
1H is a dorsal view of head region. FIG. 11 is a dorsal view of
the whole embryo; FIG. 1] is a JB4 cross section in the truck
region of a 24 hpf embryos. Arrowheads point to arterial and
venous structures. NT, neural tube; NO, notochord; FIGS. 1K
to 1N are 36 hpfembryos; FIG. 1K is an enlarged lateral view
of the head; FIG. 1L is a front view showing staining in the
heart; FIG. 1M is the dorsal view of the head region; arrow
head indicates duct of Cuvier; FIG. 1IN is the lateral view of
trunk showing staining in both axial vessels and ISVs. FIG.
10 is a lateral view of embryo at 48 hpf.

[0077] FIGS. 2A-2F are a series of images showing the
knockdown of HSPA12B by morpholino oligomers during
zebrafish development. FIG. 2A shows the in vitro transcrip-
tion and translation in the absence of MOATG or in the
presence of various concentrations of MOATG or MM, dem-
onstrating the efficiency of MOATG in blocking the transla-
tion of HspA12B. FIG. 2B shows the results of RT-PCR of
zebrafish HspA12B from zebrafish embryos injected with
various amounts of MOs3rd. FIGS. 2C, 2D, and 2E are a
series of photomicrographs showing 48 hpf embryos injected
with 1.0 mM and 2.0 mM MOATG or 1.0 mM MM. FIG. 2F
is a graph showing the percentage of normal circulation in
morphants injected with 1.0 mM MOATG or MM at 26 hpf.
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Data were presented as Meansts.e.m. from three or more
independent experiments, difference between MM and
MOATG was significant (p<0.01) as accessed by two tailed
student’s t-Test.

[0078] FIGS. 3A-3] show phenotypes in morphants
defined by microangiography and AP staining. FIGS. 3A and
3B are photomicrographs showing an angiogram of fish
injected with 1 mM MM (FIG. 3A) or MOATG (FIG. 3B) at
48 hpf. FIG. 3C-3H are photomicrographs showing AP stain-
ing and statistical analysis of morphants treated with various
concentrations of MM or MOATG. FIGS. 3C, D, E show
SIVs. FIGS. 3F, G, H show pectoral fin vessels. FIGS. 31-J
show statistical analysis. FIGS. 3A, C, and E show embryos
injected with 1.0 mM MM. In FIGS. 3D and G, morphants
were treated with 0.5 mM MOATG. In FIGS. 3B, E, and H,
morphants were treated with 1.0 mM MOATG.

[0079] FIGS. 4A-4] show the impaired angiogenic pro-
cesses revealed by knockdown of HspA12B in the [Tg(flil:
EGFPY"] zebrafish line. FIGS. 4A, 4C, 4E, 4G, and 41 show
morphants injected with 1 mM MM. FIGS. 4B, 4D, 4F, 4H,
and 4] show morphants injected with 1 mM MOATG. FIGS.
4A, 4B, 4G, 4H show morphants at 27 hpf. FIGS. 4C and 4D
show morphants at 36 hpf. FIGS. 4E and 4F show morphants
at 54 hpf. FIGS. 41 and 4] show morphants at 24 hpf. In FIGS.
4G, 4H, and 41 the rostral is to the left.

[0080] FIGS. 5A and 5B show the expression profile of
human HspA12A and HspA12B in human cell lines. FIG. 5A
is an autoradiogram showing detection of HspA12B mRNA
in human cell lines by northern blot. Signal is evident only in
the HUVEC lane (upper panel), 28S and 18S staining is
shown as equal loading control (lower panel). FIG. 5B is a
graph showing the comparison of HspA12A and HspA12B
mRNA levelsin cell lines using real-time PCR. Data from two
independent experiments were normalized with the expres-
sion levels in HUVECs and presented as mean#s.e.m.; the
difference of expression levels between HUVECs and other
cell lines were all significant (p<0.05) as tested by two tailed
student’s t-Test.

[0081] FIGS. 6A-6D shows the knockdown and overex-
pressionof HspA12B. FIG. 6 A shows HEK 293 cells cultured
in 6-well plate transfected with 0.1 pg pCS2+-HspA12B-Flag
and various siRNAs at 62.5 nM final concentration. Cell
lysates were collected after 48 hours and the expression level
of HspA12B-Flag was checked by western blot using anti-
FLAG antibody. P represents a pool of sil, si2, si3 and si4.
FIG. 6B shows the GAPDH loading control for FIG. 6 A. FIG.
6C shows HUVECs transfected with sil and si3 at 62.5 nM
final concentration in 6-well plate and endogenous HspA12B
expression and examined after 48 hours by western blot using
Ab4112 antibody; Lane 4 was loaded with lysate from
HUVECs infected with HspA12B-C-FLAG adenovirus. FIG.
6D shows the GAPDH loading control for FIG. 6C.

[0082] FIGS. 7A and 7B shows the effect of HspA12B on
VEGF induced HUVEC migration. In FIG. 7A, HUVECs
were infected with empty control or HspA12B adenoviruses
and migration assay was done with 0.5% serum DMEM or
0.5% serum DMEM plus VEGF (10 ng/ml) in the lower
chamber. InFIG. 7B, HUVECs were transfected with NC, sil
and si3. Data from three experiments were shown as mean:s.
d. All comparison were tested for statistic significance using
two tailed student’s t-Test. *, p<0.05.

[0083] FIGS. 8A-8F show the results of wound healing
assays using HUVECs. In FIGS. 8A-8B, HUVECs infected
with empty control and sense adenoviruses were grown to
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confluence. Wounds were made using 200 pl pipette tips in
the cell lawn 48 hours after infection and media was changed
to EBM-2 with 1% serum after the injury. Pictures were taken
at 0 and 48 hours. In FIGS. 8C-8D, HUVECs infected with
the same adenoviruses were grown to confluence. After mak-
ing the wound, EBM-2 with 1% serum plus VEGF (10 ng/ml)
was added. Pictures were taken at 0 and 30 hours post injury.
In FIGS. 8E-8F, HUVECs transfected with NC, sil and si3
were grown to confluence and wounds were made in the cell
monolayer 48 hours after transfection. EBM-2 with 1%
serum plus VEGF (10 ng/ml) was added. Pictures were taken
at 0 and 24 hours post injury. Representative pictures were
shown from at least three independent experiments.

[0084] FIG. 9 shows the results of the HUVEC tube forma-
tion assay. HUVECs were transfected with NC, sil and si3.
After 48 hours, cells were trypsinized and resuspended in
EBM.-2 plus 2% serum and 4x10” cells were added to each
well of a 48-well tissue culture plate with 100 pl solidified
growth factor reduced Matrigel. Pictures were taken at 24
hours. Representative pictures were shown from five inde-
pendent experiments. Quantitative data were shown as
meanss.e.m. All difference between groups were statistic
significance (p<0.05) tested by two tailed student’s t-Test.
[0085] FIGS. 10A-10B show the western blot analysis of
phosphorylation of Akt in cells transfected with siRNAs and
HUVEC migration rescue experiment done with myr-Akt. In
FIG. 10A, HUVECs in 6-well plate were transfected with
NC, sil and si3 on day 0, split on day 1, serum starved with
0.5% serum EBM-2 on day 2 and stimulated with VEGF (§
ng/ml) in 0.5% serum EBM-2 or EGM-2 MV for 30 minutes
onday 3. In FIG. 10B. HUVECs in 10 cm plates were trans-
fected with NC, sil and si3 on day 0, split onto 2 plates in the
early morning of day 1 and infected with myr-Akt adenovirus
in the late afternoon and EGM-2 MV was changed 6 hours
thereafter; EBM-2 with 2.5% serum was changed in the
evening of day 2 and migration assay was done on day 3 with
the stimulation of VEGF (10 ng/ml) in 0.5% serum DMEM.
Data from three experiments are shown as meanss.d. All
indicated p values for the comparisons were obtained using
two tailed student’s t-Test.

[0086] FIGS. 11A-D shows the cloning of zebrafish
GA2692/HspA12B. FIG. 11A shows the amino acid (SEQID
NO: 1) and cDNA (SEQ ID NO: 2) sequence of human
HspA12B. FIG. 11B shows a comparison of deduced amino
acid sequences of zebrafish (SEQ ID NO: 3) GA2692/
HspA12B with human (SEQ ID NO: 1), mouse (SEQ ID NO:
4) and rat (SEQ ID NO: 5) HspA12B. FIG. 11C shows an
identity matrix for HspA12Bs from zebrafish, human, mouse,
rat and chimpanzee and HspA12A (human). FIG. 11D shows
a phylogenetic dendrogram showing the relationship of
zebrafish HspA12B in different species.

DETAILED DESCRIPTION OF THE INVENTION

[0087] Wehave discovered that HSPA12B, the mammalian
orthologue of the zebrafish GA2692 protein and distant mem-
ber of the heat shock 70 (HSP70) family, is a highly endot-
helial cell specific protein that is critical for angiogenesis and
endothelial cell function during development. We have shown
that a reduction of GA2692 in zebrafish embryos resulted in
multiple defects in vasculature, particularly, at sites undergo-
ing active capillary sprouting: the intersegmental vessels,
sub-intestinal vessels and the capillary sprouts of the pectoral
fin vessel. We have also shown by a combination of northern
blot and real-time PCR analysis, that HspA12B is highly
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expressed in human endothelial cells in vitro. Knockdown of
HspA12B by small interfering RNAs in human umbilical
vein endothelial cells blocked wound healing, migration and
tube formation while overexpression of HspA12B enhanced
migration and hastened wound healing. Furthermore, phos-
phorylation of Akt, known to effect endothelial cell migration
was consistently reduced by siRNAs against HspA12B while
overexpression of a constitutively active form of Akt rescued
the inhibitory effects of knockdown of HspA12B on migra-
tion of human umbilical vein endothelial cells. Collectively,
we have discovered that HspA12B is a highly endothelial cell
specific distant member of the Hsp70 family that plays a
significant role in endothelial cells during development and
angiogenesis in vitro, at least partially attributable to modu-
lation of Akt phosphorylation.

[0088] Accordingly, the present invention features the use
of HSPA12B agonist compounds for promoting endothelial
cell health and for treating endothelial cell disorders includ-
ing but not limited to, atherosclerosis, vascular leak, sepsis,
inflammatory disorders, or pre-eclampsia. The present inven-
tion also features the use of HSPA12B antagonist compounds
for the treatment of patients suffering from angiogenic disor-
ders, including but not limited to cancer, psoriasis, inflamma-
tory disorders, or ocular neovascularization processes. The
invention also features diagnostic methods that include the
use of HSPA12B nucleic acid molecules, polypeptides, and
antibodies for the diagnosis of angiogenic disorders or endot-
helial cell disorders.

HspA12B Agonists

[0089] We have discovered that overexpression of
HspA12B enhanced migration and proliferation of endothe-
lial cells and hastened wound healing. Therefore, the inven-
tion features HspA12B agonist compounds and the use of
HspA12B agonist compounds for the treatment of endothelial
cell disorders or to promote endothelial cell health. HspA12B
agonist compounds useful in the methods of the invention
include, but are not limited to, HspA12B polypeptides or
nucleic acid molecules, or fragments, derivatives, homologs,
or analogs thereof; agonistic antibodies; growth factors (e.g.,
VEGF, angiopoietin 1, or angiopoietin 2) that increase the
biological activity or expression levels (e.g., in bodily fluids
such as blood, serum, urine, plasma, etc.) of HspA12B; com-
pounds that increase the half-life of HspA12B mRNA or
protein; compounds that increase the transcription or transla-
tion of HspA12B; compounds that decrease the degradation
of HspA12B mRNA or protein; compounds that modify the
activity of HspA12B, for example to increase HspA12B bind-
ing to ATP or HspA12B binding to substrate or to increase
HspA12B-mediated phosphorylation of Akt or activation of
nitric oxide.

[0090] Preferred HspAl2B agonist compounds (e.g.,
polypeptides, fragments or derivatives thereof, or non-pepti-
dyl HspA12B compounds) will have or will induce at least
10%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, 99%, or more HspA12B biological activity
as described above. Preferably, the HspA12B compound can
increase endothelial cell migration or proliferation, decrease
endothelial cell death or senescence, reduce blood pressure,
decrease vascular permeability, increase endothelial tube for-
mation, increase HspA12B-mediated Akt phosphorylation,
or increase HspA12B-mediated nitric oxide activation by at
least 10%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
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95%, 96%, 97%, 98%., 99%, or more as compared to the
levels in a cell or a subject not treated with the HspA12B
agonist compound.

[0091] HspA12B Polypeptides

[0092] HspAl12B polypeptides, or fragments, analogs,
homologs, or derivatives thereof, can be produced by any of a
variety of methods for protein production known in the art
such as purification of naturally occurring HspA12B prod-
ucts, products of chemical synthetic procedures, and products
produced by recombinant techniques from a prokaryotic or
eukaryotic host, including, for example, bacterial, fungus,
higher plant, insect and mammalian cells. In one example,
HspA12B is produced by recombinant DNA methods by
inserting a DNA sequence encoding HspA12B, or fragments
or derivatives thereof, into a recombinant expression vector
and expressing the DNA sequence under conditions promot-
ing expression. General techniques for nucleic acid manipu-
lation are described, for example, by Sambrook et al., in
“Molecular Cloning: A Laboratory Manual,” 2nd Edition,
Cold Spring Harbor Laboratory press, 1989; Goeddel et al.. in
“Gene Expression Technology: Methods in Enzymology,”
Academic Press, San Diego, Calif., 1990; Ausubel et al., in
“Current Protocols in Molecular Biology,” John Wiley &
Sons, New York, N.Y., 1998; Watson et al., “Recombinant
DNA,” Chapter 12, 2nd edition, Scientific American Books,
1992; and other laboratory textbooks. The DNA encoding
HspA12B is operably linked to suitable transcriptional or
translational regulatory elements derived from mammalian,
viral, or insect genes. Such regulatory elements include a
transcriptional promoter, an optional operator sequence to
control transcription, a sequence encoding suitable mRNA
ribosomal binding sites, and sequences which control the
termination of transcription and translation. The ability to
replicate in a host, usually conferred by an origin of replica-
tion, and a selection gene to facilitate recognition of transfor-
mants may additionally be incorporated.

[0093] Appropriate cloning and expression vectors for use
with bacterial, fungal, yeast, and mammalian cellular hosts
can be found, for example, in “Cloning Vectors: A Laboratory
Manual,” Elsevier, N.Y., 1985, the relevant disclosure of
which is hereby incorporated by reference.

[0094] Purified HspA12B, or fragments or derivatives
thereof, are prepared by culturing suitable host/vector sys-
tems to express the recombinant proteins.

[0095] 1In addition to the methods employing recombinant
DNA, HspAl12B polypeptides, or fragments, homologs, or
analogs thereof, can be purified from sources that naturally
produce the soluble form of the protein. Exaniples of these
sources include any mammalian tissue or cells, such as endot-
helial cell lines, endothelial tissue, and vascular tissue. The
HspA12B from these sources can be purified and concen-
trated using any of the methods known in the art or described
above.

[0096] After purification, HspA12B may be exchanged
into different buffers and/or concentrated by any of a variety
of methods known to the art, including, but not limited to,
filtration and dialysis. The purified HspA12B is preferably at
least 85% pure, more preferably at least 95% pure, and most
preferably at least 98% pure. Regardless of the exact numeri-
cal value of the purity, the HspA112B is sufficiently pure for
use as a pharmaceutical product.

[0097] HspAl12B polypeptides, or fragments or analogs
thereof, can also be produced by chemical synthesis (e.g., by
the methods described in “Solid Phase Peptide Synthesis,”
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2" ed., The Pierce Chemical Co., Rockford, 11, 1984).
Modifications to the protein, such as those described below,
can also be produced by chemical synthesis.

[0098] HspA12B Modifications

[0099] The invention encompasses HspAl2B polypep-
tides, or fragments, homologs, analogs, or derivatives thereof,
which are modified during or after synthesis or translation.
Modifications may provide additional advantages such as
increased affinity, decreased off-rate, solubility, stability and
in vivo or in vitro circulating time of the polypeptide, or
decreased immunogenicity and include, for example, acety-
lation, acylation, ADP-ribosylation, amidation, covalent
attachment of flavin, covalent attachment of a heme moiety,
covalent attachment of a nucleotide or nucleotide derivative,
covalent attachment of a lipid or lipid derivative, covalent
attachment of phosphotidylinositol, cross-linking, cycliza-
tion, disulfide bond formation, demethylation, formation of
covalent cross-links, formation of cysteine, formation of
pyroglutamate, formylation, gamma-carboxylation, glycosy-
lation, GPI anchor formation, hydroxylation, iodination,
methylation, myristoylation, oxidation, pegylation, pro-
teolytic processing, phosphorylation, prenylation, racemiza-
tion, selenoylation, sulfation, transfer-RNA mediated addi-
tion of amino acids to proteins such as arginylation, and
ubiquitination. (See, for instance, Creighton, “Proteins:
Structures and Molecular Properties,” 2d Ed., W. H. Freeman
and Co., N.Y., 1992; “Postranslational Covalent Modification
of Proteins,” Johnson, ed., Academic Press, New York, 1983;
Seifter et al., Meth. Enzymol., 182:626-646, 1990; Rattan et
al., Ann. NY Acad. Sci., 663:48-62, 1992). Additionally, the
HSPA12B polypeptide may contain one or more non-classi-
cal amino acids. Non-classical amino acids include, but are
not limited to, to the D-isomers of the common amino acids,
2,4-diaminobutyric acid, a-amino isobutyric acid, 4-ami-
nobutyric acid, Abu, 2-amino butyric acid, g-Abu, e-Ahx,
6-amino hexanoic acid, Aib, 2-amino isobutyric acid,
3-amino propionic acid, ornithine, norleucine, norvaline,
hydroxyproline, sarcosine, citrulline, homocitrulline, cysteic
acid, t-butylglycine, t-butylalanine, phenylglycine, cyclo-
hexylalanine, 3-alanine, fluoro-amino acids, designer amino
acids such as -methyl amino acids, Ca-methyl amino acids,
Na-methyl amino acids, and amino acid analogs in general.
Furthermore, the amino acid can be D (dextrorotary) or L
(levorotary).

[0100] Additional post-translational modifications encom-
passed by the invention include, for example, e.g., N-linked
or O-linked carbohydrate chains, processing of N-terminal or
C-terminal ends), attachment of chemical moieties to the
amino acid backbone, chemical modifications of N-linked or
O-linked carbohydrate chains, and addition or deletion of an
N-terminal methionine residue as a result of prokaryotic host
cell expression or truncation of the protein.

[0101] As described above, the invention also includes
chemically modified derivatives of HspA12B, which may
provide additional advantages such as increased solubility,
stability and circulating time of the polypeptide, or decreased
immunogenicity (see U.S. Pat. No. 4,179,337). The chemical
moieties for derivitization may be selected from water soluble
polymers such as, for example, polyethylene glycol, ethylene
glycol/propylene glycol copolymers, carboxymethylcellu-
lose, dextran, polyvinyl alcohol and the like. The HspA12B
polypeptide may be modified at random positions within the
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molecule, or at predetermined positions within the molecule
and may include one, two, three or more attached chemical
moieties.

[0102] The polymer may be of any molecular weight, and
may be branched or unbranched. For polyethylene glycol, the
preferred molecular weight is between about 1 kDa and about
100 kDa (the term “about” indicating that in preparations of
polyethylene glycol, some molecules will weigh more, some
less, than the stated molecular weight) for ease in handling
and manufacturing. Other sizes may be used, depending on
the desired therapeutic profile (e.g., the duration of sustained
release desired, the effects, if any on biological activity, the
ease in handling, the degree or lack of antigenicity and other
known effects of the polyethylene glycol to a therapeutic
protein or analog). As noted above, the polyethylene glycol
may have a branched structure. Branched polyethylene gly-
cols are described, for example, in U.S. Pat. No. 5,643,575,
Morpurgo et al., Appl. Biochem. Biotechnol. 56:59-72,
(1996); Vorobjev et al., Nucleosides Nucleotides 18:2745-
2750, (1999); and Caliceti et al., Bioconjug. Chem. 10:638-
646, (1999), the disclosures ofeach of which are incorporated
by reference.

[0103] The polyethylene glycol molecules (or other chemi-
cal moieties) should be attached to the HSPA12B polypeptide
with consideration of effects on functional or antigenic
domains of the protein. There are a number of attachment
methods available to those skilled in the art, e.g., EP 0 401
384, herein incorporated by reference (coupling PEG to
G-CSF), see also Malik et al., Exp. Hematol. 20:1028-1035,
(1992) (reporting pegylation of GM-CSF using tresyl chlo-
ride). For example, polyethylene glycol may be covalently
bound through amino acid residues via a reactive group, such
as, a free amino or carboxyl group. Reactive groups are those
to which an activated polyethylene glycol molecule may be
bound. The amino acid residues having a free amino group
may include lysine residues and the N-terminal amino acid
residues; those having a free carboxyl group may include
aspartic acid residues glutamic acid residues and the C-ter-
minal amino acid residue. Sulthydryl groups may also be
used as a reactive group for attaching the polyethylene glycol
molecules. Preferred for therapeutic purposes is attachment
at an amino group, such as attachment at the N-terminus or
lysine group. The number of polyethylene glycol moieties
attached to each polypeptide of the invention (i.e., the degree
of substitution) may also vary. For example, the pegylated
HspA12B may be linked, on average, t0 1,2. 3,4, 5,6, 7,8,
9,10, 12, 15,17, 20, or more polyethylene glycol molecules.
Similarly, the average degree of substitution may range
within ranges such as 1-3, 2-4, 3-5, 4-6, 5-7, 6-8, 7-9, 8-10,
9-11,10-12,11-13,12-14,13-15,14-16,15-17,16-18,17-19,
or 18-20 polyethylene glycol moieties per polypeptide mol-
ecule. Methods for determining the degree of substitution are
discussed, for example, in Delgado et al., Crit. Rev. Thera.
Drug Carvier Sys., 9:249-304, 1992.

[0104] The HspA12B polypeptides may also be modified
with a detectable label, including, but not limited to, an
enzyme, prosthetic group, fluorescent material, luminescent
material, bioluminescent material, radioactive material,
positron emitting metal, nonradioactive paramagnetic metal
ion, and affimty label for detection and isolation of a
HspA12B target. The detectable substance may be coupled or
conjugated either directly to the polypeptides of the invention
orindirectly, through an intermediate (such as, for example, a
linker known in the art) using techniques known in the art.
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Examples of suitable enzymes include horseradish peroxi-
dase, alkaline phosphatase, beta-galactosidase, glucose oxi-
dase or acetylcholinesterase; examples of suitable prosthetic
group complexes include streptavidin/biotin and avidin/bi-
otin; examples of suitable fluorescent materials include
biotin, umbelliferone, fluorescein, fluorescein isothiocyan-
ate, thodamine, dichlorotriazinylamine fluorescein, dansyl
chloride or phycoerythrin; an example of a luminescent mate-
rial includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin; and examples of
suitable radioactive material include a radioactive metal ion,
e.g., alpha-emitters or other radioisotopes such as, for
example, iodine (**'1, *2°1, *2*1, *211), carbon (**C), sulfur
(**8), tritium (°H), indium (***mIn, **mIn, '**In, **'In), and
technetium (*Tc, *° mTc), thallium (*°'Ti), gallium (®*Ga,
%Ga), palladium (*°*Pd), molybdenum (**Mo), xenon
(***Xe), fluorine (*°F), **Sm, Lu, "*°Gd, '*Pm, '*°La,
175Y‘b 166H0 9OY. 47SC 186R 188Re 142Pr. IOSRh 97Ru, 68Ge,
57Co, ,65Zn’ S,SSr, 52P, Sng, 169%: SLCr,154Mn, ’7588, 1 13$n,
and ''"Tin. The detectable substance may be coupled or con-
jugated either directly to the HspA12B polypeptide or indi-
rectly, through an intermediate (such as, for example, a linker
known in the art) using techniques known in the art. See, for
example, U.S. Pat. No. 4,741,900 for metal ions, which can be
conjugated to the HspA12B polypeptide for use as diagnos-
tics according to the present invention.

[0105] The HspA12B polypeptide can also be modified by
conjugation to another protein or therapeutic compound.
Such conjugation can be used, for example, to enhance the
stability or solubility of the protein, to reduce the antigenicity,
or to enhance the therapeutic effects of the protein. A pre-
ferred fusion protein comprises a heterologous region from
immunoglobulin (e.g., all or part of the Fc region) that is
useful to solubilize proteins (EP-A 0232 262).

[0106] A HspA12B polypeptide of the invention may be
conjugated to a therapeutic moiety such as a cytotoxin, e.g., a
cytostatic or cytocidal agent, a chemotherapeutic agent, a
radiotherapeutic agent or a radioactive metal ion.

[0107] Techniques known in the art may be applied to label
HspA12B polypeptides of the invention. Such techniques
include, but are not limited to, the use of bifunctional conju-
gating agents (see, e.g., U.S. Pat. Nos. 5,756,065; 5,714,631,
5,696,239; 5,652,361; 5,505,931; 5,489.425; 5,435,990;
5,428,139; 5,342,604; 5.274,119; 4,994,560; and 5,808,003 ;
the relevant disclosures of each of which are hereby incorpo-
rated by reference in its entirety) and direct coupling reac-
tions (e.g., Bolton-Hunter and Chloramine-T reaction).
[0108] Therapeutic Nucleic Acids

[0109] The present invention also features HspAl2B
nucleic acid molecules and the use of HspA12B nucleic acid
molecules as agonist compounds. Recent work has shown
that the delivery of nucleic acid (DNA or RNA) capable of
expressing an endothelial cell mitogen such as VEGF to the
site of a blood vessel injury will induce proliferation and
reendothelialization of the injured vessel. These general tech-
niques for the delivery of nucleic acid to endothelial cells can
be used in the present invention for the delivery of HSPA12B
nucleic acids or nucleic acids encoding HSPA12B proteins.
These general techniques are described in U.S. Pat. Nos.
5,830,879 and 6,258,787 and are incorporated herein by ref-
erence.

[0110] Inthe present invention the nucleic acid may be any
HSPA12B nucleic acid (DNA or RNA) including genomic
DNA, cDNA, and mRNA, encoding an HSPA12B polypep-
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tide. The nucleic acids encoding the desired protein may be
obtained using routine procedures in the art, e.g. recombinant
DNA, PCR amplification. For any of the nucleic acid appli-
cations described herein, standard methods for administering
nucleic acids can be used. Examples are described in U.S.
Patent Application Publication No. 20060067937 and PCT
Publication No. WO 06/034507.

Compounds that Increase the Levels or Biological Activity of
HspA12B

[0111] Also included in the present invention as an
HspA12B agonist is any compound, such as growth factors,
that induce the expression or biological activities of
HspAl12B polypeptides or nucleic acid molecules as
HspA12B agonist compounds. Angiopoietin-1 (Ang-1) and
Angiopoietin-2 (Ang-2) are examples of growth factors use-
ful in the methods and compositions of the inventions. Ang-1
is a secreted protein that is approximately 55kDa in size and
the glycosylated forms can be approximately 70 kDa. Ang-2
is a secreted protein that is approximately 55 kDa in size and
the glycosylated forms can be approximately 70 kDa. (See,
for example, Maisonpierre et al. Science 277:55 (1997)).
Ang-1 and Ang-2, originally described as mediators of devel-
opmental angiogenesis, are peptide ligands that bind the Tie-2
receptor tyrosine kinase found primarily on endothelial cells.
Ang-1 and Ang-2 are thought to function as a competitive
agonist/antagonist pair for Tie-2 receptor signaling although
this dichotomous action appears to be context, dose, and
duration specific. Ang-1 appears to promote vessel stability
by recruiting pericytes to nascent blood vessels and preserv-
ing cell-cell contacts.

[0112] VEGF is another example of a growth factor useful
in the methods and compositions of the invention (see for
example U.S. Pat. Nos. 5,332,671; 5,240,848, 5,194,596; and
Charnock-Jones et al. (Biol. Reproduction, 48: 1120-1128,
1993). VEGF exists as a glycosylated homodimer and
includes at least four different alternatively spliced isoforms.
The biological activity of native VEGF includes the promo-
tion of selective growth of vascular endothelial cells or
umbilical vein endothelial cells and induction of angiogen-
esis. As used herein, VEGF includes any VEGF family mem-
ber or isoform (e.g., VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, VEGF189, VEGF165, or VEGF 121). Preferably,
VEGF is the VEGF121 or VEGF165 isoform (Tischer et al.,
J. Biol. Chem. 266, 11947-11954, 1991; Neufed et al. Cancer
Metastasis 15:153-158,1996), which is described in U.S. Pat.
Nos. 6,447,768; 5,219,739; and 5,194,596, hereby incorpo-
rated by reference. Also included are mutant forms of VEGF
such as the KDR-selective VEGF and Flt-selective VEGF
described in Gille et al. (/. Biol. Chem. 276:3222-3230,
2001). As used herein VEGF also includes any modified
forms of VEGF such as those described in LeCouter et al.
(Science 299:890-893, 2003).

[0113] The growth factors used in the methods of the inven-
tion can include any mammalian form of the growth factor or
any fragment, homolog, analog, derivative, or modification
thereof. The methods described herein for purification and
modification of the HspA12B proteins can also apply to the
purification and modification of the growth factors as
HspA12B agonist compounds.

HspA12B Antagonist Compounds

[0114] Wehave discovered that reduction of HspA12B lev-
els inhibits migration of endothelial cells and reduces endot-
helial tube formation. Therefore, the invention features
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HspA12B antagonist compounds for the treatment of angio-
genic disorders. HspA12B antagonist compounds useful in
the methods of the invention include, but are not limited to,
fragments of HspA12B (e.g., dominant negative fragments or
fragments that are unable to bind ATP or substrate); peptidyl
or non-peptidyl compounds that specifically bind HspA12B
(e.g., antibodies or antigen-binding fragments thereof), for
example at the ATP binding domain or substrate binding
domain of HspA12B; antisense nucleobase oligomers; small
RNA; small molecule inhibitors; compounds that decrease
the half-life of HspA12B mRNA or protein; compounds that
decrease transcription or translation of HspA12B; com-
pounds that reduce or inhibit the expression levels (e.g., in
bodily fluids such as blood, serum, urine, plasma, etc.) of
HspA12B polypeptides or decrease the biological activity of
HspA12B polypeptides; compounds that increase the expres-
sion or biological activity of a HspA12B inhibitor (e.g., an
inhibitor that blocks binding to a substrate or ATP); and
compounds that block HspA12B-mediated phosphorylation
of Akt or activation of nitric oxide.

[0115] Preferred HspA12B antagonist compounds will
reduce or inhibit HspA12B biological activity or expression
levels by at least 10% 25%,30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 96%, 97%, 98%, 99%, or more. Preferably, the
HspA12B compound can reduce or inhibit endothelial cell
migration or proliferation, increase endothelial cell death or
senescence, reduce or inhibit endothelial tube formation,
reduce or inhibit heat shock protein or chaperone activity,
reduce or inhibit ATP binding ability, reduce or inhibit
HspA12B-mediated phosphorylation of Akt, and reduce or
inhibit HspA12B-mediated activation of nitric oxide by at
least 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, 99%, or more.

Antagonistic Polypeptides

[0116] Polypeptides that specifically bind to HspA12B and
inhibit the biological activity of HspA12B are included in the
invention and can be used in the methods and compositions of
the invention that require HspA12B antagonist compounds.
Preferred polypeptides include dominant negative fragments
of HspA12B or polypeptides that bind to functional regions of
the HSPA12B protein, for example, the ATP binding domain
or the substrate-binding domain. By binding to the functional
domain, the polypeptide can inhibit the activity of HSPA12B,
presumably by steric interference. Any polypeptide that is
used as an antagonist compound can be produced, purified,
and/or modified using any of the methods and modifications
described herein.

Antibodies

[0117] Antibodies that specifically bind to HspA12B, have
a high affinity for HspA12B and/or neutralize or prevent
HspA12B activity are useful in the therapeutic methods of the
invention. In one embodiment, the antibody, or fragment or
derivative thereof, binds to the ATP binding domain or sub-
strate binding domain of HspA12B.

[0118] Compositions, for example including excipients, of
any of the above antibodies are also included in the invention.
Methods for the preparation and use of antibodies for thera-
peutic purposes are described in several patents including
U.S. Pat. Nos. 6,054,297; 5,821,337, 6,365,157, and 6,165,
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464 and are incorporated herein by reference. Antibodies can
be polyclonal or monoclonal; monoclonal antibodies are pre-
ferred.

[0119] Anti-HspA12B antibodies may be produced by
methods known in the art. These methods include the immu-
nological method described by Kohler and Milstein (Nature,
256: 495-497, 1975), Kohler and Milstein (Fur. J. Immunol,
6, 511-519, 1976), and Campbell (“Monoclonal Antibody
Technology, The Production and Characterization of Rodent
and Human Hybridomas™ in Burdon et al., Eds., Laboratory
Techniques in Biochemistry and Molecular Biology, Volume
13, Elsevier Science Publishers, Amsterdam, 1985), as well
as by the recombinant DNA method described by Huse et al.
(Science, 246, 1275-1281, 1989). For example, antibodies
can be screened using standard art-known methods such as
ELISA against the HspA12B peptide antigen or western blot
analysis. Non-limiting examples of such techniques are
described in Examples IT and I1T of U.S. Pat. No. 6,365,157,
herein incorporated by reference.

[0120] The antibody may be prepared in any mammal,
including mice, camels, rats, rabbits, goats, and humans. The
antibody may be a member of one of the following immuno-
globulin classes: 1gG, IgM, IgA, IgD, or IgE, and the sub-
classes thereof, and preferably is an IgG antibody.

[0121] In one example the following amino acid sequence
from the mouse HspAl2B was used to generate an anti-
HspA12B antibody: CVDVSTNRSVRAAIDFLSN (SEQ ID
NO: 19).

[0122] While the preferred animal for producing mono-
clonal antibodies is mouse, the invention is not so limited; in
fact, human antibodies may be used and may prove to be
preferable. Such antibodies can be obtained by using human
hybridomas (Cole et al., “Monoclonal Antibodies and Cancer
Therapy”, Alan R. Liss Inc., p. 77-96, 1985). Techniques
developed for the production of antibodies of the invention,
including chimeric antibodies are described, for example, in
Morrison et al., Proc. Natl. Acad. Sci. 81, 6851-6855, 1984,
Neuberger et al., Nature 312, 604-608, 1984; Takeda et al.,
Nature 314, 452-454, 1985; Crawford et al., J. Gen. Virol.,
64:697-700, 1983; Kozbor and Roder, J. Immunol., 4:1275-
1280, 1981; Kozbor et al., Methods Enzymol., 121:120-140,
1986).

[0123] The invention also includes functional equivalents
or derivatives of the antibodies described in this specification.
Functional equivalents or derivatives include polypeptides
with amino acid sequences substantially identical to the
amino acid sequence of the variable or hypervariable regions
of the antibodies of the invention. Functional equivalents
have binding characteristics comparable to those of the anti-
bodies, and include, for example, chimerized, humanized and
single chain antibodies, antibody fragments, and antibodies,
or fragments thereof, fused to a second protein, or fragment
thereof. Methods of producing such functional equivalents
are disclosed, for example, in PCT Publication No. W093/
21319; European Patent No. 0239 400 B 1; PCT Publication
No. WO89/09622; European Patent Application No. 0338,
745; European Patent Application No. 0332424; and U.S. Pat.
No. 4,816,567; Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855, 1984; Boulianne et al., Nature, 312:643-646,
1984; Neuberger et al., Nature, 314:268-270, 1985, each of
which is herein incorporated by reference.

[0124] Chimerized antibodies preferably have constant
regions derived substantially or exclusively from human anti-
body constant regions and variable regions derived substan-
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tially or exclusively from the sequence of the variable region
from a mammal other than a human. Such humanized anti-
bodies are chimeric immunoglobulins, immunoglobulin
chains or fragments thereof (such as Fv, Fab, Fab', F(ab'), or
other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immu-
noglobulin. Methods for humanizing non-human antibodies
are well known in the art (for reviews see Vaswani and Hamil-
ton, Ann. Allergy Asthma Immunol., 81:105-119, 1998 and
Carter, Nature Reviews Cancer, 1:118-129, 2001). Generally,
a humanized antibody has one or more amino acid residues
introduced into it from a source that is non-human. These
non-human amino acid residues are often referred to as
import residues, which are typically taken from an import
variable domain. Humanization can be essentially performed
following the methods known in the art (Jones et al., Nature,
321:522-525, 1986; Riechmann et al., Nature, 332:323-329,
1988; and Verhoeyen et al., Science, 239:1534-1536 1988),
by substituting rodent CDRs or other CDR sequences for the
corresponding sequences of a human antibody. Accordingly,
such humanized antibodies are chimeric antibodies wherein
substantially less than an intact human variable domain has
been substituted by the corresponding sequence from a non-
human species (see for example, U.S. Pat. No. 4,816,567). In
practice, humanized antibodies are typically human antibod-
ies in which some CDR residues and possibly some FR resi-
dues are substituted by residues from analogous sites in
rodent antibodies (Presta, Curr. Op. Struct. Biol., 2:593-596,
1992).

[0125] Additional methods for the preparation of human-
ized antibodies can be found in U.S. Pat. Nos. 5,821,337, and
6,054,297, and Carter, (supra) which are all incorporated
herein by reference. The humanized antibody is selected from
any class of immunoglobulins, including IgM, IgG, IgD, IgA
and IgE, and any isotype, including IgG,, IgG.,, 1gG,, and
1gG,. Where cytotoxic activity is not needed. such as in the
present invention, the constant domain is preferably of the
IgG, class. The humanized antibody may comprise
sequences from more than one class or isotype, and selecting
particular constant domains to optimize desired effector func-
tions is within the ordinary skill in the art.

[0126] Human antibodies can also be produced using vari-
ous techniques known in the art, including phage display
libraries (Marks et al., J. Mol. Biol., 222:581-597, 1991 and
Winter et al. Annu. Rev. Immunol., 12:433-455, 1994). The
techniques of Cole et al. and Boerner et al. are also useful for
the preparation of human monoclonal antibodies (Cole et al.,
supra; Boerner et al., J. Immunol., 147: 86-95, 1991).
[0127] Functional equivalents of antibodies also include
single-chain antibody fragments, also known as single-chain
antibodies (scFvs) and fragments of antibodies that have the
same or comparable binding characteristics to those of the
whole antibody. Such fragments may contain one or both Fab
fragments or the F(ab'), fragment. Preferably the antibody
fragments contain all six CDRs of the whole antibody,
although fragments containing fewer than all of such regions,
such as three, four or five CDRs, are also functional.

[0128] Functional equivalents may be or may combine
members of any one of the following immunoglobulin
classes: IgG, IgM, IgA, IgD, or IgE, and the subclasses
thereof. Equivalents of antibodies are prepared by methods
known in the art. For example, fragments of antibodies may
be prepared enzymatically from whole antibodies. Prefer-
ably, equivalents of antibodies are prepared from DNA
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encoding such equivalents. DNA encoding fragments of anti-
bodies may be prepared by deleting all but the desired portion
of the DNA that encodes the full-length antibody.

[0129] DNA encoding chimerized antibodies may be pre-
pared by recombining DNA substantially or exclusively
encoding human constant regions and DNA encoding vari-
able regions derived substantially or exclusively from the
sequence of the variable region of a mammal other than a
human. DNA encoding humanized antibodies may be pre-
pared by recombining DNA encoding constant regions and
variable regions other than the CDRs derived substantially or
exclusively from the corresponding human antibody regions
and DNA encoding CDRs derived substantially or exclu-
sively from a manual other than a human.

Antagonistic Nucleic Acid Molecules

[0130] The present invention also features antisense
nucleobase oligomers to HspA12B and the use of such oli-
gomers to downregulate expression of HspA12B mRNA. By
binding to the complementary nucleic acid sequence (the
sense or coding strand), antisense nucleobase oligomers are
able to inhibit protein expression presumably through the
enzymatic cleavage of the RNA strand by RNAse H. Prefer-
ably the antisense nucleobase oligomer is capable of reducing
HspAl12B protein expression in a cell that expresses
increased levels of HspA12B. Preferably the decrease in
HspA12B protein expression is at least 10% relative to cells
treated with a control oligonucleotide, preferably 20% or
greater, more preferably 40%, 50%, 60%, 70%, 80%, 90% or
greater. Methods for selecting and preparing antisense
nucleobase oligomers are well known in the art. Methods for
assaying levels of protein expression are also well known in
the art and include western blotting, immunoprecipitation,
and ELISA.

[0131] One example of an antisense nucleobase oligomer
particularly useful in the methods and compositions of the
invention is a morpholino oligomer. Morpholinos are used to
block access of other molecules to specific sequences within
nucleic acid molecules. They can block access of other mol-
ecules to small (~25 base) regions of ribonucleic acid (RNA).
Morpholinos are sometimes referred to as PMO, an acronym
for phosphorodiamidate morpholino oligo.

[0132] Morpholinos are used to knock down gene function
by preventing cells from making a targeted protein or by
modifying the splicing of pre-mRNA. Morpholinos are syn-
thetic molecules that bind to complementary sequences of
RNA by standard nucleic acid base-pairing. While morpholi-
nos have standard nucleic acid bases, those bases are bound to
morpholine rings instead of deoxyribose rings and linked
through phosphorodiamidate groups instead of phosphates.
Replacement of anionic phosphates with the uncharged phos-
phorodiamidate groups eliminates ionization in the usual
physiological pH range, so morpholinos in organisms or cells
are uncharged molecules.

[0133] Morpholinos act by “steric blocking” or binding to a
target sequence within an RNA and blocking molecules
which might otherwise interact with the RNA. Because of
their completely unnatural backbones, morpholinos are not
recognized by cellular proteins. Nucleases do not degrade
morpholinos and morpholinos do not activate toll-like recep-
tors and so they do not activate innate immune responses such
as the interferon system or the NF-kB mediated inflammation
response. Morpholinos are also not known to modify methy-
lation of DNA. Therefore, morpholinos directed to any part of
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HspA12B and that reduce or inhibit the expression levels or
biological activity of HspA12B are particularly useful in the
methods and compositions of the invention that require the
use of HspA12B antagonistic compounds.

[0134] The present invention also features the use of RNA
interference (RNA1) to inhibit expression of HspA12B. RNAi
is a form of post-transcriptional gene silencing initiated by
the introduction of double-stranded RNA (dsRNA). Short 15
to 32 nucleotide double-stranded RNAs, known generally as
“siRNAs,” “small RNAs,” or “microRNAs” are effective at
down-regulating gene expression in nematodes (Zamore et
al., Cell 101: 25-33) and in mammalian tissue culture cell
lines (Elbashir et al., Nature 411:494-498, 2001, hereby
incorporated by reference). The further therapeutic effective-
ness of this approach in mammals was demonstrated in vivo
by McCaffrey et al. (Nature 418:38-39. 2002). The small
RNAs are at least 15 nucleotides, preferably, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
nucleotides in length and even up to 50 or 100 nucleotides in
length (inclusive of all integers in between). Such small
RNAs that are substantially identical to or complementary to
any region of HspA12B, are included in the invention.
[0135] Therefore, the invention includes any small RNA
substantially identical to at least 15 nucleotides, preferably,
17,18,19,20, 21,22, 23,24, 25,26,27,28,29,30,31, 32,33,
34, or 35, nucleotides in length and even up to 50 or 100
nucleotides in length (inclusive of all integers in between) of
any region of HspAl12B. It should be noted that longer
dsRNA fragments can be used that are processed into such
small RNAs. Useful small RNAs can be identified by their
ability to decrease HspA12B expression levels or biological
activity. Small RNAs can also include short hairpin RNAs in
which both strands of an siRNA duplex are included within a
single RNA molecule.

[0136] The specific requirements and modifications of
small RNA are known in the art and are described, for
example, in PCT Publication No. WO01/75164, and U.S.
Application ~ Publication =~ Numbers 20060134787,
20050153918, 20050058982, 20050037988,  and
20040203145, the relevant portions of which are herein incor-
porated by reference. In particular embodiments, siRNAs can
be synthesized or generated by processing longer double-
stranded RNAs, for example, in the presence of the enzyme
dicer under conditions in which the dsRNA is processed to
RNA molecules of about 17 to about 26 nucleotides. siRNAs
can also be generated by expression of the corresponding
DNA fragment (e.g., a hairpin DNA construct). Generally, the
siRNA has a characteristic 2- to 3-nucleotide 3' overhanging
ends, preferably these are (2'-deoxy) thymidine or uracil. The
siRNAs typically comprise a 3" hydroxyl group. In some
embodiments, single stranded siRNAs or blunt ended dsRNA
are used. In order to further enhance the stability of the RNA,
the 3' overhangs are stabilized against degradation. In one
embodiment, the RNA is stabilized by including purine
nucleotides, such as adenosine or guanosine. Alternatively,
substitution of pyrimidine nucleotides by modified analogs
e.g. substitution of uridine 2-nucleotide overhangs by (2'-
deoxy)thymide is tolerated and does not affect the efficiency
of RNAI. The absence of a 2' hydroxyl group significantly
enhances the nuclease resistance of the overhang in tissue
culture medium.

[0137] siRNA molecules can be obtained through a variety
of protocols including chemical synthesis or recombinant
production using a Drosophila in vitro system. They can be
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commercially obtained from companies such as Dharmacon
Research Inc. or Xeragon Inc., or they can be synthesized
using commercially available kits such as the Silencer™
siRNA Construction Kit from Ambion (catalog number
1620) or HiScribe™ RNAi Transcription Kit from New
England BioLabs (catalog number E2000S).

[0138] Alternatively siRNA can be prepared using standard
procedures for in vitro transcription of RNA and dsRNA
annealing procedures such as those described in Elbashir et
al. (Genes & Dev., 15:188-200, 2001), Girard et al., (Nature
Jun. 4, 2006, e-publication ahead of print), Aravin et al.,
(Nature Jun. 4, 2006, e-publication ahead of print), Grivna et
al., (Genes Dev. Jun. 9, 2006, e-publication ahead of print),
and Lau et al., (Science Jun. 15, 2006, e-publication ahead of
print). siRNAs are also obtained by incubation of dsSRNA that
corresponds to a sequence of the target gene in a cell-free
Drosophila lysate from syncytial blastoderm Drosophila
embryos under conditions in which the dsRNA is processed
1o generate siRNAs of about 21 to about 23 nucleotides,
which are then isolated using techniques known to those of
skill inthe art. For example, gel electrophoresis can be used to
separate the 21-23 nt RNAs and the RNAs can then be eluted
from the gel slices. In addition, chromatography (e.g. size
exclusion chromatography), glycerol gradient centrifugation,
and affinity purification with antibody can be used to isolate
the small RNAs.

[0139] Shorthairpin RNAs (shRNAs), as described in Yu et
al. or Paddison et al. (Proc. Natl. Acad. Sci. USA, 99:6047-
6052, 2002, Genes & Dev, 16:948-958, 2002; incorporated
herein by reference), can also be used in the methods of the
invention. shRNAs are designed such that both the sense and
antisense strands are included within a single RNA molecule
and connected by a loop of nucleotides (3 or more). shRNAs
can be synthesized and purified using standard in vitro T7
transcription synthesis as described above and in Yu et al.
(supra). shRNAs can also be subcloned into an expression
vector that has the mouse U6 promoter sequences which can
then be transfected into cells and used for in vivo expression
of the shRNA.

[0140] A variety of methods are available for transfection,
or introduction, of dsRNA into mammalian cells. For
example, there are several commercially available transfec-
tion reagents useful for lipid-based transfection of siRNAs
including but not limited to: TransIT-TKO™ (Mirus, Cat. #
MIR 2150), Transmessenger™ (Qiagen, Cat. # 301525), Oli-
gofectamine™ and Lipofectamine™ (Invitrogen, Cat. # MIR
12252-011 and Cat. #13778-075), siPORT™ (Ambion, Cat.
#1631), DharmaFECT™ (Fisher Scientific, Cat. # T-2001-
01). Agents are also commercially available for electropora-
tion-based methods for transfection of siRNA, such as
siPORTer™ (Ambion Inc. Cat. # 1629). Microinjection tech-
niques can also be used. The small RNA can also be tran-
scribed from an expression construct introduced into the
cells, where the expression construct includes a coding
sequence for transcribing the small RNA operably linked to
one or more transcriptional regulatory sequences. Where
desired, plasmids, vectors, or viral vectors can also be used
for the delivery of dsRNA or siRNA and such vectors are
known in the art. Protocols for each transfection reagent are
available from the manufacturer. Additional methods are
known in the art and are described, for example in U.S. Patent
Application Publication No. 20060058255.

Therapeutic Methods

[0141] We have discovered that HspA12B agonist com-
pounds can be used to treat or prevent endothelial cell disor-
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ders or to promote endothelial cell health in a subject and that
HspA12B antagonist compounds can be used to treat or pre-
vent angiogenic disorders in a subject. The various disorders
that can be treated or prevented using the methods of the
invention are described below.

Treatment of Angiogenic Disorders

[0142] Any of the HspAl2B antagonist compounds
described herein can be used to treat or prevent an angiogenic
disorder in a subject. Angiogenesis is a complex, combinato-
rial process that is regulated by a balance between pro- and
anti-angiogenic molecules. Angiogenic stimuli (e.g. hypoxia
or inflammatory cytokines) result in the induced expression
and release of angiogenic growth factors such as vascular
endothelial growth factor (VEGF) or fibroblast growth factor
(FGF). These growth factors stimulate endothelial cells in the
existing vasculature to proliferate and migrate through the
tissue to form new endothelialized channels. There are a
variety of diseases in which angiogenesis is believed to be
important, referred to as angiogenic diseases or disorders,
including but not limited to cancer, particularly cancers which
require neovascularization to support tumor growth, infec-
tious diseases, autoimmune disorders, vascular malforma-
tions, DiGeorge syndrome, HHT, cavernous hemangioma,
atherosclerosis, transplant arteriopathy, vascular access
stenosis associated with hemodialysis, vasculitis, vasculiti-
dis, obesity, psoriasis, warts, allergic dermatitis, scar keloids,
pyogenic granulomas, blistering disease, Kaposi sarcoma,
persistent hyperplastic vitreous syndrome, retinopathy of
prematurity, choroidal neovascularization, macular degen-
eration, diabetic retinopathy, ocular neovascularization, pri-
mary pulmonary hypertension, asthma, nasal polyps, inflam-
matory bowel and periodontal disease, ascites, peritoneal
adhesions, contraception, endometriosis, uterine bleeding,
ovarian cysts, ovarian hyperstimulation, arthritis, rheumatoid
arthritis, chronic articular rheumatism, synovitis, osteoarthri-
tis, osteomyelitis, and osteophyte formation.

[0143] We have found that overexpression of HSPA12B
can increase the migration of endothelial cells and cause cells
to become more angiogenic. Thus, HSPA12B antagonist
compounds can be used as a therapeutic to block blood vessel
formation and to treat angiogenic disorders.

[0144] Angiogenic disorders can be diagnosed using stan-
dard techniques known in the art, such as detection of markers
of angiogenesis (e.g., increased VEGF and other pro-angio-
genic molecules or decreased anti-angiogenic molecules).
The therapeutic effectiveness of HspA12B antagonist com-
pounds, including fragments or derivatives thereof, can be
measured using in vitro and in vivo assays well known in the
art. (See for example Heeschen et al., J. Clin. Invest. 110:527-
536, (2002)). Assays include any of the assays for HspA12B
biological activity as described herein wherein a compound
that reduces or inhibits HspA12B biological activity is con-
sidered a compound useful for the treatment or prevention of
an angiogenic disorder.

[0145] Inaddition, assays can include angiogenesis assays
known in the art. One particular assay measures angiogenesis
in the chick chorioallantoic membrane (CAM) and is referred
to as the CAM assay. See Ausprunk et al., Am. J. Pathol.,
79:597-618, 1975; and Ossonski et al., Cancer Res., 40:2300-
2309, 1980. The CAM assay is a well recognized assay model
forin vivo angiogenesis because neovascularization of whole
tissue is occurring, and actual chick embryo blood vessels are
growing into the CAM or into the tissue grown on the CAM.



US 2009/0214572 Al

[0146] Another assay for measuring angiogenesis is the in
vivo rabbiteye model and is referred to as the rabbit eye assay.
The rabbit eye assay has been described in detail by others,
and further has been used to measure both angiogenesis and
neovascularization in the presence of angiogenic inhibitors
such as thalidomide. See D’ Amato et al., Proc. Natl. Acad.
Sci. 91:4082-4085, 1994. The rabbit eye assay is a well rec-
ognized assay model for in vivo angiogenesis because the
neovascularization process, exemplified by rabbit blood ves-
sels growing from the rim of the cornea into the cornea, is
easily visualized through the naturally transparent cornea of
the eye. Additionally, both the extent and the amount of
inhibition of neovascularization or regression of neovascular-
ization can easily be monitored over time.

[0147] A further assay for measuring angiogenesis in the
chimeric mouse:human mouse model and is referred to as the
chimeric mouse assay. The assay has been described in detail
by others, and further has been described herein to measure
angiogenesis, neovascularization, and regression of tumor
tissues. See Yan, et al., J. Clin. Invest. 91:986-996, 1993. The
chimeric mouse assay is a useful assay model for in vivo
angiogenesis because the transplanted skin grafts closely
resemble normal human skin histologically and neovascular-
ization of whole tissue is occurring wherein actual human
blood vessels are growing from the grafted human skin into
the human tumor tissue on the surface of the grafted human
skin. The origin of the neovascularization into the human
graft can be demonstrated by immunohistochemical staining
of the neovasculature with human-specific endothelial cell
markers. The chimeric mouse assay demonstrates regression
ofneovascularization based on both the amount and extent of
regression of new vessel growth. Furthermore, it is easy to
monitor effects on the growth of any tissue transplanted upon
the grafted skin, such as a tumor tissue.

[0148] In addition, the zebrafish assays described herein
(e.g., microangiopathy and visualization of circulation
defects) are useful assays for identifying HspA12B antago-
nist compounds.

[0149] HspAl2B antagonist compounds useful in the
methods of the invention can be identified using any of the
assays described above. Preferred HspA12B antagonist com-
pounds will generally reduce or inhibit angiogenesis by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
more.

Combination Therapies

[0150] Invarious embodiments HspA12B antagonist com-
pounds can be provided in conjunction (e.g., before, during,
or after) with additional therapies for reducing or inhibiting
angiogenesis or for treating or preventing an angiogenic dis-
order.

[0151] Angiogenesis inhibitors, also known as anti-angio-
genic agents, that may be used in combination with any of the
HspA12B antagonist compounds include an anti-angiogenic
antibody, an antibody that binds VEGF-A, an antibody that
binds a VEGF receptor and blocks VEGF binding, avastin,
endostatin, angiostatin, restin, tumstatin, TNP-470, 2-meth-
oxyestradiol, lucentis, macugen, thalidomide, a peptide frag-
ment of an anti-angiogenic protein, canstatin, arrestin, a
VEGF kinase inhibitor, CPTK787, SFH-1, an anti-angio-
genic protein, thrombospondin-1, platelet factor-4, inter-
feron-a, an agent that blocks TIE-1 or TIE-2 signaling, or
PIH12 signaling, an agent that blocks an extracellular vascu-
lar endothelial (VE) cadherin domain, an antibody that binds
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to an extracellular VE-cadherin domain, tetracycline, penicil-
lamine, vinblastine, cytoxan, edelfosine, tegafur or uracil,
curcumin, green tea, genistein, resveratrol, N-acetyl cysteine,
captopril, a cox-2 inhibitor, celecoxib, and rofecoxib.

[0152] The dosage of the angiogenesis inhibitor will
depend on other clinical factors such as weight and condition
of the human or animal and the route of administration of the
compound. For treating humans or animals, between approxi-
mately 0.5 mg/kg to 500 mg/kg body weight of the angiogen-
esis inhibitor can be administered. A more preferable range is
1 mg/kg to 100 mg/kg body weight with the most preferable
range being from 2 mg/kg to 50 mg/kg body weight. Depend-
ing upon the half-life of the angiogenesis inhibitor in the
particular animal or human, the angiogenesis inhibitor can be
administered between several times per day to once a week.
The methods of the present invention provide for single as
well as multiple administrations, given either simultaneously
or over an extended period of time.

[0153] For therapeutic applications that are used for the
treatment of angiogenic disorders that include cancer, the
HspA12B antagonist compound can be provided in conjunc-
tion (e.g., before, during, or after) with additional therapies
for treating or preventing tumor growth or metastasis. Treat-
ment therapies include but are not limited to surgery, radiation
therapy, chemotherapy, biologic therapy (e.g., cytokines,
immunotherapy, and interferons), differentiating therapy,
immune therapy, anti-angiogenic therapy, hormone thera-
pies, or hyperthermia. HspA12B antagonist compounds may
be formulated alone or in combination with any additional
cancer therapies in a variety of ways that are known in the art.
Such additional cancer therapies can be administered before,
during, or after the administration of HspA12B antagonist
compounds.

Treatment of Endothelial Cell Disorders and Promotion of
Endothelial Cell Health

[0154] Any of the HspA12B agonist compounds described
herein can be used to treat or prevent an endothelial cell
disorder in a subject or to promote endothelial cell healthin a
subject. Endothelial cell health is measured by any of the
following criteria: endothelial cell proliferation and preven-
tion or inhibition of endothelial cell death or senescence;
endothelial cell migration; the ability to form a barrier and
prevent the movement of molecules and cells through the
barrier; the ability to maintain anti-coagulation function; and
the ability to maintain vascular tone. An endothelial cell that
is considered healthy will have normal levels (i.e., a level
equivalent to that found in a normal endothelial cell) of any of
the above parameters for endothelial cell function.

[0155] There are a variety of diseases in which endothelial
cell health is believed to be important, referred to as endot-
helial cell diseases or disorders. In general, endothelial dis-
ease is characterized by insufficient angiogenesis, vascular
leak, altered vasomotor tone, anti-coagulation properties,
hypertension, vasoconstriction, and anti-inflammatory prop-
erties. Examples of such disorders include, but are not limited
to Alzheimer’s disease, amyotrophic lateral sclerosis, dia-
betic neuropathy, stroke, atherosclerosis, diabetes, restenosis,
coronary artery disease, peripheral vascular disease, vascular
leak, vasculitis, vasculitidis, Wegner’s disease, gastric or oral
ulcerations, cirrhosis, hepatorenal syndrome, Crohn’s dis-
ease, hair loss, skin purpura, telangiectasia, venous lake for-
mation, delayed wound healing, pre-eclampsia, sepsis,
ischemia-reperfusion injury, hypertension, chronic or acute
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infection, menorrhagia, neonatal respiratory distress, pulmo-
nary fibrosis, emphysema, nephropathy, glomerulonephritis,
sclerodoma, and vascular abnormalities.

[0156] We have found that a reduction in the expression of
HspA12B can decrease the migration of endothelial cells, can
cause poor endothelial tube formation and can block Akt
phosphorylation which is involved in endothelial cell migra-
tion. Thus, HspA12B agonists can be used as a therapeutic to
promote endothelial cell health, to promote neovasculariza-
tion, and to prevent vascular leakage.

[0157] Endothelial cell disorders can be diagnosed using
standard techniques known in the art, including, for example,
diagnostic methods for pre-eclampsia (as described in U.S.
Patent Application Publication No. 20050170444), and blood
pressure measurement, assessment of the arm brachial index,
ultrasonic scanning, angiography, CT, and MRI to detect
circulatory obstruction. The therapeutic effectiveness of
HspA12B agonist compounds can be measured using in vitro
and in vivo assays well known in the art including any of the
assays for HspA12B biological activity or for endothelial cell
health, as described herein. In one example, measurements of
total circulating endothelial cells or measurement of endot-
helial precursor cells are used as an indicator of endothelial
cell health. (See for example, Goon et al., Neoplasia 8:79-88
(2006), Aicher et al., Hypertension 45:321-325 (2005), and
Ingram et al., Blood 106:1525-1531 (2005)).

[0158] HspA12B agonist compounds useful in the methods
of the invention can be identified using any of the assays
described above. Preferred HspA12B agonist compounds
will generally increase HspAl2B biological activity or
expression levels by at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or more.

Combination Therapies

[0159] In various embodiments HspA12B agonist com-
pounds can be provided in conjunction (e.g., before, during,
or after) with additional therapies for promoting endothelial
cell health or for treating or preventing an endothelial cell
disorder. Such therapies are known in the art and include the
administration of pro-angiogenic factors such as VEGF (in-
cluding all isoforms), Ang-1, and growth factors such as
PDGF, TGF-f, and bFGF.

HspA12B Antagonists for the Induction of Vascular Leak

[0160] For certain applications, a temporary state of vascu-
lar leak is desired. Such applications include the need to break
down the blood-brain barrier to treat diseases such as brain
diseases or brain tumors, in which CNS penetration is needed.
Other therapeutic applications of vascular leak include local-
ized breakdown of the capillary permeability barrier to pro-
mote fluid and phagocyte extravasation (to clear infection
from poorly perfused areas such as synovial cavities), and to
promote loss of proteins and other molecules into urine by
increasing renal capillary permeability. For such applica-
tions, an HspA12B antagonist can be used to induce the state
ofvascularleak. Any ofthe HspA12B antagonist compounds
can be prepared and administered using any of the methods
described.

[0161] Therapeutic Formulations

[0162] Theinvention includes the use of HspA12B antago-
nists to treat, prevent or reduce angiogenic disorders in a
subject. The HspA12B antagonist can be administered at
anytime, for example, after diagnosis or detection of an
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angiogenic disorder, or for prevention of an angiogenic dis-
order in subjects that have not yet been diagnosed with an
angiogenic disorder but are at risk of developing such a dis-
order, or after a risk of developing an angiogenic disorder is
determined. The invention also includes the use of HspA12B
agonist compounds to treat, prevent, or reduce endothelial
cell disorders in a subject. The HspA12B agonist compound
can be administered at anytime, for example, after diagnosis
or detection of an endothelial cell disorder, or for prevention
of an endothelial cell disorder in subjects that have not yet
been diagnosed with an endothelial cell disorder but are at
risk of developing such adisorder, or after a risk of developing
an endothelial cell disorder is determined, or to promote
neovascularization or endothelial cell health in an individual
in need of such a therapy.

[0163] An HspAl2B agonist or antagonist compound of
the invention may be formulated within a pharmaceutically-
acceptable diluent, carrier, or excipient, in unit dosage form.
Conventional pharmaceutical practice may be employed to
provide suitable formulations or compositions to administer
HspA12B agonist or antagonist compound of the invention to
patients suffering from an angiogenic disorder or an epithelial
cell disorder. Administration may begin before the patient is
symptomatic. The HspA12B agonist and antagonist com-
pounds of the present invention can be formulated and admin-
istered in a variety of ways, e.g., those routes known for
specific indications, including, but not limited to, topically,
orally, subcutaneously, bronchioscopic injection, intrave-
nously, intracerebrally, intranasally, transdermally, intraperi-
toneally, intramuscularly, intrapulmonary, vaginally, rectally,
intraarterially, intralesionally, parenterally, intraventricularly
in the brain, or intraocularly. The HspA12B agonist or
antagonist compound can be in the form of a pill, tablet,
capsule, liquid, or sustained release tablet for oral adminis-
tration; or a liquid for intravenous administration, subcutane-
ous administration, or injection; for intranasal formulations,
in the form of powders, nasal drops, or aerosols; or a polymer
or other sustained release vehicle for local administration.

[0164] Therapeutic formulations are prepared using stan-
dard methods known in the art by mixing the active ingredient
having the desired degree of purity with optional physiologi-
cally acceptable carriers, excipients or stabilizers (Reming-
ton’s Pharmaceutical Sciences (20” edition), ed. A. Gennaro,
2000, Lippincott, Williams & Wilkins, Philadelphia, Pa.), in
the form of lyophilized formulations or aqueous solutions.
Acceptable carriers, include saline, or buffers such as phos-
phate, citrate and other organic acids; antioxidants including
ascorbic acid; low molecular weight (less than about 10 resi-
dues) polypeptides; proteins, such as serum albumin, gelatin
or immunoglobulins; hydrophilic polymers such as polyvi-
nylpyrrolidone, amino acids such as glycine, glutamine,
asparagines, arginine or lysine; monosaccharides, disaccha-
rides, and other carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; sugar alcohols
stich as mannitol or sorbitol; salt-forming counterions such as
sodium; and/or nonionic surfactants such as TWEENTM,
PLURONICS™, or PEG.

[0165] Optionally, but preferably, the formulation containg
a pharmaceutically acceptable salt, preferably sodium chlo-
ride, and preferably at about physiological concentrations.
Optionally, the formulations of the invention can contain a
pharmaceutically acceptable preservative. In some embodi-
ments the preservative concentration ranges from 0.1 to0 2.0%,
typically v/v. Suitable preservatives include those known in
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the pharmaceutical arts. Benzyl alcohol, phenol, m-cresol,
methylparaben, and propylparaben are preferred preserva-
tives. Optionally, the formulations of the invention can
include a pharmaceutically acceptable surfactant. Preferred
surfactants are non-ionic detergents.

[0166] For parenteral administration, the HspA12B agonist
or antagonist compounds are formulated in a unit dosage
injectable form (solution, suspension, emulsion) in associa-
tion with a pharmaceutically acceptable parenteral vehicle.
Such vehicles are inherently nontoxic, and non-therapeutic.
Examples of such vehicles are water, saline, Ringer’s solu-
tion, dextrose solution, and 5% human serum albumin. Non-
aqueous vehicles such as fixed oils and ethyl oleate may also
beused. Liposomes may be used as carriers. The vehicle may
contain minor amounts of additives such as substances that
enhance isotonicity and chemical stability, e.g., buffers and
preservatives.

[0167] The dosage required depends on the choice of the
route of administration; the nature of the formulation; the
nature of the subject’s illness; the subject’s size, weight, sur-
face area, age, and sex; other drugs being administered; and
the judgment of the attending physician. Wide variations in
the needed dosage are to be expected in view of the variety of
polypeptides and fragments available and the differing effi-
ciencies of various routes of administration. For example,
oral administration would be expected to require higher dos-
ages than administration by intravenous injection. Variations
in these dosage levels can be adjusted using standard empiri-
cal routines for optimization as is well understood in the art.
Administrations can be single or multiple (e.g., 2-, 3-, 6-, 8-,
10-, 20-, 50-, 100-, 150-, or more). Encapsulation of the
polypeptide in a suitable delivery vehicle (e.g., polymeric
microparticles or implantable devices) may increase the effi-
ciency of delivery, particularly for oral delivery.

[0168] As described above, the dosage of the HspA12B
agonist or antagonist compound will depend on other clinical
factors such as weight and condition of the subject and the
route of administration of the compound. For treating sub-
jects, between approximately 0.01 mg/kg to 500 mg/kg body
weight of the HspA12B agonist or antagonist compound can
be administered. A more preferable range is 0.01 mg/kg to 50
mg/kg body weight with the most preferable range being
from 1 mg/kg to 25 mg/kg body weight. Depending upon the
half-life of the HspA12B agonist or antagonist compound in
the particular subject, the HspA12B agonist or antagonist
compound can beadministered between several times per day
to once a week. The methods of the present invention provide
for single as well as multiple administrations, given either
simultaneously or over an extended period of time.

[0169] Alternatively, a polynucleotide containing a nucleic
acid sequence encoding an HspA12B agonist or antagonist
compound can be delivered to the appropriate cells in the
subject. Expression of the coding sequence can be directed to
any cell in the body of the subject. preferably an endothelial
cell. This can be achieved by, for example, the use of poly-
meric, biodegradable microparticle or microcapsule delivery
devices known in the art.

[0170] The nucleic acid can be introduced into the cells by
any means appropriate for the vector employed. Many such
methods are well known in the art (Sambrook et al., supra, and
Watson et al., Recombinant DNA, Chapter 12, 2d edition,
Scientific American Books, 1992). Examples of methods of
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gene delivery include liposome mediated transfection, elec-
troporation, calcium phosphate/DEAE dextran methods,
gene gun, and microinjection.

[0171] In gene therapy applications, genes are introduced
into cells in order to achieve in vivo synthesis of a therapeu-
tically effective genetic product. “Gene therapy” includes
both conventional gene therapy where a lasting effect is
achieved by a single treatment, and the administration of gene
therapeutic agents, which involves the one time or repeated
administration of a therapeutically effective DNA or mRNA.
Standard gene therapy methods typically allow for transient
protein expression at the target site ranging from several
hours to several weeks. Re-application of the nucleic acid can
be utilized as needed to provide additional periods of expres-
sion of HspA12B agonist or antagonist compounds.

[0172] Alternatively, tissue specific targeting can be
achieved by the use of tissue- or cell-specific transcriptional
regulatory elements which are known in the art (e.g., endot-
helial cell specific promoters or enhancers). Delivery of
“naked DNA”™ (i.e., without a delivery vehicle) to an intra-
muscular, intradermal, or subcutaneous site is another means
to achieve in vivo expression.

[0173] Gene delivery using viral vectors such as adenovi-
ral, retroviral, lentiviral, or adeno-associated viral vectors can
also be used. Numerous vectors useful for this purpose are
generally known and have been described. In the relevant
polynucleotides (e.g., expression vectors), the nucleic acid
sequence encoding the HspAl12B agonist or antagonist
polypeptide (including an initiator methionine and optionally
a targeting sequence) is operatively linked to a promoter or
enhancer-promoter combination. Short amino acid sequences
can act as signals to direct proteins to specific intracellular
compartments. Such signal sequences are described in detail
in U.S. Pat. No. 5,827,516, incorporated herein by reference
in its entirety.

[0174] An ex vivo strategy can also be used for therapeutic
applications. Ex vivo strategies involve transfecting or trans-
ducing cells obtained from the subject with a polynucleotide
encoding an HspA12B agonist or antagonist compound. The
transfected or transduced cells are then returned to the sub-
ject. Such cells act as a source of the HspA12B agonist or
antagonist compound for as long as they survive in the sub-
ject.

[0175] The HspA12B agonist or antagonist compound for
use in the present invention may also be modified in a way to
form a chimeric molecule comprising HspA12B agonist or
antagonist compound fused to another, heterologous
polypeptide or amino acid sequence, such as an Fe sequence
or an additional therapeutic molecule (e.g., a chemotherapeu-
tic or cytotoxic agent).

[0176] The HspA12B agonist or antagonist compound can
be packaged alone or in combination with other therapeutic
compounds as a kit. Non-limiting examples include kits that
contain, e.g., two pills, a pill, and a powder, a suppository and
a liquid in a vial, two topical creams, etc.

[0177] The kit can include optional components that aid in
the administration of the unit dose to patients, such as vials for
reconstituting powder forms, syringes for injection, custom-
ized IV delivery systems, inhalers, etc. Additionally, the unit
dose kit can contain instructions for preparation and admin-
istration of the compositions. The kit may be manufactured as
a single use unit dose for one patient, multiple uses for a
particular patient (at a constant dose or in which the indi-
vidual compounds may vary in potency as therapy
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progresses); or the kit may contain multiple doses suitable for
administration to multiple patients (“bulk packaging™). The
kit components may be assembled in cartons, blister packs,
bottles, tubes, and the like.

Diagnostic Methods

[0178] The present invention features methods and compo-
sitions for the diagnosis of an angiogenic disorder or an
endothelial cell disorder or the propensity to develop such a
condition using HspA12B polypeptides, nucleic acid mol-
ecules, and antibodies. The methods and compositions can
include the measurement of HspA12B polypeptides, either
free orbound to another molecule, or any fragments or deriva-
tives thereof. Alterations in HspA12B expression or biologi-
cal activity in a test sample as compared to a normal reference
can be used to diagnose any of the disorders of the invention.
[0179] A subject having an endothelial cell disorder or an
angiogenic disorder, or a propensity to develop such a condi-
tion, will show an alteration (e.g., an increase or a decrease of
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more)
in the expression of a HspA12B polypeptide. For example, a
decrease in the HspA12B polypeptide levels compared to a
normal reference is diagnostic for endothelial cell disorders
or a propensity to develop an endothelial cell disorder. An
increase in the HspA12B polypeptide levels compared to a
normal reference is diagnostic of an angiogenic disorder or a
propensity to develop an angiogenic disorder. The HspA12B
polypeptide can include full-length HspA12B polypeptide,
degradation products, alternatively spliced isoforms of
HspAl12B polypeptide, enzymatic cleavage products of
HspA12B polypeptide, and the like.

[0180] Standard methods may be used to measure levels of
HspA12B polypeptide in any bodily fluid, including, but not
limited to, urine, blood, serum, plasma, saliva, amniotic fluid,
or cerebrospinal fluid. Such methods include immunoassay,
ELISA, western blotting using antibodies directed to
HspA12B polypeptide, and quantitative enzyme immunoas-
say techniques. ELISA assays are the preferred method for
measuring levels of HspA12B polypeptide. In one example,
an HspA12B binding protein, for example an antibody that
specifically binds a HspAl12B polypeptide, is used in an
immunoassay for the detection of HspA12B and the diagno-
sis of any of the disorders described herein or the identifica-
tion of a subject at risk of developing such disorders.

[0181] HspAl2B nucleic acid molecules, or fragments or
oligonucleotides of HspA12B that hybridize to HspA12B at
high stringency may be used as a probe to monitor expression
of HspA12B nucleic acid molecules in the diagnostic meth-
ods of the invention. Any of the HspA12B nucleic acid mol-
ecules above can also be used to identify subjects having a
genetic variation, mutation, or polymorphism in a HspA12B
nucleic acid molecule that are indicative of a predisposition to
develop the conditions. These polymorphisms may affect
HspA12B nucleic acid or polypeptide expression levels or
biological activity. Detection of genetic variation, mutation,
or polymorphism relative to a normal, reference sample can
beused as a diagnostic indicator of a metastatic disease, or the
propensity to develop such a condition.

[0182] Such genetic alterations may be present in the pro-
moter sequence, an open reading frame, intronic sequence, or
untranslated 3' region of a HspA12B gene. As noted through-
out, specific alterations in the levels of biological activity of
HspA12B can be correlated with the likelihood of an angio-
genic disorder or an endothelial cell disorder, or the predis-
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position to the same. As a result, one skilled in the art, having
detected a given mutation, can then assay one or more metrics
of the biological activity of the protein to determine if the
mutation causes or increases the likelihood of an angiogenic
disorder or an endothelial cell disorder, or the predisposition
to the same.

[0183] Inoneembodiment, a subject having an endothelial
cell disorder, or the predisposition to the same, or a propensity
to develop such a condition will show a decrease in the
expression of a nucleic acid encoding HspA12B. In another
embodiment, a subject having an angiogenic disorder, or a
predisposition to the same, will show an increase in the
expression of a nucleic acid encoding HspA12B. Methods for
detecting such alterations are standard in the art and are
described in Ausubel et al., supra. In one example Northern
blotting or real-time PCR is used to detect HspA12B mRNA
levels.

[0184] Inanother embodiment, hybridization at high strin-
gency with PCR probes that are capable of detecting a
HspAl2B nucleic acid molecule, including genomic
sequences, or closely related molecules, may be used to
hybridize to a nucleic acid sequence derived from a subject
having an endothelial cell disorder, an angiogenic disorder, or
at risk of developing either disorder. The specificity of the
probe, whether it is made from a highly specific region, e.g.,
the 5' regulatory region, or from a less specific region, e.g., a
conserved motif, and the stringency of the hybridization or
amplification (maximal, high, intermediate, or low), deter-
mine whether the probe hybridizes to a naturally occurring
sequence, allelic variants, or other related sequences. Hybrid-
ization techniques may be used to identify mutations in an
HspA12B nucleic acid molecule, or may be used to monitor
expression levels of a gene encoding an HspA12B polypep-
tide (for example, by Northern analysis, Ausubel et al.,
supra).

[0185] Another method of detecting Hsp A 12B useful in the
diagnostic methods of the invention includes the detection of
antibodies that specifically bind to HspA12B in the blood or
serum of a subject. For such a diagnostic methods, an
HspA12B polypeptide, or fragment thereof, is used to detect
the presence of HspA12B antibodies in the blood or serum of
asubject. The subject sample can be compared to a reference,
preferably a normal reference and an increase in the level of
anti-HspA12B antibodies present is indicative of an angio-
genic disorder and a decrease in the level of anti-HspA12B
antibodies present is indicative of an endothelial cell disorder.

[0186] Diagnostic methods can include measurement of
absolute levels of HspA12B polypeptide, nucleic acid, or
antibody, or relative levels of HspA12B polypeptide, nucleic
acid, or antibody as compared to a reference sample. In one
example, alterations in the levels of HspA12B polypeptide,
nucleic acid, or antibody as compared to a normal reference,
are considered a positive indicator of an angiogenic disorder,
an endothelial cell disorder, or the propensity to develop such
a disorder (an increase in the levels is indicative of an angio-
genic disorder and a decrease in the levels relative to a normal
reference is indicative of an endothelial cell disorder).

[0187] In any of the diagnostic methods, the level of
HspA12B polypeptide, nucleic acid, or antibody, or any com-
bination thereof, is measured at least two different times from
the same subject and an alteration in the levels (e.g., by 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more) over
time is used as an indicator of an angiogenic disorder or an
endothelial disorder, or the propensity to develop such a con-
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dition. It will be understood by the skilled artisan that for
diagnostic methods that include the comparing of the
HspA12B polypeptide, nucleic acid, or antibody level to a
reference level, particularly a prior sample taken from the
same subject, a change in time with respect to the baseline
level can be used as a diagnostic indicator of an angiogenic
disorder or an endothelial cell disorder, or a predisposition to
either condition. The level of HspA12B polypeptide, nucleic
acid, or antibody in the bodily fluids of a subject having a
angiogenic disorder, or the propensity to develop such a con-
dition may be altered, e.g., increased by as little as 10%, 20%,
30%, or 40%, or by as much as 50%, 60%, 70%, 80%, or 90%
or more, relative to the level of HspA12B polypeptide,
nucleic acid, or antibody in a prior sample or samples. The
level of HspA12B polypeptide, nucleic acid, or antibody in
the bodily fluids of a subject having an endothelial cell dis-
order, or the propensity to develop such a condition may be
altered, e.g., decreased by as little as 10%, 20%, 30%, or 40%,
or by as much as 50%, 60%, 70%, 80%, or 90% or more,
relative to the level of HspA12B polypeptide, nucleic acid, or
antibody in a prior sample or samples.

[0188] The diagnostic methods described herein can be
used individually or in combination with any other diagnostic
method described herein for a more accurate diagnosis of the
presence of, severity of, or predisposition to an angiogenic
disorder or an endothelial cell disorder.

Diagnostic Kits

[0189] The invention also provides for a diagnostic test kit.
For example, a diagnostic test kit can include antibodies that
specifically bind to HspA12B polypeptide, and components
for detecting, and more preferably evaluating binding
between the antibodies and the HspA12B polypeptide. In
another example, the kit can include an HspA12B polypep-
tide or fragment thereof for the detection of HspA12B anti-
bodies in the serum or blood of a subject sample. For detec-
tion, either the antibody or the HspA12B polypeptide is
labeled, and either the antibody or the HspA12B polypeptide
(is substrate-bound, such that the HspA12B polypeptide-an-
tibody interaction can be established by determining the
amount of label attached to the substrate following binding
between the antibody and the HspA12B polypeptide. A con-
ventional ELISA is a common, art-known method for detect-
ing antibody-substrate interaction and can be provided with
the kit of the invention. HspA12B polypeptides can be
detected in virtually any bodily fluid, such as urine, plasma,
blood serum, semen, or cerebrospinal fluid. A kit that deter-
mines an alteration in the level of HspA12B polypeptide
relative to a reference, such as the level present in a normal
control, is useful as a diagnostic kit in the methods of the
invention.

[0190] Desirably, the kit will contain instructions for the
use of the kit. In one example, the kit contains instructions for
the use of the kit for the diagnosis of an angiogenic disorder,
or the propensity to develop an angiogenic disorder. In
another example, the kit contains instructions for the diagno-
sis of endothelial cell disorder. In yet another example, the kit
contains instructions for the use of the kit to monitor thera-
peutic treatment or dosage regimens.

[0191] Thekit can also contain a standard curve indicating
levels of HspA12B that fall within the normal range and
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levels that would be considered diagnostic of an endothelial
cell disorder, an angiogenic disorder, or the propensity to
develop any such disorder.

Subject Monitoring

[0192] The diagnostic methods described herein can also
be used to monitor an endothelial disorder or an angiogenic
disorder during therapy or to determine the dosages of thera-
peutic compounds. For example, alterations (e.g., a decrease
as compared to the positive reference sample for an angio-
genic disorder indicates an improvement in or the absence of
an angiogenic disorder and an increase as compared to the
positive reference sample for endothelial cell disorders indi-
cates an improvement in or the absence of an endothelial cell
disorder). In this embodiment, the levels of HspAl2B
polypeptide, nucleic acid, or antibodies are measured repeat-
edly as a method of not only diagnosing disease but also
monitoring the treatment, prevention, or management of the
disease. In order to monitor the progression of an angiogenic
disorder or an endothelial cell disorder in a subject, subject
samples are compared to reference samples taken early in the
diagnosis of the disorder. Such monitoring may be useful, for
example, in assessing the efficacy of a particular drug in a
subject, determining dosages, or in assessing disease progres-
sion or status. For example, HspA12B levels can be moni-
tored in a patient having an angiogenic disorder and as levels
of HspA12B decrease, drug dosages may be decreased as
well. HspA12B levels can also be monitored in a patient
having an endothelial disorder and as levels of HspAl2B
increase, drug dosages may be decreased as well.

[0193] Inaddition, the diagnostic methods of the invention
can be used to monitor a subject that has risk factors indicative
of an angiogenic disorder or an endothelial disorder. For
example a subject having a family history of an endothelial
cell disorder or the early indications for such a disorder (e.g.,
increase in blood pressure or blood vessel thickening or
blockage). In such an example, the therapeutic methods of the
invention or those known in the art can then be used proac-
tively to promote endothelial cell health and to prevent the
disorder from developing or from developing further. In
another example, a subject having a primary tumor can be
treated with the therapeutic methods of the invention for
angiogenic disorders to prevent metastasis of the tumor.

Screening Assays

[0194] As discussed above, we have discovered that
HspA12B is an endothelial cell specific distant member of the
HSP70 family of heat shock proteins that is critical for endot-
helial cell function and angiogenesis. Reductions in
HspA12B levels or biological activity results in an inhibition
of wound healing, endothelial cell migration, and tube for-
mation, therefore, compounds that increase the levels or bio-
logical activity of HspA12B are useful for promoting endot-
helial cell health and for treating endothelial cell disorders.
Conversely, increases in HspA12B levels or biological activ-
ity results in increased cell migration and angiogenesis; there-
fore, compounds that decrease the levels or biological activity
of HspA12B are useful for treating angiogenic disorders.
Based on these discoveries, HspA12B compositions of the
invention are useful for the high-throughput low-cost screen-
ing of candidate compounds to identify those that modulate,
orincrease or decrease (e.g., by atleast 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, or more), the expression or
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biological activity of HSPA12B. Compounds that increase
the expression or biological activity of HSPA12B can be used
for the treatment of endothelial disorders or to promote vas-
cular health. Compounds that decrease the expression or bio-
logical activity of HSPA12B can be used for the treatment of
angiogenic disorders.

[0195] Any number of methods are available for carrying
out screening assays to identify new candidate compounds
that modulate (e.g., increase or decrease) the expression ofan
HspA12B polypeptide or nucleic acid molecule. In one work-
ing example, candidate compounds are added at varying con-
centrations to the culture medium of cultured cells expressing
an HspA12B nucleic acid molecule. Gene expression is then
measured, for example, by microarray analysis, Northern blot
analysis (Ausubel et al., Current Protocols in Molecular Biol-
ogy, Wiley Interscience, New York, 2001), or RT-PCR, using
any appropriate fragment prepared from the HspA12B
nucleic acid molecule as a hybridization probe. The level of
gene expression in the presence of the candidate compound is
compared to the level measured in a control culture medium
lacking the candidate compound. A compound that promotes
an increase or a decrease in the expression of an HspA12B
gene or nucleic acid molecule, or a functional equivalent
thereof, is considered useful in the invention. If the compound
promotes an increase in the levels of the HspA12B gene or
nucleic acid molecule; such a molecule may be used, for
example, as a therapeutic to promote endothelial health in a
subject. If the compound promotes a decrease in the levels of
the HspA12B gene or nucleic acid molecule; such a molecule
may be used, for example, as a therapeutic to treat an angio-
genic disorder.

[0196] In another working example, an HspA12B nucleic
acidmolecule is expressed as a transcriptional or translational
fusion with a detectable reporter, and expressed in an isolated
cell (e.g., mammalian or insect cell) under the control of a
heterologous promoter, such as an inducible promoter. The
cell expressing the fusion molecule is then contacted with a
candidate compound, and the expression of the detectable
reporter in that cell is compared to the expression of the
detectable reporter in an untreated control cell. A candidate
compound that increases the expression of an HspAl12B
detectable reporter fusion is a compound that is useful as a
therapeutic to promote endothelial health in a subject. A
candidate compound that decreases the expression of an
HspA12B detectable reporter fusion is a compound that is
useful as a therapeutic to treat an angiogenic disorder in a
subject.

[0197] Inanother working example, the effect of candidate
compounds may be measured at the level of polypeptide
expression using the same general approach and standard
immunological techniques, such as Western blotting or
immunoprecipitation with an antibody specific for an
HspA12B polypeptide. For example, immunoassays may be
used to detect or monitor the expression of HspAl2B
polypeptides in an organism. Polyclonal or monoclonal anti-
bodies that are capable of binding to such a polypeptide may
be used in any standard immunoassay format (e.g., ELISA,
Western blot, or RIA assay) to measure the level of the
polypeptide. In some embodiments, a compound that pro-
motes an alteration, such as an increase or a decrease, in the
expression or biological activity of an HspA12B polypeptide
is considered particularly useful. Again, a candidate com-
pound that increases the expression level or biological activ-
ity of an HspA12B polypeptide is a compound that is useful as
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a therapeutic to promote endothelial health in a subject. A
candidate compound that decreases the expression level or
biological activity of an HspA12B polypeptide is a com-
pound that is useful as a therapeutic to treat an angiogenic
disorder in a subject.

[0198] In yet another working example, candidate com-
pounds may be screened to identify those that specifically
bind to an HspA12B polypeptide, preferably one that specifi-
cally binds to the ATPase domain or the substrate-binding
domain. The efficacy of such a candidate compound is depen-
dent upon its ability to interact with such a polypeptide or a
functional equivalent thereof. Such an interaction can be
readily assayed using any number of standard binding tech-
niques and functional assays (e.g., those described in Ausubel
etal., supra). In one embodiment, a candidate compound may
be tested in vitro for its ability to specifically bind to an
HspA12B polypeptide. Compounds that specifically bind to
HspA12B and preferably act as an antagonist toHspA12B can
be used for the treatment of an angiogenic disorder.

[0199] In one particular working example, a candidate
compound that binds to an HspA12B polypeptide may be
identified using a chromatography-based technique. For
example, a recombinant HspA12B may be purified by stan-
dard techniques from cells engineered to express HspA12B
and may be immobilized on a column. A solution of candidate
compounds is then passed through the column, and a com-
pound specific for the HspA12B polypeptide is identified on
the basis of its ability to bind to the polypeptide and be
immobilized on the column. To isolate the compound, the
column is washed to remove non-specifically bound mol-
ecules, and the compound of interest is then released from the
column and collected. Similar methods may be used to isolate
a compound bound to a polypeptide microarray. Compounds
isolated by this method (or any other appropriate method)
may, if desired, be further purified (e.g., by high performance
liquid chromatography). In addition, these candidate com-
pounds may be tested for their ability to function as an antago-
nist to the HspA12B polypeptide. Compounds isolated by
this approach may also be used, for example, as therapeutics
to treat or prevent an angiogenic disorder in a subject. Com-
pounds that are identified as binding to HspA12B with an
affinity constant less than or equal to 10 mM are considered
particularly useful in the invention. Alternatively, any in vivo
protein interaction detection system, for example, any two-
hybrid assay may be utilized to identify compounds or pro-
teins that bind to an HspA12B polypeptide of the invention.

Identification of New Compounds or Extracts

[0200] In general, compounds capable of increasing or
decreasing the activity of HSPA12B are identified from large
libraries of both natural product or synthetic (or semi-syn-
thetic) extracts or chemical libraries or from polypeptide or
nucleic acid 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 the screening procedure(s) of the
invention. Compounds used in screens may include known
compounds (for example, known therapeutics used for other
diseases or disorders). Alternatively, virtually any number of
unknown 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 animal-based extracts, fermentation
broths, and synthetic compounds, as well as modification of
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existing compounds. Numerous methods are also available
for generating random or directed synthesis (e.g., semi-syn-
thesis or total synthesis) of any number of chemical com-
pounds, including, but not limited to, saccharide-, lipid-, pep-
tide-, and nucleic acid-based compounds. Synthetic
compound libraries are commercially available from Bran-
don Associates (Merrimack, N.H.) and Aldrich Chemical
(Milwaukee, Wis.). Alternatively, libraries of natural com-
pounds 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,
Fla.), and PharmaMar, U.S.A. (Cambridge, Mass.). In addi-
tion, natural and synthetically produced libraries are pro-
duced, if desired, according to methods known in the art, e.g.,
by standard extraction and fractionation methods. Further-
more, if desired, any library or compound is readily modified
using standard chemical, physical, or biochemical methods.

[0201] Inaddition, those skilled in the art of drug discovery
and development readily understand that methods for derep-
lication (e.g., taxonomic dereplication, biological dereplica-
tion, and chemical dereplication, or any combination thereof)
or the elimination of replicates or repeats of materials already
known for their molt-disrupting activity should be employed
whenever possible.

[0202] When a crude extract is found to increase or
decrease the biological activity or expression levels of an
HSPA12B polypeptide, or to bind to an HSPA12B polypep-
tide, further fractionation of the positive lead extract is nec-
essary to isolate chemical constituents responsible for the
observed effect. Thus, the goal of the extraction, fraction-
ation, and purification process is the careful characterization
and identification of a chemical entity within the crude extract
that decreases the biological activity of an HSPA12B
polypeptide. Methods of fractionation and purification of
such heterogeneous extracts are known in the art. If desired,
compounds shown to be useful as therapeutics for the treat-
ment or prevention of an endothelial cell disorder or an angio-
genic disorder are chemically modified according to methods
known in the art.

EXAMPLES

[0203] We sought to discover novel genes of functional
importance in early vessel formation by a two-step process:
(A) the screening of 4000 transcripts from a zebrafish kidney/
bone marrow ¢cDNA library (Galloway et al., Dev. Ce/l 8:109-
116 (2005)) to identify those whose expression was relatively
restricted to developing vessels in the 24-72 hpf period, and
(B) the use of antisense morpholino oligonucleotides medi-
ated knockdown in embryos to assess a vascular phenotype.
Of the approximately 50 transcripts from the library whose
expression was localized mainly to vasculature during early
development, we focused attention on one designated as
GA2692, which at the time these studies were initiated, had
homology to the human ¢cDNA FLI32150, of which nothing
was known in terms of expression or function. More recently,
FLJ32150 was found to be identical to HspA12B, a transcript
present in macrophages in atherosclerotic lesions (Han et al.,
Proc. Natl. Acad. Sci. USA 100:1256-1261 (2003)), but the
relevance of the expression and the function of the protein in
endothelial biology was unknown and unsuspected.
HspA12B is believed to be a distantly related member of the
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Hsp70 family but one containing an atypical ATPase domain
and adistinctive substrate binding domain located in its C-ter-
minus.

[0204] Hsp70s constitute one group of the heat shock pro-
tein superfamily, classified according to their molecular
weight: Hsp10, small Hsps, Hsp40, Hsp60, Hsp70, Hsp90
and Hsp1110 (Kiang and Tsokos, Pharmacol. Ther. 80:183-
201 (1998); Snoeckx et al., Physiol. Rev. 81:1461-1497
(2001)). As molecular chaperones, mammalian Hsp70s asso-
ciate with unfolded nascent precursor peptides to stabilize
them prior to their folding into mature proteins and reaching
their ultimate cellular compartments (Artigues et al., J. Biol.
Chem. 272:16852-16861 (1997); Beckmann et al., Science
248:850-854 (1990); Hartl et al., Annu. Rev. Biophys. Biomol.
Struct. 21:293-322 (1992)). Hsp70s can also aid in solubiliz-
ing and refolding damaged proteins or transporting them to
degradative organelles. Hsp70s are capable of protecting
cells, tissues, organs, and animals from various noxious con-
ditions (Kiang et al., Pharmacol. Ther. 80:183-201 (1998);
Marberetal., J. Clin. Invest. 95:1446-1456 (1995); Plumieret
al., J. Clin. Invest. 95:1854-1860 (1995); Polla et al., Am. J.
Physiol. 252:C640-C649 (1987); Ribeiro et al., Crit. Care
Med. 22:922-929 (1994); Samali and Cotter, Exp. Cell Res.
223:163-170 (1996); Takano et al., Cell Stress Chaperones.
3:109-117 (1998)).

[0205] Here we characterize the zebrafish GA2692 tran-
script and its presumed mammalian orthologue HspA12B
and show their selective expression in vasculature in zebrafish
and in endothelial cells (ECs) in vitro. Then, using antisense
morpholino oligos and small interfering RNA (siRNA) meth-
odologies, we demonstrate that GA2692/HspA12B (which
for simplicity will henceforth be designated just as
HspA12B) is essential for zebrafish vascular development
and for endothelial cell migration, wound healing and tube
formation in vitro.

Experimental Procedures

[0206] The following experimental procedures were used
for the assays described below.

Isolation of cDNA Clone

[0207] GA2692 was identified by an whole-mount in situ
hybridization (WMISH) screen (Galloway et al., supra) and
was isolated from an adult zebrafish kidney ¢DNA library
(Dr. 1. Rast, Children’s Hospital, St. Petersburg, Fla.).

Zebrafish Lines and Maintenance

[0208] Adult zebrafish were maintained as described
(Westerfield, The zebrafish book. A guide for the laboratory
use of zebrafish (Damio rerio). Eugene, Oreg.. Univ. of
Oregon Press. (2000)). Developmental stages were deter-
mined by embryo morphology and hpf (Kimmel et al., Dev.
Dyn. 203:253-310 (1995)). Embryo medium was supple-
mented with 0.003% 1-phenyl-2-thiourea (Sigma) before 24
hpf to prevent melanin formation.

Whole-Mount In Situ Hybridization

[0209] Whole-mount in situ hybridization was carried out
as described (Jowett and Lettice, Trends. Genet. 10:73-74
(1994); Thisse et al., Methods Cell Biol. 77:505-519 (2004)).
For histological analysis, specimens were fixed in 4%
paraformaldehyde overnight at 4° C., dehydrated with etha-
nol, and embedded in JB-4™ resin (Polysciences, Inc., War-
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rington, Pa.). Specimens were sectioned at 6 um using a Jung
Supercut 2065 microtome and examined with a Nikon
Optiphot 2 Microscope.

Antisense Morpholino Oligonucleotides: Sequence and
Injection

[0210] Morpholino antisense oligos were designed and
synthesized by Gene Tools LLC., Philomath, Oreg. The
sequences are, S-ATATTACAGGACTTTCACAGCCCGA-
3'(SEQ ID NO: 6) (MOATG, targeting six bases upstream of
the ATG start site), S-ATTTTAGAGGAGTTTCACACCC
GGA-3' (SEQIDNO: 7) (MM, the corresponding mispairing
control for MOATG, the five mismatched bases are under-
lined) and 5'-ACAGACATAAATACCTCATCATGTG-3'
(SEQ ID NO: 8) (MOs3rd, MO targeting the third exon-
intron junction to block the splicing of mRNA precursor).
Solutions were prepared and injected as described (Nasevi-
cius and Ekker, 2000) using a gas driven microinjector (Pico-
Injector, PL1-90, Harvard Apparatus).

In Vitro Transcription and Translation

[0211] The TNT® Quick Coupled Reticulocyte Lysate sys-
tem (Promega) was used according to the manufacturer’s
protocol with modifications. In a 12.5 pl reaction, 0.25 pug of
pBK-CMV-HspA12B and different concentrations of
MOATG and MM (0, 10 nM, 1 pM and 10 uM final concen-
tration) were added to the TNT® Master Mix, containing all
of the required components for in vitro transcription and
translation plus **S-labeled methionine, and incubated at 30°
C. for 90 minutes. S**-labeled proteins were visualized by
autoradiography following resolution by 4-15% SDS-PAGE.
Reverse Transcription-PCR of HspA12B Fragments from
Zebrafish Embryos

[0212] Following collection of embryos 48 hours after
injection of various concentrations of MOs, total RNA was
extracted using RNeasy™ Mini Kit (Qiagen). Reverse tran-
scription was performed according to SuperScript™ I1I First-
Strand Synthesis System for RT-PCR using oligo dT primer
(Invitrogen). PCR was carried out using Platinum® Tag DNA
Polymerase (Invitrogen). Forward and reverse primers are
5"-GCTGTGAAAGTCCTGTAATA-3' (SEQ ID NO: 9) and
5S'-AAAGTATAGCCAATGTCTGG-3' (SEQ ID NO: 10),
respectively.

Endogenous Alkaline Phosphatase (AP) Staining

[0213] Whole-mount AP staining was carried out essen-
tially according to a published protocol (Habeck et al., Curr.
Biol 12:1405-1412 (2002)).

Microangiography

[0214] Microangiography was performed as described
(Weinstein et al., Nat. Med. 1:1143-1147 (1995)) except that
0.02 um Fluorospheres® with red fluorescence (Invitrogen)
in 1% bovine serum albumin (BSA) were injected into the
fish.

Time Lapse Analysis

[0215] Time lapse analysis movies were made as described
(Bedell et al., Proc. Natl. Acad. Sci. USA 102:6373-6378
(2005)) except that Tg(flil:EGFPY" embryos were used.

Northern Blot Analysis

[0216] Total RNA was extracted from different cell lines
using RNeasy™ mini kit (Qiagen). Ten pg of RNA was sub-
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jected to northern blotting. The full length human HspA12B
coding region was PCR amplified (Advantage™ GC cDNA
PCR kit from Clontech) from a human umbilical vein endot-
helial cell (HUVEC) reverse transcription product using
primers:  5-ACAGGATCCACCATGTTGGCTGTCCCG-
GAGATG-3' (SEQ ID NO: 11) and 5-TCAGTTGGAAA-
GAAAGTCGATGGA-3' (SEQ ID NO: 12) and used as a
probe after purification. A *?P-labelled probe was generated
using Prime-It® Il random primer labeling kit (Stratagene). It
was added to ExpressHyb™ Rapid Hybridization Buffer
(Clontech) and the blot was incubated for 3-4 hours at 65° C.
and then washed and autoradiographed.

Real time PCR Analysis

[0217] Specific sets of primers and Tagman® probes were
designed by using PRIMER EXPRESS (Applied Biosys-
tems) and synthesized by GenScript, Piscataway, N.J. The
primer and probe sequences forhuman HspA12B were 5'-CT-
TCTTCAGGGAGCACGCC-3' (SEQIDNO: 13), 5-TGTC-
CTTCTCTGGCAGCGA-3' (SEQ ID NO: 14) and FAM-5'-
TCAGGAGCTGAGGGAGCAGAGCCC-3'-TAMRA (SEQ
ID NO: 15). The sequences for HspA12A (another gene
highly homologous to HspAl2B) were 5'-CAG-
GAATAACGCCTCTGTCC-3' (SEQ ID NO: 16), 5'-CAC-
CACGAGAAATGACTGCT-3' (SEQ ID NO: 17) and FAM-
5-CCCTCCCATATTGTGAACGACACTGA-3-TAMRA
(SEQ ID NO: 18). Human glyceraldehyde-3-phosphate
dehydrogenase (GADPH) primers (Applied Biosystems)
were included in all reactions as an endogenous control. The
Real time PCR reactions were performed on an Applied Bio-
systems 7500 Real-time PCR System using Tagman® One-
step RT-PCR master mix (Applied Biosystems). All data were
analyzed by AACt using the 7500 system SDS software (Ap-
plied Biosystems).

Polyclonal Antibody Against HspA12B

[0218] An anti-HspA12B polyclonal antibody, AB4112,
was generated by immunizing rabbits with a synthesized
peptide derived from mouse HspA12B with the following
amino acid sequence, CVDVSTNRSVRAAIDFLSN (SEQ
ID NO: 19). Detailed generation, purification and validation
of this antibody will be described elsewhere (Steagall et al.,
Arterioscler. Thromb. Vasc. Biol. (2006) e-publication ahead
of print).

Plasmid Construction, Adenovirus Amplification and
HUVEC Infection

[0219] Full length human HspA12B cDNA with a FLAG®
tag was amplified using Advantage™ GC ¢DNA PCR kit
(Clontech) from a HUVEC reverse transcription product
using forward primer 5'-ACAGGATCCACCATGTTGGCT-
GTCCCGGAGATG-3' (SEQ ID NO: 20) and reverse primer
5'AAACTCGAGTCACTTATCGTCGTCATC-

CTTGTAATCGTTGGAAAGA AAGTCGATGGA-3' (SEQ
ID NO: 21). The PCR product was digested with BamHI and
Xho I and ligated into the pCS2+ expression vector, desig-
nated as pCS2+-S8 and confirmed by sequencing. The gene
was further subcloned into the pShuttle-CMV vector by
BamHI and Xba 1 digestion. Adenoviral recombinants were
obtained using BJ 5183 AD-1 electrocompetent cells (Strat-
agene). Adenoviruses were amplified using QBI-HEK293A
cells (QBiogene, Morgan Irvine, Calif.). Amplification, CsCl
purification and virus storage were done as described (He et
al., Proc. Natl. Acad. Sci. 95:2509-2514 (1998)) and viral
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titers were determined using Adeno-X™ Rapid Titer Kit (BD
Biosciences). HUVECs (Cascade Biologics, Inc. Portland,
Oreg.) cultured in 6-well tissue culture plates to 60% conflu-
ency were infected with adenoviruses for 6 hours at which
point fresh EGM2™-MV medium (Cambrex) was added and
cells were incubated for 24-48 hours prior to further experi-
ments.

[0220] The constitutively active adenoviral Akt construct
was a gift of Dr. Kenneth Walsh (Boston University) (Fujio
and Walsh, J. Biol. Chem. 274:16349-16354 (1999)), which
contains the c-src myristoylation sequence fused in-frame to
the N terminus of the HA-Akt (wild-type) coding sequence
that targets the fusion protein to the membrane. Virus ampli-
fication and purification were done as above.

siRNIAs and Transfection

[0221] All siRNAs (sequences shown below) against
human HspA12B were obtained from Dharmacon. Silencer®
Negative Control #1 siRNA (NC) was obtained from
Ambion, Inc. Lipofectamine™ 2000 (Invitrogen) was used to
transfect siRNAs into HEK 293 cells (final concentration
62.5 nM) in 6-well plates and HUVECs cultured in 6-well
plates or 10 cm plates as suggested in the manual.

[0222] The sense sequences of the siRNAs are: siGE-
NOME™ duplex 1 (sil), CCACGGAUCUCACCU-
UGAAUU (SEQ ID NO: 22); siGENOM™ duplex 2 (si2),
CGACUUUCUUUCCAACUGAUU (SEQ ID NO: 23);
siGENOME™ duplex 3 (si3), GGGACUGGCUCUACU-
UCGAUU (SEQ ID NO: 24); siGENOME™ duplex 4 (si4),
CCAGCUAGAGGCAGUAAAUUU (SEQ ID NO: 25).

Western Blot Analysis

[0223] Protein lysates were collected from HUVECs or
HEK293 cells using RIPA buffer with protease inhibitor
cocktail complete Mini tablets (Roche). For protein phospho-
rylation studies, additional phosphatase inhibitor cocktail 1
&2 from Sigma Aldrich was added to the RIPA buffer.
HUVECs were serum starved in 0.5% serum EBM-2 (Cam-
brex) for 24 hours before stimulation with VEGF (10 ng/ml)
in 0.5% serum EBM-2 or EGM™.-2 MV. Protein concentra-
tion was measured using BCA protein assay reagents from
PIERCE. Proteins were loaded onto Novex® 4-12% Bis-Tris
gel or 3-8% Tris-Acetate gel (Invitrogen) and transferred onto
an Immobilon-P PVDF Transfer membrane (Millipore). Akt
(pS473) rabbit monoclonal antibody was obtained from
Abcam; total Aktl/2 rabbit polyclonal IgG was from Santa
Cruz Biotechnology; monoclonal antibody against GAPDH
was obtained from Chemicon International. The horseradish
peroxidase-coupled secondary antibodies were from GE
Healthcare and SuperSignal™ chemiluminescent substrates
(Pierce) were used for visualization.

Migration and Wound Healing Assays

[0224] Migration assay was done as previously described
(Seth et al., Biochem. Biophys. Res. Comm. 332:533-541
(2005)). HUVECs infected with adenovirus or transfected
with siRNAs were grown in 6-well tissue culture plates and a
wound of defined size was made in the confluent cell mono-
layer with a pipette tip. Phase contrast micrographs were used
to assess wound closure at 0, 16 and 60 hours.

Tube Formation Assay

[0225] The tube formation assay and quantification was
performed as previously described (Merchan et al., J. Natl.
Cancer Inst. 95:388-399 (2003)).
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Example 1

Zebrafish GA2692 ¢cDNA Sequence and Homology
to Mammalian HspA12B

[0226] A clone designated GA2692 was one of the roughly
50 clones—from a total of approximately 4000 cDNAs
screened by whole-mount in situ hybridization in zebrafish—
that showed expression largely restricted to developing ves-
sels.

[0227] The sequence of the GA2692 ¢cDNA consisted of
2884 nucleotides (GenBank accession number, DQ119052).
The longest open reading frame extended from nucleotides
267 to 2339 and predicted a protein with 691 amino acid
residues (F1G. 11B). When this protein sequence was initially
“blasted” to the zebrafish and mammalian genome (approxi-
mate date October 2002), GA2692 showed homology to a
human EST dubbed FLJ32150. Subsequent blast searches in
year 2003 showed that the mouse and human HspA12B dem-
onstrated a 70% identity to GA2692, that human HspA12B
and FLJ32150 were identical in their overlap regions and that
GA2692 had a 30% identity to HspA12A (FIGS. 11B, 11C).
A phylogenetic tree analysis also indicated that GA2692
evolved from the same ancestor as HspA12Bs in other species
(FIG. 11D). It 1s likely therefore that HspA12B is the mam-
malian orthologue of zebrafish GA2692. In added support of
this relationship is the restricted expression of HspA12B to
cultured endothelial cells (see below).

Example 2

Expression of HspA12B During Embryonic Devel-
opment of Zebrafish

[0228] A detailed characterization of HspA12B was carried
out at different developmental stages. No expression of
HspA12B was found before 10 somite stage. During the
middle of somitogenesis (12-16 somite stage), expression
was observed in ventral hematopoietic and vasculogenic
mesoderm in both posterior and cephalic territories (FIGS.
1A-D). Weaker expression was also observed in anterior
telencephalon, diencephalon and hindbrain rhombomeres
likely in the ventral part of rhombomeres 3 and 5 (FIG. 1E),
the first somite (FIG. 1F) as well as in the anterior part of the
otic vesicle (FIG. 1G).

[0229] At 24 hpf, expression of HspAl2B was mostly
observed in vasculature (such as head, aorta, caudal vein,
posterior cardinal vein and intersegmental blood vessels)
(FIGS. 1H, I, I). Expression could also be found in telen-
cephalon, anterior diencephalon, head mesenchyme, choroid
fissure and heart (FIGS. 1H, I).

[0230] At 36 hpf, expression was observed in head vascu-
lature (FIG. 1K), heart (FIG. 1L, arrow head), duct of Cuvier
(FIG. 1M, arrow head), axial vasculature, intersegmental
blood vessels (FIG. 1N), head mesenchyme (mainly around
the eye and the otic vesicle) (FIGS. 1K, L, M) and branchial
arches (FIG. 1K). At 48 hpf, expression was restricted to
splanchnocranium (otic placode, trabecula cranii, lower jaw).
Expression decreased after 48 hpf.

Example 3
Knockdown of HspA12B by MOs

[0231] Since the MOATG sequence was derived against a
region six bases before the start codon, we expected that it
would serve as a translation blocker. We therefore tested the
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potency and specificity of the HspA12B MOATG in an in
vitro transcription and translation system. The HspA12B
MOATG inhibited protein translation in a dose-dependent
manner (FIG. 2A). On the other hand, no inhibiting effect
from the MM was observed even at 10 pM.

[0232] The knockdown of HspA12B by MOs3rd was also
confirmed by RT-PCR (FIG. 2B). RNAs were extracted from
zebrafish embryos injected with various amount of MOs. The
alternative splicing of mRNA caused by MOs3rd was verified
by RT-PCR. Results showed that almost all nRNA was alter-
natively spliced after injection of 0.2 mM MOs3rd. Further
increasing of concentration can even reduce the total mRNA
level.

Example 4

Knockdown of HspA12B Causes Vascular Develop-
mental Defects in Zebrafish

[0233] Zebrafish embryos were microinjected with
HspA12B MOATG, MOs3rd, and MM at the 1-4 cell stage
and examined for vascular defects at 24, 48 and 72 hpf. At
different stages, embryos injected with MM had normal
blood cell circulation in the axial (dorsal aorta and posterior
cardinal vein) vessels, the intersegmental vessels (ISVs), the
dorsal longitudinal anastomotic vessels (DLAVs), the sub-
intestinal vessels (SIVs) and the pectoral fin vessels. How-
ever, the majority of MOATG and MOs3rd injected embryos
exhibited slower trunk circulation and severely compromised
circulation through the ISVs. The phenotype became more
obvious as the concentration of MOATG and MOs3rd was
increased. Embryos injected with MOATG and MOs3rd
exhibited very similar phenotypes, although a higher dose
was required for MOATG to show the same potency as
MOs3rd. Table 1 shows the dose response of the circulation
defects noted for MOATG (examined at 48 hpf): 4.3% of
embryos presented circulation defects in 0.5 mM MOATG
injected fish vs. 41.5% and 60% in 1.0 mM and 2.0 mM
MOATG injected fish respectively.

TABLE 1

Live observation in MOATG injected fish.

WI 05mMMO 1.0mMMO 2.0mMMO

Embryos injected 42 47 41 35
Slow circulation 0 (0%) 2 (43%) 11 (26.8%) 12 (34.3%)
No circulation 0 (0%) 0 (0%) 6 (14.6%) 9 (25.7%)
Total circulation 0 (0%) 2 (43%) 17 (41.3%) 21 (60%)

defect

[0234] As the MOATG and MOs3rd concentration was
increased, the following phenotypes were also noted (FIGS.
2C, D, E). 1) The total body length decreased. 2) The lumen
of axial vessels including the dorsal aorta and axial vein was
narrowed and short-circuiting of blood flow could be
observed. 3) Flow in the ISVs, SIVs and the vascular arch of
the fin bud was disrupted. 4) Blood cells accumulated in the
tail vein plexus and/or common cardinal vein. 5) Pericardial
edema was noted in most fish FIGS. 2D, E).

Example 5

Microangiography and AP Staining Further Demon-
strate Vascular Defects in HspA12B Morphants
[0235] To further investigate the vascular phenotypes in
HspA12B morphants, we used microangiography with 0.02
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pm fluorospheres and did AP staining (which only stains
endothelial cells) on MOATG- and MM-injected fish.
Microangiography clearly demonstrated absence of circula-
tion in ISVs in morphants and narrowed trunk vessels com-
pared with controls (FIGS. 3 A, B). At 72 hpf, AP staining
showed that SIVs and fin vessels also had defects to varying
degrees depending on the concentration of MOATG injected,
whereas there were no observable vessel defects in MM-
injected fish. As the concentration of MOATG was increased,
the defects in these two vessels increased (FIGS. 3C-H). In
the 0.5 mM group, the percentages with defects of STV and fin
vessel were 8.89% and 17.78%, respectively (FIGS.3 1, J). In
the group of 1.0 mM MOATG, percentages of defects of STV
and fin vessel were 80% and 85%, respectively. In the group
of 2.0 mM MOATG, percentages of defects of SIV and fin
vessel were 82.76% and 89.66%, respectively.

Example 6

Knockdown of HspA12B in [Tg(flil1:EGFPY*]
Zebrafish Line Disrupts the Angiogenic Formation of
ISVs and DLAVs

[0236] These results pointed to multiple vascular defects in
the HspA12B morphants. Next, to assess whether the defects
seen could be ascribed to the absence of endothelial cells in
the HspA12B morphants, we carried out the knockdown
experiments in the [Tg(flil:EGFP)"'| zebrafish line, in which
virtually all ECs and their angioblast precursors are high-
lighted by the robust expression of EGFP driven by a 15 kb
fli-1 promoter (Isogai et al., Development 130:5281-5290
(2003)), (Lawson and Weinstein, Dev. Biol. 248:307-318
(2002)). The use of these fish allowed us to monitor vascular
development in real time by fluorescent microscopy.

[0237] After injecting MOsATG, early vasculogenesis, the
denovo formation of major trunk vessels by co-migration and
coalescence of angioblast progenitor cells originating in the
trunk lateral mesoderm (Risau and Flamme, Ann. Rev. Cell
Dev. Biol. 11:73-91 (1995)), was largely unaffected in the
morphants in comparison with wild type fish. However, the
formation of ISVs and DL AV, an angiogenic process involv-
ing the sprouting and migration of ECs from the axial vessels,
was disrupted in the HspA12B morphants. At 27 hpf, the EC
sprouts appeared sporadically along the longitude of the
HspA12B morphants, in contrast to their blossoming in the
control embryos (FIGS. 4A, B). At 36 hpf, an elaborate net-
work of ISVs and DLAVs was clearly visible in control
embryos, while the dorsal part of this network was com-
pletely absent in the morphants, even 14 hours after the initial
sprouting (FIGS. 4C, D). Therefore, this difference is
unlikely to merely represent a delay in an otherwise largely
normal developmental program. At 54 hpf, asmall percentage
of these ECs remained exactly where they were at 36 hpf;
some ECs branched horizontally at the midline and connected
to each other; others did sprout dorsally during this time
period but followed distorted paths resulting in fragmentary
DLAVs (FIGS. 4E, F). This was observed in 85.7% of
embryos injected with MOATG. These ISVs and DLAVs
were not functional as previously demonstrated by microan-
giography (FIGS. 3A, B) and visualization of the circulation.
Furthermore, parachordal endothelial cells sprouts were dra-
matically reduced in most zebrafish embryos injected with
MOATG or MOs3rd (Table 2). Table 2 shows the effects of
MOs on the reduction of the dorsal part of ISVs, parachordal
endothelial cell sprouts and DLAV in the [Tg(flil: EGFP£"]



US 2009/0214572 Al

zebrafish line at 48 hpfusing fluorescent microscope. Data is
presented as a percentage of affected embryos in total
embryos examined.

TABLE 2
Effects of MOs.
0.lmM  02mM 1 mM 1 mM
MOs3rd  MOs3rd MOATG MM
ISVs 0 0 71.4 143
DLAVs 0 353 85.7 143
Parachordal sprouts 4.2 64.3 85.7 143

[0238] To examine more closely the ISV sprouting from
DA, we used live time-lapse analysis to track the sprouting
endothelial cells during formation of the primary ISV net-
work. In MM injected embryos, most ISVs extended slightly
rostrally and then caudally after crossing the transverse myo-
septum, potentially following the chevron like contours of the
somites, before reaching the dorso-lateral surface, where
tubes from adjacent ISV fused to form the DLAVs. Movies
from MOATG injected embryos showed that the axial vessels
did extend rostrally but then made a sharp caudal turn. In fact,
most ISVs formed preliminary T-shape structure prior to
reaching the dorso-lateral surface when compared to age-
matched MM injected embryos (FIGS. 4G, H). Moreover, the
rostral-caudal coordinated timing of ISVs sprouts was dis-
turbed in the MOATG injected embryos (FIGS. 41, I). Taken
together, the time lapse results and the spectrum of ISV
defects in other assays suggested that in general, reduced
HspA12B level in endothelial cells might render them incom-
petent to respond spatially and temporally to cues from the
surrounding environment.

[0239] The specific expression of HspA12B in vasculature
and its importance in angiogenesis during zebrafish early
development prompted us to investigate the function of its
human orthologue. We began by first assessing HspA12B
expression levels in multiple cell lines.

Example 7

Human HspA12B is Specifically Expressed in
Endothelial Cells

[0240] Northern blot analysis using the coding region of
human HspA12B as a probe showed that HspA12B was
present in HUVECs, and not detectable in HT1080 (fibrosa-
rcoma cells), HEK 293, DLD1 (human colon cancer cells),
OVCAR3 (ovarian cancer cells) and podocytes (FIG. 5A).
Since HspA12A is closely related to HspA12B, we decided to
compare the expression of HspA12B and HspAl2A in a
broader spectrum of cell lines by real-time PCR, which is
more quantitative than Northern blot analysis. Similar to the
results of our Northern blot analysis, the expression of
HspA12B was highly specific to HUVECs (FIG. 5B), with
the expression level 26 fold higher compared with the second
highest expression cell line (293TV). Interestingly, the
expression level of HspA12A in HUVECs was the lowest
among all cell lines we checked. The second lowest expressor
was OVCAR3 which was still 24.5 fold higher than that in
HUVEC:s. These results were consistent with the endothelial
specific expression pattern of HspA12B in zebrafish, and also
suggested that the function and regulation of HspA12A and
HspA12B were likely to be distinct, though they are similarin
primary sequernce.
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[0241] Given the specific expression of HspA12B in endot-
helial cells, we proceeded to investigate its role in a number of
angiogenesis assays in vitro.

Example 8

Knockdown and Overexpression of HspA12B in
HUVECs

[0242] To knockdown the expression of HspAl2B in
HUVECs, four siRNAs (sil to 4) and a negative control
siRNA (NC) were tested by cotransfecting them with pCS2+-
HspA12B/C-FLAG with a ratio of 50:1 in HEK 293 cells and
lysates collected 48 hours post-transfection were resolved by
SDS-PAGE. Sil and si3 knocked down the expression of
HspA12B/C-FLAGto 13.8% and 8.2% compared with that of
NC, respectively, while si2 and 4 were less effective (FIGS.
6A, B). Therefore, sil and 3 were tested further in HUVECs.
After transfecting these two siRNAs into HUVECs, sil and 3
were—as expected from the transfection data in HEK293
cells-found to reduce endogenous expression by over 85%
(FIGS. 6C, D), as assessed by a polyclonal antibody against
HspA12B (Steagall et al., supra). Infection of HUVECs with
HspA12B/C-FLAG adenovirus at a multiplicity of infection
(MOI) of ~100 increased the expression level by 5 fold com-
pared with empty virus control (EV).

Example 9

HUVEC Migration is Augmented by Overexpressing
HspA12B and Inhibited by HspA12B siRNAs In
Vitro

[0243] Since angiogenesis is a composite process in which
cell migration plays a central role, we used HUVEC migra-
tion assay to test the role of HspA12B in this process. We
found that cells overexpressing HspA12B via adenoviral
mediated gene transfer migrated about 3 fold faster than
controls cells infected with empty control adenovirus (FIG.
7A). Next, we redid our experiments under stimulation by
vascular endothelial growth factor (VEGF), a potent and
well-studied promigratory agent for endothelial cells (ECs).
In the migration assay with 10 ng/ml VEGF, HspA12B aug-
mented HUVEC migration was only 33% higher compared
with empty virus (FIG. 7A), suggesting that HspAl2B
induced downstream signaling might overlap with those
induced by VEGE. Conversely, the number of migrated cells
fromthe sil and 513 transfected HUVECs under VEGF stimu-
lation was about 40% of that noted with cells transfected with
NC (FIG. 7B), suggesting that HspA12B influenced VEGF
signaling. Of importance, the use of sil and si3 gave a similar
phenotype, demonstrating that the phenotype was likely to be
due to the knockdown of HspA12B expression. Sil and si3
also had some effect in blocking baseline migration in 0.5%
serum DMEM, suggesting that HspA12B may influence the
“basal” migratory machinery (FIG. 7B).

[0244] To further study the effect of HspA12B on migra-
tory responses, we used a wound healing assay to compare the
motility of the HUVECs infected with sense adenovirus or
transfected with siRNAs. HUVECs infected with sense and
empty virus controls were grown to confluence on 6-well
plates and wounds were made in the cell monolayer. EBM-2
with 1% serum (FIGS. 8 A, B) or EBM-21% serum plus
VEGF (10 ng/nl) (FIGS. 8C, D, E, F) were used in the experi-
ments. HspA12B strongly promoted wound closing in either
conditions (FIGS. 8 A-D) and sil and si3 transfection
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decreased wound closing (FIGS. 8E, 8F). These data were
consistent with our migration assay results.

Example 10

Blocking of Tube Formation by siRNA Transfection
into HUVECs

[0245] The tube formation assay measures a number of
functions of endothelial cells including cell survival, cell
migration, the ability to connect to other endothelial cells and
lumen formation. In this assay, we found that NC transfected
HUVECs form well connected tube-like structures, whereas
sil and si3 transfected HUVECs barely formed tube-like
structures, resembling the effect seen with potent antiangio-
genic molecules (FIG. 9), and being consistent with our
zebrafish phenotype.

Example 11

HspA12B is Necessary for Akt Phosphorylation in
Endothelial Cells

[0246] To get more insight into HspA12B’s function, we
studied the effects of HspA12B siRNAs (sil and si3) on Akt
phosphorylation, known to be modulated by VEGF (Shiojima
and Walsh, Circ. Res. 90:1243-1250 (2002)).

[0247] We found that sil and si3 transfected HUVECs
showed diminished phosphorylation levels of Akt in the pres-
ence of VEGF and even in normal serum conditions. In con-
trast, there was no significant change in total Akt (FIG. 10A).
To ask whether diminished Akt phosphorylation might
account for the effect on HUVEC migration of HspA12B
siIRNAs, we attempted to rescue this phenotype with a con-
stitutively active Akt (myr-Akt). Indeed, the inhibitory effects
of HspA12B siRNAs were abolished with myr-Akt (FIG.
10B).

CONCLUSIONS

[0248] Our whole-mount in situ screen enabled us to iden-
tify new genes that have expression specifically localized to
vasculature without relying on any previous knowledge. Ben-
efiting from various attributes of zebrafish vasculature devel-
opment (e.g. transparency of the embryo, development of
circulation in the first 48 hpf) and the availability of trans-
genic fish in which EGFP is expressed selectively in endot-
helial cells (Isogai et al., supra (2003)), (Lawson and Wein-
stein, supra (2002)), we could immediately gain insight into
the function of these genes in vivo by using morpholino
oligos as a tool for loss-of-function analysis. These in vivo
results could then be further dissected and signalling path-
ways studied via in vitro assays in primary endothelial cells
suchas HUVECs, after identification of the HspA12B human
orthologue using bioinformatics tools. By combining the
advantages of both in vivo and in vitro systems, we have
demonstrated a functionally important role for HspA12B in
endothelial biology.

[0249] Not only have we demonstrated the endothelial cell
specific expression of HspA12B, but we have also addressed
the function of HspAl2B in endothelial cells, We have
addressed this question, first in vivo in fish and then in vitro in
HUVECs and shown that the angiogenic potency of endothe-
lial cells was greatly impaired in the absence of or with
diminished expression of HspAl2B. Knockdown of
HspA12B expression using morpholino oligos in zebrafish
compromised the sprouting of ISVs, the formation of intact
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DLAVs, and hampered the formation of SIVs and pectoral fin
vessels; while knockdown of HspA12B in HUVECs by siR-
NAs led to inhibition of wound healing, migration and tube
formation.

[0250] Knockdown of HspA12B reduced the phosphoryla-
tion of Akt under three different conditions but had little effect
on the total level of Akt. Akt phosphorylation is one of the key
events transducing multiple angiogenic signals, including
those initiated by VEGEF, Angiopoietin-1 and FGF-2. The
attenuation of Akt phosphorylation could be one of the
mechanisms by which knockdown of HspA12B expression
blocks angiogenesis. Our results also suggest that reduction
of phosphorylated Akt could at least account for the inhibi-
tory effect of HspAl2B siRNAs on the migration of
HUVECs, since overexpression of myr-Akt, a constitutively
active form of Akt could overcome these effects. However, we
did not see such a rescue in the tube formation assay suggest-
ing the existence of additional targets by which HspA12B
affects tube formation.

[0251] We do not yet know if HspA12B is a heat inducible
protein or what else induces its expression. Intriguing is the
fact that it is rather uniquely expressed in endothelial cells,
since Hsps are typically not cell or tissue specific, suggesting
that it may play a unique role in protecting endothelium from
“toxic” insults. For example, Hsp synthesis is known to be
induced in all cell types in the blood vessel wall, including
endothelial cells, upon exposure to environmental stress,
heat, hormones, reactive oxygen species and sodium arsenite
(Snoeckx et al., Physiol. Rev. 81:1461-1497 (2001)). How-
ever, HspA12B is constitutively expressed in endothelial
cells, distantly related to the Hsp70 family and as yet we do
not know if'its expression can be modulated by heat shock or
other insults. Aside from their roles as molecular chaperones
and stress protecting proteins, Hsps are also being recognized
as active components constitutively involved in many cellular
processes. All proteins need to constantly change their con-
formation to be properly functional, often resulting in tran-
sient exposure of surfaces similar to those found in denatured
proteins. By recognizing and associating with these surfaces
to prevent undesirable protein interactions, Hsps facilitate
many cellular processes, including cell signaling pathways.
These results demonstrate the ability to induce HspAl12B
expression promotes endothelial health and can be used in the
treatment of disorders in which there is evidence of endothe-
lial dysfunction, e.g. atherosclerosis, sepsis, or pre-eclamp-
sia. Similarly, inhibition of HspA12B expression or action (as
could be undertaken by drugs that inhibit the binding of ATP
to the putative ATP binding site of HspA12B) can be used to
treat patients in which there is dysregulated angiogenesis,
such as that occurs in cancer, or in ocular neovascularization
processes, among others, especially if it is shown that
HspA12B expression is augmented in these conditions.
Finally, serum antibodies to HspA12B or the serum level of
shed HspA12B may reflect the functional state of endothe-
lium in humans.

[0252] In conclusion, the present study demonstrates that
the HspA12B is selectively expressed in endothelial cells and
is essential for both normal zebrafish vascular developmentin
vivo and multiple endothelial cell functions in vitro.

Other Embodiments

[0253] From the foregoing description, it will be apparent
that variations and modifications may be made to the inven-
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tion described herein to adopt it to various usages and condi-
tions. Such embodiments are also within the scope of the
following claims.

[0254] All publications, patent applications, and patents,
including U.S. provisional application No. 60/711,579, men-
tioned in this specification are herein incorporated by refer-
ence to the same extent as if each independent publication,

patent application, or patent was specifically and individually
indicated to be incorporated by reference.

[0255] From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this inven-
tion; can make various changes and modifications of the
invention to adapt it to various usages and conditions. Thus,
other embodiments are also within the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 25
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 685

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Leu Ala Val Pro
1 5

Glu Met Gly Gln

10

Leu Gly Leu

Glu Val Ser Pro Pro Ser

25

Ser Pro Arg Ser Pro Pro

20

Gly

Gln Glu Ile Ala Thr Gln

45

Pro Leu Pro Ser

40

Ser
35

Cys Gly

Glu
50

Val Ala Gln

55

Gln Ala Phe Ser Val

60

Pro Arg Pro Ser

Ile
65

Phe Thr Thr

70

Ala
75

Asp Gly Ser Ser Gly Tyr Phe Ser

Glu Ala Ile

85

Asp Pro His Met Met Arg Lys Glu

90

Trp Gly

Val Ala Gln Thr Thr

105

His Pro Leu Leu Leu

100

Gly Lys Cys

Gly Ala Phe His Ser Phe Thr Ala

115

Gly Tyr

120

Arg Asp Tyr

125

Glu Glu Ala Phe

140

Leu Asp Pro Leu Glu

130

Arg
135

Asp Trp Tyr

Ile Ala

150

Thr Thr Leu Thr

155

Met His Ser Leu

145

Lys Asp Lys

Ala Val Thr Met Ala Leu Glu Val Phe

170

Asn Gly Lys Pro

165
Phe Phe
180

Ala Leu Gln Glu Leu

185

Leu Arg Arg Glu His Arg

Glu Thr

200

Val Val Leu

205

Leu Pro

195

Pro Ser Lys Asp Arg Trp

Ala Ile

210

Gln Ala

215

Trp Lys Pro Lys Gln Phe Met Arg Glu

220

Ala Val Glu Ala Glu

235

Ser Asn Gln Leu

230

Leu Leu

225

Gly Arg

Glu Glu Ala

245

Leu Prec Ala Ser Val Tyr Cys Leu

250

Arg Lys

Gln Ala

265

Leu Leu Asp Leu Ser Pro

260

Gly Arg Gly Gly Gly

Glu Ile Ser Phe Gln Ala

280

Arg Arg Ser Ser

275

Asp Arg Arg

285

Ile Gly Ser

15
Pro Thr
30

Arg

Ser Pro Lys

Val vVal Ala

Phe Ala Ser

80
Pro

Gly Asp

95

Thr
110

Pro Glu

Tyr His Asp

Lys Phe Lys

Gln Glu

160

Leu

His Ala

175

Ala

Glu
190

Gln Ser

Thr Val Pro

Ala Ala Tyr

Ile Ala

240

Leu

Leu His

255

Arg

Arg Leu

270

Gly

Glu Gln Leu
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-continued

Arg Arg Ser Arg His Ser Arg Thr Phe Leu Val Glu Ser Gly Val Gly
290 295 300

Glu Leu Trp Ala Glu Met Gln Ala Gly Asp Arg Tyr Val Val Ala Asp
305 310 315 320

Cys Gly Gly Gly Thr Val Asp Leu Thr Val His Gln Leu Glu Gln Pro
325 330 335

His Gly Thr Leu Lys Glu Leu Tyr Lys Ala Ser Gly Gly Pro Tyr Gly
340 345 350

Ala Val Gly Val Asp Leu Ala Phe Glu Gln Leu Leu Cys Arg Ile Phe
355 360 365

Gly Glu Asp Phe Ile Ala Thr Phe Lys Arg Gln Arg Pro Ala Ala Trp
370 375 380

Val Asp Leu Thr Ile Ala Phe Glu Ala Arg Lys Arg Thr Ala Gly Pro
385 390 395 400

Hisg Arg Ala Gly Ala Leu Asn Ile Ser Leu Pro Phe Ser Phe Ile Asp
405 410 415

Phe Tyr Arg Lys Gln Arg Gly His Asn Val Glu Thr Ala Leu Arg Arg
420 425 430

Ser Ser Val Asn Phe Val Lys Trp Ser Ser Gln Gly Met Leu Arg Met
435 440 445

Ser Cys Glu Ala Met Asn Glu Leu Phe Gln Pro Thr Val Ser Gly Ile
450 455 460

Ile Gln His Ile Glu Ala Leu Leu Ala Arg Pro Glu Val Gln Gly Val
465 470 475 480

Lys Leu Leu Phe Leu Val Gly Gly Phe Ala Glu Ser Ala Val Leu Gln
485 490 495

His Ala Val Gln Ala Ala Leu Gly Ala Arg Gly Leu Arg Val Val Val
500 505 510

Pro His Asp Val Gly Leu Thr Ile Leu Lys Gly Ala Val Leu Phe Gly
515 520 525

Gln Ala Pro Gly Val Val Arg Val Arg Arg Ser Pro Leu Thr Tyr Gly
530 535 540

Val Gly Val Leu Asn Arg Phe Val Pro Gly Arg His Pro Pro Glu Lys
545 550 555 560

Leu Leu Val Arg Asp Gly Arg Trp Cys Thr Asp Val Phe Glu Arg Phe
565 570 575

Val Ala Ala Glu Gln Ser Val Ala Leu Gly Glu Glu Val Arg Arg Ser
580 585 590

Tyr Cys Pro Ala Arg Pro Gly Gln Arg Arg Val Leu Ile Asn Leu Tyr
595 600 605

Cys Cys Ala Ala Glu Asp Ala Arg Phe Ile Thr Asp Pro Gly Val Arg
610 615 620

Lys Cys Gly Ala Leu Ser Leu Glu Leu Glu Pro Ala Asp Cys Gly Gln
625 530 535 640

Asp Thr Ala Gly Ala Pro Pro Gly Arg Arg Glu Ile Arg Ala Ala Met
€45 650 655

Gln Phe Gly Asp Thr Glu Ile Lys Val Thr Ala Val Asp Val Ser Thr
660 665 670

Asn Arg Ser Val Arg Ala Ser Ile Asp Phe Leu Ser Asn
675 680 685
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<210> SEQ ID NO 2

<211> LENGTH: 3109

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gcggecgecg cagcgggcac ggccaacgag ctgcgggece gggatcgegyg cggctggacy
gggctggage tgtcgggagg gcggagctac agggcectgca aggatgttgg ctgtcccgga
gatgggcetyg caggggetgt acatcggetce cagecceggag cggtcecccag tgcctagece
acceggetee cegaggaccee aggaaagetg cggeattgec ceectcacac cetegeagte
teccaaaacce gaggteccgag ccccccagca ggectectte tetgtggtgg tggecattga
cttcggeacce acgtctagtg getatgettt cagetttgee agtgaccctg aggecatcca
catgatgagg aaatgggagg gcggagaccc gggcgtggcc caccagaaga ccccgacctg
cctgetgetg actccggagg gegectteca cagetttgge tacaccgecce gegattacta
ccatgacctyg gaccccgaag aggegeggga ctggetcetac ttegagaagt tcaagatgaa
gatccacage gccacggatce tcaccttgaa gacccagcta gaggcagtaa atggaaagac
gatgcccgee ctggaggtgt tcgcccatge cctgcgctte ttcagggage acgecccttca
ggagctgagg gagcagagcc catcgctgcc agagaaggac actgtgcget gggtgttgac
ggtgectgee atctggaaac agccagccaa gcagttcatg cgggaggetyg cctacctgge
tggactagtyg tcccgagaga atgcagagca getactcate gecetggage cegaggeege
cteggtatac tgccgecaage tgcgcctgca ccagetcectg gacctgagtg gecgggeccec
aggtggtggg cgcctgggtyg agogcecgetc catcgactcce agcttocgte aggetcggga
gcagctgega aggtcccgec acagccgcac gttcctggtg gagtcaggeg taggagagct
gtgggcagag atgcaagcag gagaccgcta cgtggtggec gactgcggeg gaggcaccgt
ggacctgacg gtgcaccage tggageagec ccatggeace ctcaaggage tctacaagge
atctggggge ccttatggeg cggtgggegt ggacctggece ttegagcage tgctgtgeeyg
catcttcgge gaggacttca tegccacctt caaaaggcaa cggccggcag cctgggtaga
tctgaccatc gecttcgagg ctcgcaageg cactgctgge ccacaccgtg caggggeget
caacatctcg ctgccettet ccttcattga cttetaccge aagcageggg gecacaacgt
ggagaccget ctgcgcagga gcagegtgaa cttegtgaag tggtectcac aggggatget
ccgaatgtcect tgtgaagcca tgaacgagcet ctttcagecce accgtcageg ggatcatcca
gcacatagag gccctgctgg cacggecgga ggtgcagggt gtgaagctge tgttectagt
gggcggcette gccgagtcag cggtgetgca gcacgeggtg caggeggege tgggegeecyg
cggtctgegt gtcgtggtcc cgcacgacgt gggectcacc atcctcaaag gegeggtget
gtteggecag gegeegggeg tggtgegggt ccgecgeteg cegetcacet atggegtggy
cgtgctcaac cgctttgtge ctgggegeca cccgeccgaa aagetgetgg ttegegacgyg
ccgecgetygg tgcaccgacg tettcegageg cttegtggoe gecgageagt cggtggecct
gggcgaggag gtgcggcgca gctactgece ggegegtcece ggccagegge gegtacteat
caacctgtac tgctgcgcgg cagaggatgc gcgcettcatc accgaccccg gegtgcgcaa
atgeggegeg ctecagecteg agettgagee cgecgactge ggecaggaca cegecggege

gcctecegge cgecgegaga tecgegecege catgcagttt ggcgacaccyg aaattaaggt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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caccgecgte gacgtcagea ccaategetce cgtgegegeg tecatcgact ttetttecaa 2160
ctgagggege geeggegegyg tgccagegee gtetgecegg cecegeccte ttteggttea 2220
ggggcctgeg gagecgggttyg gggcggggga aacgatagtt ctgcagtctg cgectttceca 2280
cgcectecag ccccggggga gataaggtca tgggagagtg ggtggggaca cacccagaga 2340
ctggctttgg gattgggcac tggtcegetg actgccaggce tgaagggacc cgccaaggac 2400
tgaacgggta agagaagagg tttgcaagac agagcgcgca geccggcaag gggcatgtga 2460
cceccgaagga agaacgcaac agaagagtce tggtctgaac ttggecgagt aggggtgggg 2520
gtgggatggce aggaggagcc gcaggaggaa ggaggttgtg cagggtcectgg acctgcaggg 2580
ctgaagttca ctcatcgacc gactcagecc caaccgggag ccaggcagaa aaaccctgtg 2640
ccgtaggaaa gtgactggaa gtggactcca gagggacagg tgtggtggca cagtcctggt 2700
gtggtgctga ccacccaaat atgactgtga attgtggaaa gggcagtaga tctctaatgt 2760
ggaggtggga acattattgt ggtggaggca attatgaggg tagcatttet ttecgagacaa 2820
aacacccgte tgggaaggcec ccaaggtcag cttatgaagg accccacttg caccccacce 2880
cagccatgga agagcagctg gagggtggat ggggaggcca gagggagcaa tgaggggtgg 2940
tceccagetet getattgact cggtatgect ttaggacatt ctecttaccge tcatgggect 3000
cagtttccta aagtgtgaaa tgtcaggcac ttcectctaa ctggcatgca acagccccac 3060
ctgectgaga geectgaggt gacaataaaa catttatget caaggggaa 3109
<210> SEQ ID NO 3

<211> LENGTH: 691

<212> TYPE: PRT

<213> ORGANISM: Zebrafish

<400> SEQUENCE: 3

Met Ala Asp Val Leu Gln Leu Ser Ile Asn Ser Leu Gln Val Pro Gly
1 5 10 15

Glu Asp Lys Ser Asp Ser Thr Ser Pro Ser Gly Ser Pro Phe Pro Ser
20 25 30

Arg Asn Glu Cys Ser Ile Thr Pro Leu Thr Pro Ser Pro Ser Pro Arg
35 40 45

Thr Glu Val Arg Pro Arg Leu Ala Arg Pro Phe Tyr Val Val Val Ala
50 55 60

Ile Asp Phe Gly Thr Thr Ser Ser Gly Tyr Ala Phe Ser Phe Ile Glu
65 70 75 80

Asp Pro Glu Thr Ile His Met Met Arg Arg Trp Glu Gly Gly Asp Pro
85 90 95

Gly Val Ala Asn Gln Lys Ser Pro Thr Cys Leu Leu Leu Thr Pro Asp
100 105 110

Leu Arg Phe His Ser Phe Gly Phe Ala Ala Arg Asp Ser Tyr His Asp
115 120 125

Leu Asp Pro Glu Glu Ala Arg His Trp Leu Tyr Phe Asp Lys Phe Lys
130 135 140

Met Lys Ile His Ser Thr Ser Asp Leu Thr Met Glu Thr Glu Leu Glu
145 150 155 160

Ser Val Ser Gly Arg Arg Val Gln Ala Ile Glu Val Phe Ala His Ala
165 170 175
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Leu Arg Phe Phe Arg Glu His Ala Leu Lys Glu Val Lys Asp Gln Ser
180 185 190

Ser Ser Val Leu Glu Gly Asn Glu Val Arg Trp Val Ile Thr Val Pro
195 200 205

Ala Val Trp Arg Gln Pro Ala Lys Gln Phe Met Arg Glu Ala Ala Tyr
210 215 220

Leu Ala Gly Leu Val Pro Pro Asp Ser Pro Glu Gln Leu Leu Ile Ala
225 230 235 240

Leu Glu Pro Glu Ala Ala Ser Ile Tyr Cys Arg Lys Leu Arg Leu His
245 250 255

Gln Val Thr Asp Leu Ser Gln Arg Pro Val Thr Asn Gly Phe Asp Ile
260 265 270

Asp Gly Ser Arg Pro Phe Asp Ser Ser Phe Arg Gln Ala Arg Glu Gln
275 280 285

Leu Arg Arg Ala Arg His Ser Arg Thr Phe Leu Val Glu Ser Gly Thr
290 295 300

Gly Glu Leu Trp Ser Glu Met Gln Thr Gly Asp Arg Tyr Ile Val Ala
305 310 315 320

Asp Cys Gly Gly Gly Thr vVal Asp Leu Thr Val His Gln Ile Glu Gln
325 330 335

Pro Gln Gly Thr Leu Lys Glu Leu Tyr Lys Ala Ser Gly Gly Pro Tyr
340 345 350

Gly Ala Val Gly Val Asp Leu Ala Phe Glu Thr Met Leu Cys Gln Ile
355 360 365

Phe Gly Thr Asp Phe Ile Asp Ser Phe Lys Ala Lys Arg Pro Ala Ala
370 375 380

Trp Val Asp Leu Thr Ile Ala Phe Glu Ala Arg Lys Arg Thr Ala Ala
385 390 395 400

Pro Gly Arg Ala Asn Thr Leu Asn Ile Ser Leu Pro Phe Ser Phe Ile
405 410 415

Asp Phe Tyr Lys Gln His Arg Gly Gln Ser Val Glu Thr Ala Leu Arg
420 425 430

Lys Ser Asn Met Asn Phe Ile Lys Trp Ser Ser Gln Gly Met Leu Arg
435 440 445

Leu Ser Thr Glu Ala Thr Asn Glu Leu Phe Gln Pro Thr Ile Asn Asn
450 455 460

Ile Ile Lys His Ile Glu Asn Val Met Gln Lys Glu Glu Val Lys Gly
465 470 475 480

Val Arg Phe Leu Phe Leu Val Gly Gly Phe Ala Glu Ser Pro Met Leu
485 490 495

Gln Arg Ala Ile Gln Asn Thr Leu Gly Arg Asn Cys Arg Ile Ile Ile
500 505 510

Pro His Asp Val Gly Leu Thr Ile Leu Lys Gly Ala Val Leu Phe Gly
515 520 525

Leu Asp Pro Thr Val Val Arg Val Arg Arg Cys Pro Leu Thr Tyr Gly
530 535 540

Val Gly Val Leu Asn Arg Phe Val Glu Gly Arg His Pro His Asp Lys
545 550 555 560

Leu Leu Ile Lys Asp Gly Arg Glu Trp Cys Thr Asp Ile Leu Asp Arg
565 570 575

Phe Val Ser Val Asp Gln Ser Val Ala Leu Gly Glu Val Val Arg Arg
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580 585 590

Ser Tyr Thr Pro Ala Arg Met Gly Gln Arg Lys Ile Ile Ile Asn Ile
595 600 605

Tyr Cys Ser Asp Thr Asp Asp Ile Thr Tyr Ile Thr Asp Pro Gly Val
610 615 620

Arg Lys Cys Gly Ala Ile Thr Leu Asp Leu Leu Glu Ser Gly Glu Ala
625 630 635 640

Ser Ala Ser Thr Gly Asp Asn Asp Lys Gly Ser Ala Phe Glu Arg Arg
645 650 655

Glu Ile Arg Thr Thr Met Gln Phe Gly Asp Thr Glu Ile Lys Val Thr
660 665 670

Ala Val Asp Val Ala Thr Gly Arg Leu Val Arg Ala Ser Ile Asp Phe
675 680 685

Leu Ser Asn

690

<210> SEQ ID NO 4

<211> LENGTH: 685

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Met Leu Thr Val Pro Glu Met Gly Leu Gln Gly Leu Tyr Ile Ser Ser
1 5 10 15

Ser Pro Glu Arg Ser Pro Val Pro Ser Pro Pro Gly Ser Pro Arg Thr
20 25 30

Gln Glu Ser Cys Gly Ile Ala Pro Leu Thr Pro Ser Gln Ser Pro Lys
35 40 45

Pro Glu Ala Arg Ala Leu Gln Gln Ala Ser Phe Ser Val Val Val Ala
50 55 60

Ile Asp Phe Gly Thr Thr Ser Ser Gly Tyr Ala Phe Ser Phe Ala Ser
Asp Pro Glu Ala Ile His Met Met Arg Lys Trp Glu Gly Gly Asp Pro
85 90 95

Gly Val Ala His Gln Lys Thr Pro Thr Cys Leu Leu Leu Thr Pro Glu
100 105 110

Gly Ile Phe Hig Ser Phe Gly Tyr Thr Ala Arg Asp Tyr Tyr His Asp
115 120 125

Leu Asp Pro Glu Glu Ala Arg Asp Trp Leu Tyr Phe Glu Lys Phe Lys
130 135 140

Met Lys Ile His Ser Ala Thr Asp Leu Thr Leu Lys Thr Gln Leu Glu
145 150 155 160

Ala Val Asn Gly Lys Lys Met Leu Ala Leu Glu Val Phe Ala His Ala
165 170 175

Leu Arg Phe Phe Lys Glu His Ala Leu Gln Glu Leu Arg Glu Gln Ser
180 185 190

Glu Cys Met Leu Glu Lys Gly Ala Val Arg Trp Val Leu Thr Val Pro
195 200 205

Ala Ile Trp Lys Gln Pro Ala Lys Gln Phe Met Arg Glu Ala Ala Tyr
210 215 220

Leu Ala Gly Leu Val Ser Arg Glu Asp Ala Glu Lys Leu Leu Ile Ala
225 230 235 240
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Leu Glu Pro Glu Ala Ala Ser Val Tyr Cys Arg Lys Leu Arg Leu His
245 250 255

Gln Leu Met Asp Leu Ser Ser Arg Thr Ala Gly Arg Gly Arg Leu Gly
260 265 270

Glu Arg Arg Ser Ile Asp Ser Ser Phe Arg His Ala Arg CGlu Gln Leu
275 280 285

Arg Arg Ser Arg His Ser Arg Thr Phe Leu Val Glu Ala Gly Val Gly
290 295 300

Glu Leu Trp Ala Glu Met Gln Glu Gly Asp Arg Tyr Met Val Ala Asp
305 310 315 320

Cys Gly Gly Gly Thr Val Asp Leu Thr Val His Gln Leu Glu Gln Pro
325 330 335

His Gly Thr Leu Lys Glu Leu Tyr Lys Ala Ser Gly Gly Pro Tyr Gly
340 345 350

Ala Val Gly Val Asp Leu Ala Phe Glu Gln Leu Leu Cys Arg Ile Phe
355 360 365

Gly Glu Asp Phe Ile Ala Lys Phe Lys Arg Gln Arg Pro Ala Ala Trp
370 375 380

Val Asp Leu Thr Ile Ala Phe Glu Ala Arg Lys Arg Thr 2la Gly Pro
385 390 395 400

His Arg Ala Gly Ala Leu Asn Ile Ser Leu Pro Phe Ser Phe Ile Asp
405 410 415

Phe Tyr Arg Lys Gln Arg Gly His Asn Val Glu Thr Ala Leu Arg Arg
420 425 430

Ser Ser Val Asn Leu Val Lys Trp Ser Ser Gln Gly Met Leu Arg Met
435 440 445

Ser Cys Glu Ala Met Asn Glu Leu Phe Gln Pro Thr Val Ser Gly Ile
450 455 460

Ile Gln His Ile Glu Met Leu Leu Ala Lys Pro Glu Val Gln Gly Val
465 470 475 480

Lys Leu Leu Phe Leu Val Gly Gly Phe Ala Glu Ser Ala Val Leu Gln
485 490 495

His Ala Val Gln Glu Ala Leu Gly Thr Arg Gly Leu Arg Val Val Val
500 505 510

Pro Hig Asp Val Gly Leu Thr Ile Leu Lys Gly Ala Val Leu Phe Gly
515 520 525

Gln Ala Pro Gly Val Val Arg Val Arg Arg Ser Pro Leu Thr Tyr Gly
530 535 540

Val Gly Val Leu Asn Arg Phe Val Pro Gly His His Pro Pro Glu Lys
545 550 555 560

Leu Leu Val Arg Asp Gly Arg Arg Trp Cys Thr Asp Val Phe Glu Arg
565 570 575

Phe Val Ala Ala Glu Gln Ser Val Ala Leu Gly Glu Glu Val Arg Arg
580 585 590

Ser Tyr Cys Pro Ala Arg Pro Gly Gln Arg Arg Val Leu Ile Asn Leu
595 600 605

Tyr Cys Cys Ala Ala Glu Asp Ala Arg Phe Ile Thr Asp Pro Gly Val
610 615 620

Arg Lys Cys Gly Ala Leu Ser Leu Glu Leu Glu Pro Glu Gly Cys Pro
625 530 635 640

Glu Asn Thr Gly Thr Ser Pro Ser Arg Arg Glu Ile Arg Ala Ala Met
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645 650 655

Gln Phe Gly Asp Thr Glu Ile Lys Val Thr Ala Val Asp Val Ser Thr
660 665 670

Asn Arg Ser Val Arg Ala Ala Ile Asp Phe Leu Ser Asn
€75 680 685

<210> SEQ ID NO 5

<211> LENGTH: 735

<212> TYPE: PRT

<213> ORGANISM: Rattus norgivicus

<400> SEQUENCE: 5

Met Leu Thr Val Pro Glu Met Gly Leu Gln Gly Leu Tyr Ile Ser Ser
1 5 10 15

Ser Pro Glu Arg Ser Pro Val Pro Ser Pro Pro Gly Ser Pro Arg Thr
20 25 30

Gln Glu Ser Cys Gly Ile Ala Pro Leu Thr Pro Ser Gln Ser Pro Lys
35 40 45

Pro Glu Val Arg Ala Pro Gln Arg Ala Ser Phe Ser Val Val Val Ala
50 55 60

Ile Asp Phe Gly Thr Thr Ser Ser Gly Tyr Ala Phe Ser Phe Ala Thr
65 70 75 80

Agp Pro Glu Ala Ile Hig Met Met Arg Lys Trp Glu Gly Gly Asp Pro
85 90 95

Gly Val Ala His Gln Lys Thr Pro Thr Cys Leu Leu Leu Thr Pro Glu
100 105 110

Gly Ile Phe His Ser Phe Gly Tyr Thr Ala Arg Asp Tyr Tyr His Asp
115 120 125

Leu Asp Pro Glu Glu Ala Arg Asp Trp Leu Tyr Phe Glu Lys Phe Lys
130 135 140

Met Lys Ile His Ser Ala Thr Asp Leu Thr Leu Lys Thr Gln Leu Glu
145 150 155 160

Ala Val Asn Gly Lys Lys Met Leu Ala Leu Glu Val Phe Ala His Ala
165 170 175

Leu Arg Phe Phe Lys Glu His Ala Leu Gln Leu Pro Glu Arg Ala Glu
180 185 190

Asn Ala Ser Asp Gln Leu Ser Pro Tyr Gly Pro Phe Pro Thr Pro Pro
195 200 205

Thr Leu Gln Glu Leu Arg Glu Gln Ser Glu Cys Met Leu Glu Lys Asp
210 215 220

Ala Val Arg Trp Val Leu Thr Val Pro Ala Ile Trp Lys Gln Pro Ala
225 230 235 240

Lys Gln Phe Met Arg Glu Ala Ala Tyr Leu Lys Arg Trp Glu Gln Pro
245 250 255

Asp Pro Arg Ala Pro Ser Tyr Met Thr Val Tyr Gly Ala Gly His Thr
260 265 270

Tyr Pro Gln Ala Gly Leu Val Ser Arg Glu Asp Ala Glu Lys Leu Leu
275 280 285

Ile Ala Leu Glu Pro Glu Ala Ala Ser Val Tyr Cys Arg Lys Leu Arg
290 295 300

Leu His Gln Leu Met Asp Leu Ser Ser Arg Thr Ala Gly Gly Gly Arg
305 310 315 320
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Leu Gly Glu Arg Arg Ser Ile Asp Ser Ser Phe Arg His Ala Arg Glu
325 330 335

Gln Leu Arg Arg Ser Arg His Ser Arg Thr Phe Leu Val Glu Ser Gly
340 345 350

Val Gly Glu Leu Trp Ser Glu Met Gln Glu Gly Asp Arg Tyr Met Val
355 360 365

Ala Asp Cys Gly Gly Gly Thr Val Asp Leu Thr Val His Gln Leu Glu
370 375 380

Gln Pro His Gly Thr Leu Lys Glu Leu Tyr Lys Ala Ser Gly Gly Pro
385 390 395 400

Tyr Gly Ala Val Gly Val Asp Leu Ala Phe Glu Gln Leu Leu Cys Arg
405 410 415

Ile Phe Gly Glu Asp Phe Ile Ala Lys Phe Lys Arg Gln Arg Pro Ala
420 425 430

Ala Trp Val Asp Leu Thr Ile Ala Phe Glu Ala Arg Lys Arg Thr Ala
435 440 445

Gly Pro His Arg Ala Gly Ala Leu Asn Ile Ser Leu Pro Phe Ser Phe
450 455 460

Ile Asp Phe Tyr Arg Lys Gln Arg Gly His Asn Val Glu Thr Ala Leu
465 470 475 480

Arg Arg Ser Ser Val Asn Phe Val Lys Trp Ser Ser Gln Gly Met Leu
485 490 495

Arg Met Ser Cys Glu Ala Met Asn Glu Leu Phe Gln Pro Thr Val Ser
500 505 510

Gly Ile Ile Gln His Ile Glu Met Leu Leu Ala Lys Pro Glu Val Gln
515 520 525

Gly Val Lys Leu Leu Phe Leu Val Gly Gly Phe Ala Glu Ser Ala Val
530 535 540

Leu Gln His Ala Val Gln Glu Ala Leu Gly Asn Arg Gly Leu Arg Val
545 550 555 560

Val Val Pro His Asp Val Gly Leu Thr Ile Leu Lys Gly Ala Val Leu
565 570 575

Phe Gly Gln Ala Pro Gly Val Val Arg Val Arg Arg Ser Pro Leu Thr
580 585 590

Tyr Gly Val Gly Val Leu Asn Arg Phe Val Pro Gly His His Pro Pro
595 600 605

Glu Lys Leu Leu Val Arg Asp Gly Arg Arg Trp Cys Thr Asp Val Phe
610 615 620

Glu Arg Phe Val Ala Ala Glu Gln Ser Val Ala Leu Gly Glu Glu Val
625 630 635 640

Arg Arg Ser Tyr Cys Pro Ala Arg Pro Gly Gln Arg Arg Val Leu Ile
645 650 655

Asn Leu Tyr Cys Cys Ala Ala Glu Asp Ala Arg Phe Ile Thr Asp Pro
660 665 670

Gly Val Arg Lys Cys Gly Ala Leu Ser Leu Glu Leu Glu Pro Glu Gly
675 680 685

Ser Pro Glu Asn Thr Gly Thr Ser Pro Ser Arg Arg Glu Ile Arg Ala
690 695 700

Ala Met Gln Phe Gly Asp Thr Glu Ile Lys Val Thr Ala Val Asp Val
705 710 715 720

Ser Thr Asn Arg Ser Val Arg Ala Ala Ile Asp Phe Leu Ser Asn
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

725 730

SEQ ID NO 6

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 6

atattacagyg actttcacag cccga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 7

attttagagg agtttcacac ccgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 8

acagacataa atacctcatc atgtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 9

gctgtgaaag tcctgtaata

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 10

aaagtatagc caatgtctgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 11

acaggatcca ccatgttgge tgtcceggag atg

<210>

SEQ ID NO 12

735

25

25

25

20

20

33
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 12

tcagttggaa agaaagtcga tgga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 13

cttettecagy gagcacgec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 14

tgtecttete tggcagega

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 15

teaggagety agggagcaga geec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 16

caggaataac gcctctgtec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

SEQUENCE: 17

caccacgaga aatgactgct

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 18

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

24

19

19

24

20

20
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<223> OTHER INFORMATION: synthetic
<400> SEQUENCE: 18

cceteccata ttgtgaacga cactga

<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 19

Cys Val Asp Val Ser Thr Asn Arg Ser Val Arg Ala Ala Ile Asp Phe

1 5 10 15

Leu Ser Asn

<210> SEQ ID NO 20

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 20

acaggatcca ccatgttgge tgtcceggag atg

<210> SEQ ID NO 21

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 21

aaactcgagt cacttatcegt cgtcatcctt gtaatcgttyg gaaagaaagt cgatgga

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 22

ccacggaucu caccuugaau u

<210> SEQ ID NO 23

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 23

cgacuuucuu uccaacugau u

<210> SEQ ID NO 24

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 24

26

33

57

21

21
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gggacuggcu cuacuucgau u

<210> SEQ ID NO 25

<211> LENGTH: 21

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 25

ccageuagag geaguaaauu u

21

21

What is claimed is:

1. A method of treating or preventing an angiogenic disor-
der in a subject, said method comprising administering to said
subject a therapeutically effective amount of an HspA12B
antagonist compound inan amount and for a time sufficient to
treat or prevent said angiogenic disorder in said subject.

2. The method of claim 1, wherein said HspA12B antago-
nist compound reduces or inhibits the expression levels or
biological activity of an HspA12B protein or nucleic acid.

3. The method of claim 2, wherein said biological activity
is ATPase activity, heat shock protein or chaperone activity,
substrate binding, HspA12B-mediated phosphorylation of
Akt, HspA12B-mediated activation of nitric oxide biological
activity or expression levels, or promoting endothelial cell
health.

4. The method of claim 1, wherein said HspA12B antago-
nist compound specifically binds HspA12B.

5. The method of claim 4, wherein said compound specifi-
cally binds the ATP binding domain or the substrate-binding
domain of HspA12B.

6. The method of claim 4, wherein said compound is an
antibody or antigen-binding fragment thereof that specifi-
cally binds HspA12B.

7. (canceled)

8. The method of claim 1, wherein said HspA12B antago-
nist compound reduces or inhibits the expression levels of an
HspA12B nucleic acid molecule.

9. The method of claim 8, wherein said HspA12B antago-
nist compound is an antisense nucleobase oligomer comple-
mentary to at least a portion of an HspA12B nucleic acid
molecule.

10. (canceled)

11. The method of claim 8, wherein said HspA12B antago-
nist compound is a morpholino oligomer that is complemen-
tary to at least a portion of an HspA12B nucleic acid mol-
ecule.

12. The method of claim 8, wherein said HspA 12B antago-
nist compound is a small RNA having at least one strand that
comprises at least a portion of an HspA12B nucleic acid
molecule, or a complementary sequence thereof.

13-14. (canceled)

15. The method of claim 1, wherein said angiogenic disor-
der is characterized by excessive proliferation, migration, or
excess survival of endothelial cells.

16. The method of claim 1, wherein said angiogenic disor-
der 1s selected from the group consisting of cancer, infectious
diseases, autoimmune disorders, vascular malformations,
DiGeorge syndrome, HHT, cavernous hemangioma, athero-

sclerosis, transplant arteriopathy, vascular access stenosis
associated with hemodialysis, vasculitis, vasculitidis, obe-
sity, psoriasis, warts, allergic dermatitis, scar keloids, pyo-
genic granulomas, blistering disease, Kaposi sarcoma, per-
sistent hyperplastic vitreous syndrome, retinopathy of
prematurity, choroidal neovascularization, macular degen-
eration, diabetic retinopathy, ocular neovascularization, pri-
mary pulmonary hypertension, states of reduced blood pres-
sure, asthma, nasal polyps, inflammatory bowel and
periodontal disease, ascites, peritoneal adhesions, contracep-
tion, endometriosis, uterine bleeding, ovarian cysts, ovarian
hyperstimulation, arthritis, rheumatoid arthritis, synovitis,
osteomyelitis, and osteophyte formation.

17. (canceled)

18. A method for treating or preventing an endothelial cell
disorder in a subject in need thereof, said method comprising
administering to said subject a therapeutically effective
amount of an HspA12B agonist compound in an amount and
for a time sufficient to treat or prevent said endothelial cell
disorder in said subject.

19. The method of claim 18, wherein said HspA12B ago-
nist compound increases the expression level or biological
activity of a HspA12B polypeptide or nucleic acid molecule.

20. The method of claim 18, wherein said HspA12B ago-
nist compound is a purified HspA12B polypeptide or biologi-
cally active fragment thereof.

21. The method of claim 18, wherein said biologically
active fragment of HspA12B comprises the ATP binding
domain or the substrate binding domain of HspA12B.

22. The method of claim 18, wherein said HspA12B ago-
nist compound is an isolated HspA12B nucleic acid molecule
encoding an HspA12B polypeptide, or a biologically active
fragment thereof.

23. The method of claim 18, wherein said HspA12B ago-
nist compound is a growth factor that increases the biological
activity or expression level of HspA12B.

24. (canceled)

25. The method of claim 18, wherein said endothelial dis-
order is characterized by insufficient angiogenesis, vasocon-
striction, hypertension, vascular leak, altered vasomotor tone,
hypercoagulation, or anti-inflammatory properties.

26. The method of claim 18, wherein said endothelial dis-
order is selected from the group consisting of Alzheimer’s
disease, amyotrophic lateral sclerosis, diabetic neuropathy,
stroke, atherosclerosis, diabetes, restenosis, coronary artery
disease, peripheral vascular disease, vascular leak, vasculitis,
vasculitidis, Wegner’s disease, gastric or oral ulcerations,
cirrhosis, hepatorenal syndrome, Crohn’s disease, hair loss,
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skin purpura, telangiectasia, venous lake formation, delayed
wound healing, pre-eclampsia, sepsis, ischemia-reperfusion
injury, hypertension, chronic or acute infection, menorrhagia,
neonatal respiratory distress, pulmonary fibrosis, emphy-
sema, nephropathy, glomerulonephritis, sclerodoma, and
vascular abnormalities.

27. A method for promoting endothelial cell heath in a
subject in need thereof, said method comprising administer-
ing to said subject a therapeutically effective amount of an
HspA12B agonist compound in an amount and for a time
sufficient to promote endothelial cell health in said subject.

28-33. (canceled)

34. A method of diagnosing a subject as having or having a
propensity to develop an angiogenic or endothelial cell dis-
order, said method comprising determining the level of an
HspA12B polypeptide, HspA12B nucleic acid, or fragments
thereof, in a sample from said subject relative to a reference
sample or level, wherein an alteration in said subject levels
relative to said reference sample or level is diagnostic of an
angiogenic or endothelial cell disorder or a propensity to
develop an angiogenic or endothelial cell disorder in said
subject.

35-38. (canceled)

39. A method of diagnosing a subject as having or having a
propensity to develop an angiogenic disorder or an endothe-
lial cell disorder, said method comprising determining the
level of an antibody, or a fragment thereof, that specifically
binds HspA12B in a blood or serum sample from said subject
relative to a reference level, wherein an alteration in said
subject levels compared to said reference level is diagnostic
of an angiogenic disorder or an endothelial cell disorder or a
propensity to develop an angiogenic disorder or an endothe-
lial cell disorder in said subject.

40-42. (canceled)

43. A method of monitoring the endothelial cell health of a
subject, said method comprising measuring the level of an
HspA12B polypeptide, nucleic acid, HSPA12B specific anti-
body, or fragments thereof in a sample from said subject, and
comparing said level to a reference sample or level, wherein
an alteration in said level is an indicator of a change in the
endothelial cell health of the subject.

44-47. (canceled)

48. A kit for the diagnosis of an angiogenic disorder or an
endothelial cell disorder, said kit comprising an HspA12B
binding protein an instructions for the use of said HspA12B
binding protein for the diagnosis of an angiogenic disorder or
an endothelial cell disorder in a subject.

49. (canceled)

50. A kit for the diagnosis of an angiogenic disorder or an
endothelial cell disorder, said kit comprising a nucleic acid
complementary to at least a portion of HspA12B, wherein
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said nucleic acid molecules hybridizes at high stringency to
HspA12B, and instructions for the use of said nucleic acid for
the diagnosis of an angiogenic disorder or an endothelial cell
disorder in a subject.

51. A kit for the diagnosis of an angiogenic disorder or an
endothelial cell disorder, said kit comprising a polypeptide
that specifically binds an HspA12B antibody or fragment
thereof, and instructions for the use of said nucleic acid for the
diagnosis of an angiogenic disorder or an endothelial cell
disorder in a subject.

52-53. (canceled)

54. A method of identifying a compound for the treatment
of an angiogenic disorder or an endothelial cell disorder, said
method comprising contacting a cell that expresses an
HspA12B polypeptide with a candidate compound, and com-
paring the level of expression of the polypeptide in said cell
contacted by said compound with the level of expression in a
control cell not contacted by said candidate compound,
wherein an alteration in expression of said HSPAI2B
polypeptide identifies said candidate compound as a com-
pound for the treatment of an angiogenic disorder or an endot-
helial cell disorder.

55-56. (canceled)

57. A method of identifying a compound for the treatment
of an angiogenic disorder or an endothelial cell disorder, said
method comprising contacting a cell that expresses an
HSPA12B nucleic acid with a candidate compound, and com-
paring the level of expression of the HSPA12B nucleic acid in
said cell contacted by said compound with the level of expres-
sion in a control cell not contacted by said candidate com-
pound, wherein an alteration in expression of said HSPA12B
nucleic acid identifies said candidate compound as a com-
pound for the treatment of an angiogenic disorder or an endot-
helial cell disorder.

58-59. (canceled)

60. A method of identifying a compound for the treatment
of an angiogenic disorder or an endothelial cell disorder, said
method comprising contacting a cell that expresses an HSPA
12B polypeptide with a candidate compound, and comparing
the biological activity of the HSPA12B polypeptide in said
cell contacted by said compound with the biological activity
in a control cell not contacted by said candidate compound,
wherein an alteration in the biological activity of said
HSPA12B polypeptide identifies said candidate compound as
a compound for the treatment of an angiogenic disorder or an
endothelial cell disorder.

61. (canceled)
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