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METHODS OF MODULATING WARS2

BACKGROUND OF THE INVENTION

[0001] Proliferation of cells is central to the pathophysiology of various diseases.
For example, angiogenesis, which results from uncontrolled proliferation of endothelial
cells, plays an important role in, e.g., cancers, diabetic eye disease, macular
degeneration, and arthritis.

[0002] A need exists for methods of detecting pathological conditions and treating
conditions or diseases associated with uncontrolled proliferation of cells, including, for

example, proliferation of endothelial cells that contributes to angiogenesis.

SUMMARY OF THE INVENTION

[0003] As described herein, mitochondrial tryptophan tRNA synthetase (WARS?2)
has been identified to play a role in modulating proliferation of cells, in particular,
proliferation of endothelial cells, implicating the benefits of modulating WARS2 in
various disorders associated with angiogenesis. The present invention provides
methods for modulating angiogenesis by controlling WARS2 expression, WARS2
activity, or a combination thereof using various agents including, but not limited to a
nucleic acid, a small organic molecule, an antibody, an aptamer, a mutant WARS?2, or
any combination thereof, as described hereiﬁ.

[0004] In anothér aspéct, the present invention provides methods for modulating
proliferation of cells other than endothelial cells, e. g, cancerous cells. Thus, methods
for modulating proliferation of, e.g., cancerous celfs by controlling WARSZ expression,

WARS? activity, or a combination thereof using various agents are described herein.
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[0005] Also provided herein are methods 6f identifying an individual having, e.g., a
‘tumor or cardiovascular disorder, who would benefit from modulating WARS2

expression, WARS?2 activity, or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGS. 1A-1C shdw that genetic mapping of coronary flow of the rat genome
at three (3) indépendent time points identifies a single locus on rat chromosome 2q34
that controls coronary flow. 1A: genetic mapping in the F2 cross. Y axis, conﬁdence of
significant association (1=100%, redline = threshold for significance); X axis, position
in the rat genome. 1B: haplotype reﬁnement. of the region usihg mapping strains and
additional strains (BN=Brown Norway, SHR=spontaneously hypertensive rat,
LEW=Lewis rat, WKY=Wistar Kyoto rat). 1C: genetic control of gene expression at the
locus. Two genes were found to be under strong genetic control, Pex/1b and Wars2.
[0007] FIGS. 2A-2E shoW coronary flow in various rat strains. (2A) loW flow in
Lew, SHR and WKY strains, (2B) rescue of the low flow in the SHR.BN2 congenic.
(2C) Different capillary densities in the SHR.BN2 congenic. (2D) GenotYpe-speciﬁc
effect of the genotype at the coronary flow (CF) locus with SHR alleles having lower
flow. (2E) Mutation of leucine residue 53 to phenylalanine (F) in the SHR (SEQ ID
NO: 5), Lew (SEQ ID NO: 6) and WKY (SEQ ID NO: 7) (low blood flow) as compared
to the wildtype allele in the BN rat (SEQ ID NO: 8) (high blood flow). Conservation of
this residue from mouse (SEQ ID NO: 9), human (SEQ ID NO: 10), chicken (SEQ ID
NO: 11), fruit fly (SEQ ID NO: 12), zebrafish (SEQ ID NO: 13) and back to yeast (SEQ
IDUNO: 14) is shown.

[0008] FIG. 3 shows localisation of wild-type (WT) and L53F WARS2 in
mitochondria and impaired enzymatic activity of the mutanf enzyme. Confocal image
ahalysis ;)f cellular localization of WARS2. Human embryonic kidney cells (HEK2§3
cells) were transfected with WT or L53F WARS2-GFP and after 24h cells were fixed,
permeabilized and labeled with anti-cox4 (centre two panels). Cé-localisation of

WARS? with cox4 is shown in the right-most two panels. Bar size=Spm.
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[0009] - FIG. 4 shows that WARS2 binds to WARS, an effect that is diminished by
the WARS2(L53F) mutation in the human WARS2 protein; that is, WARS2(L53F)
binds less strongly to WARS. Human Umbilical Vein Endothelial (HUVEC) cells were
transfected with no vector (MOCK), flag-tagged wild type WARS2 (WT) or the flag- -
tagged WARS2(L53F) mutant (MUT) and immunoprecipitated flag proteins analyzed
* for interaction with WARS.

[0010] FIG. 5 shows that WARS2 modulates WARS secretion in HUVEC cell |
media. WARS?2 gene silencing (top) using siRNA results in increased WARS secretion
in response to IFN gamma stimulation. In contrast, WARS?2 over-expression (bottom)
using an adenoviral vector inhibits WARS secretion. ‘ .
[0011] FIGS. 6A and 6B: FIG. 6A shows that WARS?2 silencing (siWARS2) has no
effect on WARS transcript expression of splicing. FIG. 6B shows WARS subcellular
localization in endothelial cells at baseline and following IFN-gamma stimulation.
[0012] FIG. 7 illustrates that WARS?2 binds to components of the GAIT complex,
an effect that is not seen in the L53F mutant. HUVEC cells were transfected with Flag-
tagged WARS?2 or Flag-tagged WARS2(L53F) and flag-purified fractions blotted for
interactions with GAIT complex proteins.

[0013] FIG. 8 shows that WARS2 over-expression causes proteosomal degradation
of the critical GAIT comporient RPL13a that can be reversed by the addition of the
inhibitor MG132. The mutant WARS2(L53F) has no effect on L.13a expression.

[0014] FIG. 9 indicates WARS is secreted from HUVEC into the media in
exosomes, an effect that is not inhibited by brefeldin A (BFA). AnnexA2 - Annexin A.
[0015] FIG. 10 shows dOsé-dependent effects of silencing the zebrafish Wars2 gene
using a morpholmo against Wars2 start codon (ATG MO) The effect was reversed by

. over-expression of human WARS?2 protein.

[0016] FIG. 11 shows dose-dependent effects of silencing the zebraﬁsh Wars2 gene,
using a morpholmo against Wars2 start codon, on blood flow (top left), survival (top
right) and heart function (bottom left). CO = cardiac output; dpf days post

- fertilization. Bars mean; error bars, SEMs.
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[0017] FIG. 12 shows abnormal blood vessel formation in the F lk-GFP fish with
Wars2 inhibition, and quantification of the dése—dependent effect (bottom léﬂ).»

[0018] FIG. 13isan alignment of amino acid sequences of rat WARS2 (SEQ ID
NO: 1), mouse WARS2 (SEQ ID NO: 2) and human WARS2 (SEQ ID NO: 3). The
highlighted sequence “PTGIPHLGNYLGA” shows the position of the lysine residue L
that is mutated in mutant WARS2(L53F). |
[0019]  FIG. 14 shows the cDNA sequence of human WARS2 (SEQ ID NO: 4). The
highlighted sequences are the regions targeted by siRNAs.

[0020]  FIG. 15 is a bar graph showing the knockdown of expression of WARS?2
mRNA in HEK293 cells in the presence of three different WARS? siRNAs.

[0021] FIG. 16 is a graph showing that the WARS2 SNP that controls WARS2
expression also controls WARS levels in human plasma. **, P<0.01

[0022] FIG. 17 is confocal imaging which shows that WARS is secreted in
exosomes and that expression of WARS2 inhibits tﬁe secretion of these exosomes by
trapping WARS in the cells. HUVEC cells infected with control virus (Ad. Control,
shown in the left panel) or with virus expressing WARS2 (Ad. WARS?2, shown in the
i‘ight panel) were each stimulated with Interferon gamma (IFN-y) and then stained. In
control cells, fnembrane bound exosomes/micro-vesicles containing WARS are seen
budding from the cell’s plasma membrane (arrows). In contrast, large amounts of |
WARS accumulate at the plasma membrane (*), but not in exosomes, in WARS2-
infected cells. _ »

[0023] FIGS. 18A and 18B show effective targeting of Wars2 in the Brown Norway
(BN) rat using zinc finger nuclease. FIG. 18A shows genotyping of the 8bp deletion in
wild type BN( Warsfl * ) and heterozygous gene targeted BN(Wars2"") rats that were
generatéd usiﬂg zinc finger nucleases. Lane 1, homozygous wildtype Wars2™; lanes 2-
6, heterozygous WdrsZ'/ *: Lane 7, marker (50bp, 100bp and 150bp). FIG. 18B depicts
gene expression of Wars2 in BN and )Fl(WarSZ'/ *y and F1(Wars2™>F, compound
hypomorphic) rats. *, P<0.05; **, P<0.01; *** P<0.001.
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- [0024] FIGS. 19A-C are in vivo data in the rat showing zinc finger nuclease
mediated effects on blood vessel density by targeting rat Wars2 using nuclease
technology. FIG. 19A:shows capillary blood vessel density is low when Wars2 is low.
FIG. 19B shows capillary area is low in the heart when Wars2 is low. FIG. 19C
illustrates that coronary flow, that is dependent on capillary density, is low in the heart
with low WarsZ. Bars, mean; error bars, SEMs. ** P<(.01; *** P<0.001.

[0025] FIGS. 20A and 20B illustrate other modes of WARS2 activity inhibition.
FIG. 20A shows that indolmycin inhibits human mitochondrial WARS2 but not human
cytosolic WARS activity. FIG. 20B shows decreased activity in the Wars2 mutant rat
(having L53F mutation). **, P<0.01; ***, P<0.001. '

[0026]  FIG. 21 shows in vivo knockdown of Wars2 in the eye using cholesterol
modified siRNA. “NT” denotes non-targeting SiRNA. Data are the mean of the results
from three rats. **, P<0.01. |

[0027] FIGS. 22A-F illustrate effects of WARS2 in an in vftro model of
angiogenesis. FIGS. 22A-C show WARS?2 loss-of-function as demonstrated by
decreased EC tube formation; FIGS. 22D-F show WARS2 gain-of-function using
Adenoviral (Ad)-mediated over-expression of WARS2 when compared with GFP. Total
EC tubeé (FIG. 22A and 22D), total EC tube length (FIG. 22B and 22E) and total
branching points (FIG. 22C and 22F). Bars, mean; error bars, SD. *** P<0.001.

[0028] FIGS. 23A and 23B sh'ow the effects of WARS2 inhibition on EC
morphology and cell number. FIG. 23A shows super-resolution microscopy of ECs
transfected with siNT or siWARS2 and stained for actin (left), mitochondria (middle),
and composite images with nuclear stain (right) (scale bar = 25um). In the presence of

~ siWARS?2, the actin stress fibres gssentially disappear altogether and cell edges take on,
a ruffled appearance (left and right panels), while the mitochondria become élumpy
(middle and right panels). FIG. 2313 indicates EC number in cultures transfected with
siNT or siWARS?2 for 72 h. Bars, mean; error bars, SD. *, P<0.01, *** P<0.001.
[0029] FIGS. 24A and 24B illustrate effects of WARS2 inhibition on the cell cycle.
FIG. 24A shows that siRNA-mediated inhibition of WARS2 in endothelial cells (ECs)
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results in multiple cells with two or more incompletely separated nuclei. Nuclei (arrow
heads); (bar=50um). FIG. 24B is a FACS analysiS of the cell cycle in proliferating ECs
treated with non-targeting siRNA (siNT) or siRNA against WARS2 (siWARSZ) ; results ‘
show a significant reduction in ECs in the S phase and an increased nﬁmber in the
G2/M phase (seen as 4N iﬁcréasing from 19.62% to 30.81%) with siWARS2. The
experiment was repeated (n=3) with similar results. |

- [0030] FIG. 25 illustrates that inhibition of Wars2 prevents blood vessel growth in a
breast cancer angiogenesis model. Arrows indicate areas of blood vessel growth into
Vascular Endothelial Growth Factor (VEGF) matrigel plugs from animals expressing
normal Wars2. By contrast, virtually no growth into plugs from animals harboring the
Wars2(L53F) mutation can be seen. |
[0031] FIG. 26 shows proliferation of cells of the A549 lung carcinoma cell line can
'be>reduced by decreasing expression of WARS2. Data are mean of three experiments;

standard deviation bars are shown. “***” indicates significant at P < 0.005.

DETAILED DESCRIPTION OF THE INVENTION

[0032] A description of example embodiments of the invention follows.

[0033] As described herein, in an experimental rat cross (Brown Norway x
Spontaneously Hypertensive rat F2 population), the genetic determinants of coronary
flow were mapped and a locus on rat chromosome 2 that genetically controlled blood
flow in the heart was identified. The effect was confirmed in a congenic rat that had
diminished capillary density. Haplotype mapping and eQTL analysis prioritized
tryptophan tRNA synthetase 2 (Wars2; mitochondrial localized) as the candidate gene
at the locus and sequencing of Wars2 identified a L53F mutation in a highly conserved
ATP binding domain (refer to FIG. 13). » '

[0034] Amino acyl tRNA synthetases can form hetero-dimeric complexes and
WARS?2 was observed td bind to WARS that, when cleaved and secreted, inhibits
VEGFA signaling and angiogenesis. Binding of WARS2 to WARS was largely '
abolished in the L53F mutant form. In IFN-y-stimulated endothelial cells, WARS2

over-expression limited secretion of the-anti-angiogenic WARS fragment, whéreas
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WARS?2 knockdown increased its release. WARS exhibited non-canonical secretion and,
as demonstrated herein, WARS secretion in exosomes. While WARS is mostly
localized to the cytosol, increased WARS was found in the mitochondrial éompartment
and WARS intra-cellular retention and decreased cleavage were observed in the

- presence of WARS? over-expression. In a zebrafish model, morpholino-mediated
inhibition of Wars2 resulted in diminished blood vessel lumenisaﬁon, interruption of
arterial structures; and impaired heart function. Moreovef, as described herein,
inhibition of WARS?2 activity or expression results in diminished proliferation of
endothelial cells.
[0035] Taken together, the data herein identify WARS?2 as a novel gene for
modulating angiogenesis. Indeed, WARS?2 enzyme active site and binding to WARS
affects blood vessel formation. As shown herein, targeting WARS?2 biologically
modulates extracellular vesicle (e.g., exosome) secretion of WARS, as well as
prolifefation of endothelial cells, and this effect can be used to inhibit aberrant
angiogenesis in individual (e.g., human) diseases such as cancers, notably breast cancer
where WARS?2 is implicated, eye diseases and metabolic conditions such as obesity
(where WARS2 mutation has implicated a role in such diseases). The data herein
demonstrate that mutation of WARS2 can have a profound effect on the function of
WARS, endothelial cell proliferation, and thereby on angiogenesis.
[0036] In another aspect, data provided herein show that inhibition of WARS2 also
results in a significant reduction on cancer 'ceil numbers, indicating a broader role in the
modulation of cell prolifefation beyond endothelial cells, including, e.g., modulating the
proliferation of cancerous cells per se. - »
[0037] As used herein the term “WARS2” refers to a mitochondrial aminoacyl-
tRNA synthetase. Aminoacyl-tRNA synthétases catalyze the aminoacylation of tRNA
to their cognate amino acid. Specifically, “WARS2” is the mitochondrial tryptophan
tRNA synthetase. Two forms of tryptophan-tRNA synthetase efcist, a cytoplasmic form,
named WARS, and a mitochondrial form, named WARS2.
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[0038] As used herein, the human form of, e.g.,, WARS2, is indicated in all capital
letters, wherein the DNA/RNA form is italicized (WARS2) and the protein form is not
italicized (WARS2). Generally, non-human forms (e.g., mouse or rat) are indicated as
Wars2 in lower case except for the first letter, wherein the DNA/RNA form is italicized
. (Wars2) and the protein form is not italicized (Wars2). -
[0039] Accordmgly, in one aspect, the present invention is dlrected to a method of
modulating angiogenesis in an individual in need thereof comprising administering an
effective amount of an agent that modulates expression of WARS2, activity of WARS2,
or a combination thereof.
[0040] As used herein, “angiogenesis” refers to the proliferaﬁon of endothelial cells
wh1ch form blood vessels.
[0041] As used herein, the terms © ‘modulate(s)” or “modulating” angiogenesis refer
to alter(s) or altering angiogenesis. For example, the method of modulating
angiogenesis includeé‘ inhibiting, enhancing or maintaining angiogenesis. Thus, in
another aspect, the present invention is directed to a method of inhibiting angiogenesis
in an individual in need thereof comprising administering an effective amount of an
agent that inhibits expression of WARS?2, activity of WARS2, or a combination thereof.
[0042] In some aspects, the method of inhibiting angiogenesis can be ﬁsed to inhibit
angiogenesis caused by, or that occurs as a consequence of, one or more conditions or
diseases. For example, the method can be used to inhibit angiogenesis in an individﬁal
that has retinopathy (e.g., diabetic retinopathy) or macular degeneration (e.g., age-
related macular degeneration (AMD) such as wet AMD or dry AMD). Alternatively, the
~method of inhibiting angiogenesis can be used to inhibit angibgenesis of a cancer (e.g.,
to inhibit the growth of blood vessels supporting the grwah of a tumor) (Curtis, C. et
al., Nature, 486:346-352 (2012); Aberg, UWN et al., PLoS One, 6e:25720'(201 1),
Damasceno M et al. Curr Opin Oncol, 23 Suppl:S3-9 (2011); Huana C-C ef al., PLoS
One, 8e:76421 (2013)) or metabolic conditions such as obesity (Heid et al., Nature
Genetics, 42:949-960. (2010) Rosen ED et al., Cell, 1 56 20-44 (2014); Koza, RA etal,
J Biol Chem 275: 34486-34492 (2000)).
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[0043] In other aspects, the invention is directed to a method of treating retinopathy
in an individual in need thereof comprising administering an effective amount‘ of an
agent that inhibits expression of WARS?2, activity of WARS?2 or a combination thereof.
In a particular aspect, the retinopathy is diabetic retinopathy.
[0044] In yet other aspects, the invention is directed to a method of treating macular
degeneration (e.g., wet AMD; dry AMD) in an individual in need thereof comprising
administering an effective amount of an agent that inhibits expression of WARS2,
activity of WARS?2 or a combination thereof.
[0045] In other aspects, the invention is directed to a method of enhancing
angiogenesis in an individual in need thereof corﬁprising adminiétering an effective
amount of an agent that enhances expression of WARS2, activity of WARS2 or a
combination thereof.
[0046] In some aspects, the method of enhancing angiogenesis can be used to

‘ ‘enhance ahgio genesis in an individual that is undergoing and/or has undergone
transplantation (e.g., organ transplantation) or wound healing, or is exhibiting various
forms of cardiovascular disease. |
[0047] As used herein, “cardiovascular disease” includes, but is not limited to:
angina, myocardial infarction, heart failure, atherosclerosis, and angiosarcoma.
[0048] In another aspect, as described herein, modulation of WARS?2 can modulate
the multiplication (grthh) of cells other than endothelial cells (é. g., cancerous cells).

-In particular, inhibition of WARS?2 expression or WARS? activity can reduce the
number of cancerous cells. Thus, the present invention is directed to a method of
modulating cancer cell proliferation in an individual in need thereof comprising
administering an effective amount of an agent that modulates expréssion of WARS2,
activity of WARS2, or a combinatioh thereof.As used herein, “cancer cell proliferation”
refers to the multiplication of cancer cells per se. |
[0049] | As used herein, the terms “modulate(s)” or “modulating” cancer cell

proliferation refer to alter(s) or altering the ability of cancer cells to multiply. For
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example, the method of modulating cancer cell proliferation includes inhibiting,
enhancing, or maintaining the multipli;:ation‘ of cancer cells. -
[0050] In a particular aspect, the invention is directed to a method of inhibiting
cancer cell proliferation in an individual in need thereof comprising administering an
effective amount of an agent that inhibits expression of WARS?2, activity of WARS?2, or
a combination thereof. | | - | -
[0051] As described herein, the agent used in the methods modulates (e.g., inhibits,
enhances) the expression of WARS?2, the activity of WARS2 or a combination thereof.
Activities of WARS?2 include interaction (e.g., binding) of WARS2 with one or more
partners. For example, as shown herein, WARS2 interacts with WARS and proteins of
the Gamma-interferon Activated Inhibitor of Translation (GAIT) complex. Specific
examples of proteins of the GAIT complex that interact with WARS2 include glutamyl-
prolyl tRNA synthetase (EPRS), glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), and Ribosomal Protein L 13a (RPL13a). Thus,‘in some aspects, the agent
used in the methods h&odulates the interaction of WARS?2 with WARS, EPRS, GAPDH,
- RPL13a or a combination thereof.
[0052] Any of a variety of agents can be used in the methods provided herein. For
example, the agent can be a nucleic acid (e.g., DNA, RNA), a small organic molecule,
~an antibody, an aptamer, a mutant WARS2, or a combination thereof. Such agents may
be readily tested, for example, according to the methods exemplified herein, to assess
whether it has a desired effect (e.g., inhibition or activation/enhancement) on WARS2
expression, WARS2 activity, or a combination thereof.
[0053] In particular aspects, the agent is a nucleic acid that binds to nucleic acid that
encodes all or a portion of WARS2, regulates the expression of WARS2, encodes all or a
portion of a polypeptide that interacts with (e.g., binds to) WARS2, and/or regulates the
expression of a polypeptide that interacts with WARS2. Examples of such nucleic acids
that regulate the expression of a polypeptide that interacts with WARS2, or expression
of WARS? itself include small‘.interfering ribonucleic acid (siRNA), antisense, short
hairpin RNA (shRNA), an aptamer, and/or a morpholino oligomer. In other aspects, the
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agent is a vector that directs expression of WARS2 and/or a polypeptide that interacts -
with (e.g., binds to) WARS2. In one aspect, the agent is a vector that directs

| overexpression of WARS2. Additional examples of inhibitory nucleic acids and

: methods of designing such nucleic acids suitable for use in the present invention are
readily available to one of skill in the art. See, e.g. U.S. Patent Application No.
20150017091. In a-particular aspect, the agent is a siRNA that reduces or inhibits the
expression of WARS2, as exemplified herein. In one aspect, the siRNA pair directed to
WARS2 is SEQ ID NOs: 50 and 51; SEQ ID NOs: 52 and 53; or SEQ ID NOs: 54 and
55. In another aspect, the siRNA pair directed to Wars2 is SEQ ID NOs: 48 and 49.
[0054] In further aspects, the agent is a small organic molecule that influences,
directly or indirectly, WARS2 expression, WARS?2 activity, or a combination thereof.
Small organic molecules that can modulate WARS2 expression and/or WARS?2 activity
may be accomplished using standard methods, and as described in any of the assays
exemplified herein. If WARS?2 expression and/or WARS?2 activity is altered in the
presence of the agent compared to a control, then the agent modulates WARS2
expressibn énd/or WARS?2 activity. In one aspect, the agent is indolmycin or any
effective derivative thereof.
[0055] In other aspects, the agent is an antibody that influences, diiectly or
indirectly, WARS2 expression, WARS?2 activity, or a combination thereof. Methods for
identifying, isolating, and producing antibodies, as well as active fragments thereof,

~ directed to any suitable target are well established and known i the art. Unless the
context indicates otherwise, the term "antibody" is used in the broadest sense and
specifically covers antibodies (including full-léngth monoclonal antibodies) and
antibody fragments, so long as they recognize and bind WARS2. An antibody molecule
is usually monospecific, but may alsov be deséribed as heterospecific or polyspecific. |
Antibody molecules bind by means of specific binding sites to specific antigenic
determinants or epitopes on antigens. "Antibody fragments" comprise a portion of a full

| léngth antibody, generally the antigen binding or variable region thereof. Examples of

antibody fragments include Fab, Fab', F(ab'),, and Fv fragments; diabodies; linear
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antibodies; single-chain antibody molecules; and multispecific antibodies formed from
antibody fragments. Thus, in oh.e aspect, the agent is an antibody that binds to WARS2
and modulates its activity by, e.g., modulating its binding to WARS. In other aspects,
an antibody may target and bind to a protein that modulates WARS?2 expression, thereby
modulating WARS?2 indirectly. Methods for screening the effects of the antibody on
WARS2 expression or WARS?2 activity may be accomplished using standard methods,
and as described in any of the assays exemplified herein. |
[0056] Methods for preparing polyclonal antibodies are readily available to those

~ skilled in the art. See, for example, Green, et al., Production of Polyclonal Antisera, in:
Immunochemical Protocols (Manson, ed.), pages 1-5 (Humané Press); Coligan, et al .
Production of Polyclonal Antisera in Rabbits, Rats Mice and Hamsters, in: Current
Protocols in Immunology, section 2.4.1 (1992).
Methods for preparing monoclonal antibodies are likewise available to one of skill in
the art. See, for example, Kohler & Milstein, Nature, 256:495 (1975); Coligan, et al.,' .
sections 2.5.1-2.6.7; and Harlow, et al., in: Antibodies: A Laboratory Manual, page 726
(Cold Spring Harbor Pub. (1988)), which are hereby incorporated by reference. |

* Monoelonal antibodies can be isolated and purified from hybridoma cultures by a
Vériety of well-established techniques. Such isolation techniques include affinity
chromatography with Protein-A Sepharose, size-exclusion chromatography, and ion-
exchange chromatography. See, €.g., Coligan, et al., secti’onsv2.7.1-2.7.12 and sections
2.9.1-2.9.3; Barnes, et al., Purification of Immunoglobulin G (IgG), in: Methods in
Molecular Biology, Vol. 10, pages 79-104 (Humana Press (1992).
Methods of in vitro and in vivo manipulation of monoclonal ontibodies are also

- available to those skilled in the art. For example, monoclonal antibodies to be used in

- accordance with the present invention may be made by the hyBridoma method first
described by Kohler and Milstein, Nature 256, 495 (1975), or may be made by
recombinant methods, e.g., as described in U.S. Pat. No. 4,816,567. The monoclonal
antibodies for use with the present invention may also be isolated from phage antibody

libraries using the techniques described in Clackson ef al. Nature 352: 624-628 (1991),
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as well as in Marks et al., J. Mol. Biol. 222: 581-597 (1991). Additionally, humanizing
a monoclonal antibody by recombinant means to generate antibodies éontairling human
spevciﬁc and recognizable sequences are well known. See, for review, Holmes, et al., J.
Immunol., 158:2192-2201 (1997) and Vaswani, ef al., Annals Allergy, Asthma &
Immunol., 81:105-115 (1998). -
[0057] In another aépect, the agent is an aptamer that influences, directly or

_ indirectly, WARS2 expression, WARS?2 activity, or a combination thereof. An
"aptamer" refers to a nucleic acid molecule that is capable of binding to a particular
molecule of interest with high affinity and specificity. Aptamets are typically
developed to bind particular ligands by employing known in vivo ot in vitro selection
techniques known as SELEX (Systematic Evolution of Ligands by Exponential
Enrichment). Méthods of making aptamers are described in, for example, Ellington and
Szostak, Nature 346:818 (1990), Tuerk and Gold, Science 249:505 (1990), U.S. Pat.
No. 5,582,981, PCT Publication No. WO 00/20040, U.S. Pat. No. 5,270,163,‘Lorsch
and Szostak, Biochemistry, 33:973 (1994), Mannironi et al., Biochemistry 36:9726
(1997), Blind, Proc. Nat'l. Acad. Sci. USA 96:3606-3610 (1999), Huizenga and
Szostak, Biochemistry, 34:656-665 (1995), PCT Publication Nos. WO 99/54506, WO
99/27133, WO 97/42317 and U.S. Pat. No. 5,756,291. Aptamers may be used, as
appropriate in the present invention, to activate or inhibit expression of WARS2, or bind
directly to WARS2 to modulate its activity. Methods for screening and designing
aptamers are Wéll established and .readilyr available to one of skill in the art.
[0058] In yet other éspects, the agent is a mutant WARS?2 that influences WARS2
expression, WARS?2 activity, or a combination thereof. For example, as described
herein, a WARS2 mutant having the L33F substitution modulates wildtype WARS2

" binding to WARS. Accordingly, if it is desired to inhibit WARS2 activity (e.g., to
inhibit endothelial cell proliferation, thereby inhibiting angiogenesis; or to inhibit
cancerous cell proliferation), a vector carrying the L53F mutant form of WARS2 may be
targeted in vivo using known gene deliyery methods (see, e.g., U.S. Pat. No. 8,741,279

and Ramamoorth M and Narvekar A. Non-viral vectors in gene therapy — an overview.
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J. Clin Diagn Res. 2015 Jan; 9(1): GE01-6. doi: 10.7860/JCDR/2015/10443.5394. Epub
2015 Jan 1) In another aspect, WARS?2 expression may be disrupted altogether in vivo
in tumors using known targeted gene disruption methods.
[0059] Without wishing to be limited to any one particular mechanism of action,
data described herein suggest that WARS2 acts aS a modulator of endothelial cell
proliferation (and, therefore, of angiogenesis) through one or more mechanisms. For
example, the inhibition of WARS? leads to a dramatic loss of the stress fibres that are
required for endothelial cell migration and division. The lack of fibres may inhibit
and/or preclude endothelial cell proliferation and the formation of blood vessels
(angiogenesis); fhere is incomplete separation of nuclei and cells are seen to accumulate
in G2/M phase. The inability to divide eventually leads to cell death. Similarly, WARS2
may act as a modulator of proliferation of other cell types, e.g., cancerous cells, as a
result of incomplete cell division.

| [0060] In addition, WARS2 may function by adv_érsely affecting energy productfon
in mitochondria. Oxygen consumption is significantly reduced when WARS?2 is |
inhibited. The loss of energy required for cell migration and division similarly may lead

| to cells being unable to divide, arresting in G2/M phase, and eventually dying. In both
cases, the outcome is inhibition of angiogenesis in the context of the failuré of
endothelial cells to divide and proliferate to form blood vessels. Data herein
demonstrate a significant reduction in formation of endothelial cell tubes in the presence
of inhibited WARS2. In the context of cancerous cells, the outcome is cell death and
decreased proliferation of cancerous cells. S
[0061] Again, without wishing to be limited to any particular mechanism of action,
other data described herein suggest thaf WARS?2 acts as a modulator of angiogenesis by
interacting with and inhibiting the secretion of WARS from exosomes. In experiments
described herein, WARS?2 gain of function decreased WARS secretion. A decrease in -
WARS secretion would be expected to have downstream effects on angiogenesis.
[0062] Accordingly, in other aspects, the invention is directed to a method of

idéntifying angiogenic potential of a tumor in an individual in need thereof. As used
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herein “angiogenic potential” of a tumor refers to the ability of the body to stimulate
tumor growth due to the proliferation of blood vessels that penetrate into the tumor, and
e.g., supply nutrients- and oxygen to, and/or remove waste products from the tumor. In a
particular aspect, the angiogenic potential of a tumor refers to the ability of the tumor to
invade (invasiveness potential) and/or metastasize (metastatic potential) into tissue (e.g.,
tissue proximal or distal to the site of the tumor). |

[0063] In one aspect, the method comprises determining a level of WARS in one or
more extracellular vesicles (EV), such as one or more exosomes, and/or contents thereof
obtained from the individual compared to a control. An increased level of WARS in the
one or mbre EVs and/or contents thereof compared to the control indicates a lower -
likelihood of proliferation of blood vessels that penetrates into (e.g., supplies nutrients
and oxygen to, and/or removes waste products from) the tumor, and thus, a tumor with
low angiogenic potential in the individual. A decreased level of WARS in the one or
more EVs and/or cdntents thereof compared to the control indicates a higher likelihood
of proliferation of blood vessels that penetrates into (e.g., supplies nutrients and oxygen
to, and/or removes waste products from) the tumor, and thus, a tumor with high
angiogenic potential in the individual. The method can further comprise obtaining one
or more EVs and/or contents thereof from the individual.

[0064] In a particular aspect, the method of identifying angiogenic potential of a
tumor in an individual in need thereof comprises obtaining one or more EVs (e.g.,
exosomes) and/or contents thereof from the individual; and determining a level of
WARS in the one or more EVs and/or contents thereof compared to a control. An
increased level of WARS in the one or more EVs and/or contents thereof compared to
the control indicates a lower likelihood of proliferation of blood vessels that penetrates
into the tumor, and thus, a tumor with low angiog_enic potential in the individual. A
decreased level of WARS in the one or more EVs and/or contents thereof compared to
the control indicates a higher likelihood of proliferation of blood vessels that penetrates

into the tumor, and thus, a tumor with high angiogenic potential in the individual.
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[0065] As used herein, extracellular vesicles (EVs) are vesicles that are released
(e.g., secreted) by a (one or more) cell. In particular aspects, the EVs are exosomes,
which are about 30-100nm membrane vesicles, of endocytic origin secreted by most
cell types (e.g., in vivo; in vitro). In yet other aspects, the EVs are ectosomes, which are
about 100-1000nm mémbi‘anc vesicles, of endocytic origin secreted by most cell types
(e.g., invivo, in vitro). EVs are also found in vivo in body fluids (e.g., blood, ﬁrine,
amniotic ﬂuid, malignant ascites, bronchoalveolar lavage fluid, synovial fluid, and
breast milk) and tissues. Methods of obtaining and analyzing EVs and the contents of
one or more EVs are known to those of skill in the art, See, for example, Wang et al., J
Biol Chem, published online‘rSeptember 3, 2013 which is incorpérated herein in its
entirety. In particular aspects, the one or more EVs are isolated, purified, substantially
purified, and/or partially purified.
[0066] The method of identifying angiogenic potential of a tumor can further
comprise obtaining a sample (a biological sample) that comprises one or more EVs. The
sample can be obtained from a biological fluid, a biological tissue or a combination
thereof. Examples of biological samples for use in the methods include biological fluids
(e.g., blood, serum, urine, amniotic fluid, malignant ascites, bronchoalveolar lavage
fluid, synovial fluid, breast milk) and biological tissue (e.g., organ tissue, tumor tissue)
and the like.
[0067] The method of identifying angiogenic potential of a tumor can further
comprise treating the individual based on the angiogenic potential of the tumor. For
example, the method can further comprise treating an individual having a tumor with
high angiogenic potential with an anti-angiogenic treatment and/or a treatment other
than an anti-angiogenic treatment. Alternatively, the vmethod can further comprise
treating an individﬁal having a tumor with low angio genic potential with a tr_eatﬁeht

- other than an anti-angiogenic treatment (e.g., a chemotherapeutic agent that does not
inhibit angiogenesis), or treating the individual with an anti-angiogenic treatment and a
treatment other than an anti-angiogenic treatment. In certain aspects, the individual is

freated with an effective amount of an agent that inhibits WARS2 expression, WARS?2
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activity, or combination thereof, if the level of WARS is decreased in the one or more
EVs and/or contents thereof compared to the control. As will be épparent to those of
skill in the art, a variety of controls can be used in the method of identifying angiogenic
potential of a tumor. In one aspect, the control is a level of WARS in one or more EVs
obtained from one or more individuals without a tumor (e.g., in one of more samples
comprising EVsl from an individual withbut a tﬁmor such as one or more healthy
individuals).
[0068] In another aspect of the present invention, there is provided a method of
identifying angiogenic potential in an individual having a cardiovascular disorder. As
used herein, "‘angio genic potential” of a cardiovascular condition refers to the ability of
the body to modulate (i.e., increase or decrease) cardiovascular responses due to the
proliferation of blood vessels that provide coronary blood flow to the heart.
[0069] In one aspect, the method comprises determining a level of WARS in one or
more extracellular vesicles (EV), such as one or more exosomes, and/or contents thereof
obtained from the individual having a cardiovascular disorder compared to é control.
An increased level of WARS in the one or more EVs and/or contents thereof compared
to the control indicates low or reduced angiogenic potential in the individual, and thus,
low corohary blood flow into the heart, which may lead to, e.g., angina and heart .
failure. A decreased level of WARS in the one or more EVs and/or contents thereof
compared to the control indicates high or increased angiogenic potential in the
individual, which may lead to, e.‘g., increased atherosclerosis. In certain aspects, high or
increased angiogenic potential is associated with obesity as a result of the growth of fat
cells. The method can further comprise obtaining one or more EVs and/or contents
thereof from the individual.
[0070] . In a particular aspect, the method of identifying angiogenic potentiél in an
individual having a cardiovascular disorder comprises obtaining one or more EVs (e.g.,
exosomes) and/or contents thereof from the individual; and determining a level of

WARS in the one or more EVs and/or contents thereof compared to a control. The



WO 2015/137881 PCT/SG2015/000078

-18-

control may be a level of WARS in one or more EVs obtained from one or more
individuals without a cardiovascular condition. | '
[0071] The method of identifying angiogenic pbtential in an individual haVing a
cardiovascular disorder can further comprise obtaining a sample (a biological sample)
that comprises one or more EVs. The 'sam'ple can be obtained from a biological'ﬂuid, a
biological tissué or a combination thereof. Examples of biological samples for use in the
methods include biological fluids (e.g., blood, serum, urine, amniotic fluid, malignant
ascites, bronchoalveolar lavage fluid, synovial fluid, breast milk) and biological tissue
(e.g., organ tissue, tumor tissue) and the like. o
[0072] The method of identifying angiogenic potential in an individual having a
cardiovascular disorder can further comprise treating the individual based on the
identified angiogenic potential of the individual having a cardiovascular disorder. For
example, the method can further comprise treating an individual having a
cardiovascular condition with low or reduced angiogenic potential, as compared to at
control, with a suitable therapéutic to alleviate or prevent angina or heart failure. In
another example, the method can further cbmprise treating an individual having a

| cardiovascular condition with high or increased angiogenic potential, as compared to a
control, with a suitable therapeutic to alleviate or prevent the effects of atherosclerosis.
In certain aspects, the individual is treated with an effective amount of an agent that
enhances WARSZ expréssion, WARS?2 activity, or combination thereof, if the level of
WARS is increased in the ohe or moré EVs and/or contents thereof compared to the
control to treat, e.g., angina or heart failure. In other aspects, the individual is treated
with an effective amount of an agent that inhibits WARS2 expression, WARS? activity,
or combination thereof, if the level of WARS is decreased in the one or more EVs
and/or contents fheréof compared to the control to the effects of,-e. g., atherosclerosis.
[0073] In other aspects, the invention is directed to a method of determining
‘whether an individual in need thereof will benefit from anti-angiogenesis treatment. The -
method comprises performing genomic élnalysis of all or a portion of the individual's

chromosome 1, wherein the portion comprises
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TTCATATTCTGTCGAGACACCCATCIC/ G]CCCTGTGTTTCACTTGTCTGATTA
C (SEQ ID NO: 38), and detécting at least one allele at position 26 of SEQ ID NO: 38.
If at least one allele is a G at position 26 of SEQ ID NO: 38, then the individual will
benefit from anti-angiogenesis ttfeatment. In some aspects, one allele at position 26 of
SEQ ID NO: 38 in the individual is a G and the other allele is a C (the individual is
heterozygous for the alleles at positibn 26, G:C). In other aspects, both alleles at

‘ positi;)n 26 of SEQ ID NO: 38 in the individual are G (the individual is homozygous for
the alleles at position 26, G:G). In yet other aspects, both alleles at position 26 of SEQ
ID NO: 38 in the individual are C (the individual is homozygous for the alleles at
position 26, C:C). In a particular aspect, the individual h:as a tumor.
[0074] The portion of chromosome 1 which comprises SEQ ID NO: 38 comprises’
position 119,503,593-119,504,093 of cilromosome 1 based on the Human Feb. 2009
(GRCh37/hg19) assembly for Homo 'sapiens produced by the Genome Reference
Consortium. -
[0075] A variety of genomic analysis methods can be used in the methods of
determining whether the individual will benefit from an anti-angiogenic treatment.
Examples of such methods include sequencing analysis (next generation sequencing),
electrophoresis (gel; capillary, temperature gradient gel electrophoresis), polymerase
chain reaction (high-resolution melting analysis), mass spectrometry, single strand
conformation polymorphism (SSCP), electrochemical analysis (using ferrocenyl
naphthalene diimide), high performance liquid chromatography (HPLC) ‘(denaturing
HPLC), enzyme analysis (restriction fragment length polymorphism (RFLP), flap
endonuclease, primer extension, 5'-nuclease, oligonucleotide ligation), hybridization
analysis (dynamic allele-specific hybridization, allele-specific oligonucleotide (aso)
analysis, molecular beacons, microarrays (SNP microarrays), mismatch bindiﬁg
proteins or a combination thereof.
[0076] The method of determining whether an individual in need thereof will
benefit from anti-angiogenesis treatment can further comprise comparing the detection

of the at least one allele at position 26 of SEQ ID NO: 38 from the individual to a
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control. Any suitable control can be used including the allele that is present in one or
more individuals that respond to anti-angiogenesis treatment, do not respond to anti-
angiogenesis treatment or a combination thereof.
[0077] - The method of determining whether an individual will benefit from an anti-
angiogenesis treatment can further comprise obtaining a samplé (a biological sample)
from the individual. The sample can be obtained from a biological fluid, a- biological
tissue or a combination thereof. 'Examples of biological samples for use in the methods
include biological fluids (e.g., blood, serum urine, amniotic ﬂ{lid malighant ascites,
bronchoalveolar lavage fluid, synovial fluid, breast milk) and blologlcal tissue (e.g.,

~ organ tissue, tumor tissue) and the like.
[0078] The method of determining whether an individual will benefit from an anti-
angiogenesis treatment can further comprise treating the individua14having at least one
allele that is a G at position 26 of SEQ ID NO: 38 with an ariti—angiogenic treatment. A
Variety of anti-angiogenic treatments are known to those of skill in the art and include
inhibiting vascular endothelial growth factor (VEGF), VEGF receptor-2 (VEGFR),
platelet derived growth factor (PDGF), Tie-1 receptor (Tie-1R), Tie-2 receptor (Tie-
2R), placental growth factor (PIGF) or a combination thereof.
[0079]  As used herein an “individual” refers to an animal, and in a particular aspect,
a mammal. Examples of mammals include primates, a canine, a feline, a rodent, and the
like. Specific examples include humans, dogs, cats, horses, cows, sheep, goats, rabbits,
guiheé pigs, rats.and mice.
[0080]  The term “individual in need thereof” refers to an individual who is inneed
of treatment or prophylaxis as determined by a researcher, veterinarian, medical doctor
or other clinician. In one embodiment, an individual in need thereof is a mammal, such
as a human.. o 7 .
[0081] The need or desire fér administration accordiﬁg to the methods of the present
invention is determined via the use éf well-known risk factors. The effective amount of
a (one or more) particular agent (e.g., composition) is determined, in the final analysis,

by the physician in charge of the case, but depends on factors such as the exact
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condition and/or disease to be treated, the severity of the condition and/or disease from
which the patient suffers, the chosen route of administration, other drugs and treatments
which the patient may concomitanﬂy require, and other factors in the physician’s
judgment.
[0082]  An effective amount of an agent that modulates WARS?2 is administered to
an individual in need thereof. As used herein, “effective amount” or “therapeutically
effective amount” means an amount of the active composition that will elicit the desired
biological or medical response in a tissue, system, subject, or human, which includes
alleviation of the symptoms, in whole or in part, of the condition and/or disease being
treated. '
[0083] The composition can be administered in a single dose (e.g., in a day) or in
multiple doses. In addition, the composition can be administered in one or more days
(e.g., over.several consecutive days or non-consecutive days).
[0084] Nucleic acids that modulate WARS?2 expression and/or WARS?2 activity can
be delivered to cells, both in vitro and in vivo, by a variety of methods known to those
of skill in the art, including direct cbntact with cells (e.g., "naked" siRNA) or by in
combination with one or more agents that facilitate targeting or delivery into cells. Such
agents and methods include lipoplexes, liposomes, iontophoresis, hydrogels,
cyclodextrins, nanoc'apsules, micro- and nanospheres and proteinaceous vectors (e.g.,
Bioconjugate Chem. (1999) 10:1068-1074 and WO 00/53722). The nucleic acid/vehicle
combination may be locally delivered in vivo by direct injection or by uée of an infusion

- pump. The nucleic acids can be delivered in vivo by various meaﬁs including
intravenous, subcutaneous, intramuscular or intradermal injection or inhalation.

~ [0085] The use of a composition comprising surface-modified lipo'somes containihg
poly__ (etﬁylene glycol) lipids (PEG—modiﬁed, or long-circui‘ating liposomes or stealth
liposdmes) are also well known. These formulations offer a method for increasing
stability of a liposome or lipoplex solutions by preventing their aggregation and fusion. -
The formulations also have the added benefit in vivo of resisting opsonization and

elimination by the mononuclear phagocytic system (MPS or RES), thereby enabling
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longer blood circulation timés and enhanced tissue exposure for the encapsulated drug.
Such liposomes have also been shown to accumulate selectively in tumoré (Lasic et al.,
' Science 1995, 267, 1275-1276; Oku et al., 1995, Biochim. Biophys. Acta, 1238, 86-90).
The long-circulating liposomes enhance the pharmacokinetics and pharmacodynamics
of DNA and RNA. Long-circulating liposomes also protect the siRNA from nuclease
degradation. | '
[0086]  The nucleic acid agents that modulate expression of WARS2 and/or WARS?2
activity may be formulated as pharmaceutical compositions. The phanhaceutical
compositions may be used as medicaments or as diagnostic agents, alone or in
combination with other agents. For example, one or more siRNAs of the invention can
be combined with a delivery vehicle (e.g., liposomes) and excipients, such as carriers,
diluents. Methods of lipid-mediated delivery of nucleic acids are well known (see, e.g.,
U.S. Patent Application No. 20150017091). Other agents such as preservatives and
stabilizers can also be added. Methods for the delivery of nucleic acid molecules are
known in the art and descﬁbed, e.g., in Akhtar et al., 1992, Trends Cell Bio., 2, 139;
Delivery Strategiés for Antisense Oligonucleotide Therapeutics, ed. Akhtar, 1995,
Maurer et al., 1999, Mol. Memb. Biol., 16, 129-140; Hofland and Huang, 1999, Handb.
Exp. Pharmacol., 137, 165-192; and Lee ef al., 2000, ACS Symp. Ser., 752, 184-192,
U.S. Pat. No. 6,395,713 and PCT WO 94/02595. The nucleic acids can also be
administered in combinatién with other therapeutic compounds, either administrated
separately or simultanéously, e.g., as a combined unit dose. In one embodiment, the
invention includes a pharmaceutical composition comprising one or more nucleic acid
(e.g., siRNA) according to the present invention in a physiologically/pharmaceutically
acceptable'eXcipient, s_uch as a stabilizer, preservative, diluent, buffer, and the like.
[0087] The pharmaceutical composition comprising an agent that modulates WARS?2
expression and/or WARS2 activity can be formulated with a p}i.j}siologically acceptable
carrier or excipient to prepare a pharmaceutical composition. The carrier and

composition can be sterile. The formulation should suit the mode of administration.
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[0088] Suitable pharmaceutically acceptable carriers include but are not limited to
water, salt solutions (e.g., NaCl), saline, buffered saline, alcohols, glycerol, ethanol,
gum arabic, vegetable oils, benzyl alcohols, polyethylene glycols, gelatin, carbohydrates
such as lactose, amYlose or starch, dextrose, magnesium stearate, tal_c, silicic acid,
viscous paraffin, perfume oil, fatty acid esters, hydroxymethylcellulose, polyvinyl
pyrolidone, efc., as well as combinations thereof. The pharmaceutical preparations can,
if desired, be mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, |
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring,
flavoring and/or aromatic substances and the like that do not deleteriously react with the
active compounds. .

[0089] - The composition, if desired, can also contain minor amounts of wetting or
emulsifying agents, or pH buffering égents. The composition can be a liquid solution,
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder.
The composition can be formulated as a suppository, with traditional binders and
carriers such as triglycerides. Oral formulation can include standard carriers such as
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, polyvinyl
pyrrolidone, sodium saccharine, cellﬁlose, magnesium carbonate, étc.

[0090]  The agents that modulate WARS2 expression and/or WARS?2 activity can
also be administered as part of a combinatorial therapy with other compounds (e.g.,
vascular endothelial growth factor (VEGF); an inhibitor of VEGF such as WARS,
VEGEF receptor-2 (VEGFR), platelet derived growth factor (PDGF), Tie-1 receptor
(Tie-1R), Tie-2 receptor (Tie-2R), YARS1 (mini Yars1) (Ewalt and Schimmel,
Biochem, 41(45): 13344-13349 (2002)); placental growth factor (PIGF) or a
combination thereof). ' '

[0091] - The agent can be formulated in accordance with the routine procedures as a
pharmaceutical composition adapted for administration to human beings. For example,
compositions for intravenous administration typically are solutions in sterile isotonic
aqueous buffer. Where hecessary, the composition may also include a solubilizing

agent and a local anesthetic to case- pain at the site of the injection. Generally, the
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ingredients are supplied either separately or mixed together in unit dosage form, for
example, as a dry lyophilized powder or water free concentrate in a hermetically sealed
container such as an ampule or sachet indicating the quantity of active compound.
Where the composition is to be administered by infusion, it can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water, saline or dextrose/water.
Where the composition is administered by injection, an ampule of sterile water for
injection or saline can be pi‘ovided so that the ingredients may be mixed prior to
administration.
[0092] The compounds are administered in a therapeutically effective amount. The
amount of compounds that will be therapeutically effective in the treatment of a
particular disorder or condition will depend on the nature of the disorder or condition,

~ and can be determined by standard clinical techniques. In addition, in vitro or ih vivo
assays may optionally be employed to help identify optimal dosage ranges.- The precise
dose to be employed in the formulatioh will also depend on the route of administration,
and the seriousness of the symptoms of an angiogenic disease, a vascular disease, a
heart disease, or a circulatory disease, and should be decided according to the judgment
of a practitioner and each patient's circumstances, Effective doses may be extrapolated
from dose-response curves derived from in vitro or animal model test systems.
[0093] In another aspect, the invention is directed to a method of identifying an
agent that modulates WARS expression and/or WARS activity} The method comprises
determining WARS expression and/or'WA;RS activity from one or more EVs (e.g.,
exosomes) obtained from a cell, tissue and/or organism that has been contacted with an
agent to be assessed; and comparing the WARS expression and/or WARS activity to a

~ control, wherein if the WARS expression and/or WARS activity is altered in the |
presence of the agent compared to the control, then the agent modulates WARS

- expression and/or activity. The method can further comprise contacting the céll, tissue
and/or organism with the agent to be assessed. The method can also further comprise
obtaining the one or more EVs from the cell, tissue and/or organism that has been

contacted with an agent to be assessed.
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[0094] In a particular aspect, the invention is directed to a method of identifying an
agent that modulates WARS expression and/or activity comprising contacting a (one or -
more) cell, a tissue and/or an organism (that comprises one or more EVs such as
exosomes) with an agent to be assessed; obtaining one or more EVs from the cell, tissue
and/or an organism after contact with the agent; determining the WARS expression
and/or activity in the one or more EVs obtained from the cell, tissue ahd/of organism
after contact with the agent; and comparing the WARS expression and/or activity to a
control. If the WARS expression and/or activity is altered in the presence of the agent
compared to the control, then the agent modulates WARS expression and/or activity.
[0095]  Determination of an EV’s WARS expression includes determining the

~ amount of WARS expressed within, or secreted from the EV. Determination of an
EV’s WARS activity includes determining whetherA WARS is secreted from the EV and
whether, or the extent to which, WARS interacts with (e.g., binds to; associates with)
WARS2, | |
[0096] In s;)me aspects, the EV's WARS expression and/or activity is decreased
aftef contact with the agent compared to the control. In other aspects, the EV's WARS
expression and/or activity is increased after contact with the agént compared to the
control. ‘ |
[0097] As will be apparent to those of skill in the art, a variety of controls can be
used in the methods of the invention. An example of a suitable control is the WARS

~expression and/or activity in one or more EVs obtained from a cell, tissue and/or

organism that is not contacted with the agent.
[0098] In some aspects, the cell, tissue and/or organism contacted with the agent to
be assessed can be from the same individual. In other aspects, the cell tissue and/or _
organismv can be from different individuals of the same species. In yét other aspects, the

cell, tissue and/or organism can be from different species.

[0099] EXEMPLIFICATION
[00100] Example 1
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[00101]  Identification of WARS2 as a novel gene for coronary flow and capillary
density

[00102] Methods
[00103] Rat Parental strains °
[00104] Four parental Strains were studied: Spontaneously hypertensive rat (SHR)
was included as a hypertensive strain whereas Brown Norway (BN), Wistar Kyoto
(WKY) and Lewis were included as normotensive control strains. 12 to 14 weeks old
male rats were phenotyped at a rate of two animals/day. All rats were purchased from
Charles River UK Limited (Margate, UK). ‘
[00105] BN-SHR F2 population
[00106] - Rats were bred by a monogamous mating system. BN females were crossed
with SHR males to produce BN X SHR (BXH) F1 animals and a reciprocal cross was
performed to obtain SHR x BN (HXB) animals. F1 BXH animals were intercrossed to
produce F2 BXH animals and F1 HXB animals were intercrossed to produce an F2

"HXB anirhals. Animals were maintained at the Central Biomedical Services facility,
Imperial College, London and housed at a méximum of five per cage. The animals had
ad libitum access to standard rat chow and sterile water. EXcept for breeding purposes,
animals were separated according to sex. They were maintained on twelve hour diurnal
cycles by automatic light switching. Colonies were regularly tested for specific
pathogens by using/séntinels kept in separate cages. All proc_edui‘es were performed in
accordance with the UK Animals (Scientific Procedures) Act of 1986.
[00107] Blood pressure (BP)
[00108] BP was measured using cannulation of the carotid artery in eaéh animal

~ before cardiac excision for ex vivo phenotyping. An ultra-miniature 2 mm pressure
catheter (MPVS-Ultra' Single Segment Foundation System, ADI instruments) was used.
The pressure catheter Was calibrated against an external manometer before
measurement. Animals were then anaesthetized using inhaled 4% Isoflurane. The
carotid region was exposed, an arteriotomy was performed and the catheter was put into

place. Data was then captured continuously by LabchartPro software (ADI instruments)
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‘and analyzed off line. After carotid cannulation the concentration of inhaled Isoflurane
was gradually feduced from 4% to 1.5% to allow the BP to reach physiological level. -
After recofding the BP data, pressure catheter was withdrawn from the vessel which
was then tied off prior to CF measurement. '
[00109] Coronary flow (CF) 7

[00110] CF was measured using a Langendorff preparation. Following excision, the
heart was immediately placed in ice-cold Kreb’s buffer and transferred to the ex vivo

" perfusion apparatus. Aorta was clamped onto the cannula by a bulldog clamp and
secured using 3/0 silk. Heart was perfused with a modified Krebs-Henseleit buffer
solution, prepared as suggested by Sutherland and Hearse. This solution was kept at
37°C in a jacketed reservoir and continuously gassed with carbogen solution (95%
Oxygen, 5% CO,) to maintain a pH of 7.35 - 7.45. Perfusion was established within no
more than three minutes following cardiac excision. Left atrium (LA) was removed and
a fluid-filled latex balloon was placed in the left ventricular (LV) cavity. LV
contractility (LV dP/dtmax) and LV relaxation (dP/dtmin) were derived from LV
pressure. A co-axial bipolar electrode was placed on the right atrium and pacing was
commenced at 360 beats per minute. Electrodes were placed on the right atrium and left
ventricle to réc()rd continuous electrocardiogram. The whole preparation was kept
inside a 37°C maintained container. The perfusate was pumped at constant volume to
the heart a 90 mmHg petfusion pressure. CF was measured by an inline ultrasonic
flowmeter placed in an assembly proximal to the cardiac chamber, with an air bubble
trap that prevented cardiac -air embolism. Hemodynamic data was captured continuously
by LabchartPro software (ADI instruments) and analyzed off line after the experiment.
The isolated heart preparatioh was studied at bas‘eline for 15 mjnutes. This was followed
by transient one minute global ischemia and reperfusion, to assess maximum
hyperemia. Myocardial infarction was subsequently induced by ligation of the proximal :
LAD for 35 minutes and followed by reperfusib_n for an hour. Cardiac eluates were
| collected during baseline, and first 10 minutes of reperfusion for measurement of

metabolites levels.
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[00111]  Gene Expression data
[00112] For a subset of the F2 rats, Non-ischemic L.Vs from the F2 rats were isolated
after CF measurements, and stored at -80°C for gene expression analysis. Total of 118
.RNA samples were processed in batches of twelve using Maxwell 16 system RNA
purification kits (Southampton Science Park, Soutﬁampton, UK). In each sample, 200
uL of lysate was added for each 25 ug of tissue and the sample was hdmogenizea until
no solid sample was visible. 200 pL of the sample-lysate were then diluted in 400 pL of
RNA dilution buffer and vortexed to ensure complete dissolution. 50 pL of clearing
agent was added to sample-lysate to bind DNA at 70°C. The clearing agent - sample
mix was then cooled and centrifuged at 12,000 rpm for two minutes. The bottom phase
was placed in the Maxwell robot, resulting_' in a final 40 pL. RNA sample in RNAase-
free water. RNA purity was then assessed using NanoDrop. RNA integrity was
evaluated usihg Agilent 2100 Bioanalyzer platform and samples with RNA integrity
number < 8 were discarded. ' '
[00113] Expression was measured using Affymetrix Rat GeneChip 1.0 ST. Raw
probe intensity was fhen background-corrected by subtracting the average of
background probes with identical GC content. A VSN normalization step (Huber ef al.)
was then applied to the data and probesets expression of each transcript wefe
summarized using median-polish.
[00114] Genotype data ,
[00115] DNA from the F2 population was extracted from the samples of tail tissue
using robotic DNA extraction on the Maxwell 16 system. The quantify and quality of
DNA was assessed using NanoDropTM and Invitrogen’s Quant-it assays. High
throughput genotyping was performed using Illumina’s GolgenGate assay on a custom
genotyping beadchip. 16,543 BN-SHR SNPS were dbtained from the STAR consortium
- (http://rgd.mew.edu/) and the surrounding 160 bp seqﬁence for each SNP were retrieved |
based on SHR éenome sequence (Atanur ef al., Genome Res, 20:791-803 (2010). SNPs
and their surrounding sequence were submitted to Illumina for bioinformatic

assessment, and attributed a-quality score. 768 SNPs, uniformly distributed on the
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genome and with a quality score of 0.95 or more were then selected to constitute the
beadchip. Following hybridization and imaging, genotypes were called using the
GenomeStudio software, and the GenCall algorithm. Parental and F1 samples were
added to the F2 samples as controls of genotyping quality (Parent-Parent-Child errors/
P-P-C); sample replicates were also placed on the BeadChips to estimate reproducibility
errors. SNPs with bad cluster separation, reduced mean normalized intensity (R<0.2),
or low MAF (MAF<0.1) were excluded. SNP showing significant deviation from Hardy
Weinberg equilibrium (P<10-3) were also excluded. After genotype filtering, P-P-C
accuracy was ~ 97% and replication error rate was evaluated to be ~ 0.01%. The overall
call rate was of 93%. Missing genotypes were imputed using fastPhase with defaults
settings, and two founder haplotypes. |
[00116] Coronary Flow mapping
[00117] Coronary Flow QTLs were mapped using the matlab implementation of
HESS. All 6 coronary flow phenotypes (mean and maximum, 3 time points), were
included in the model as dependent variables. Markers in high LD (12>XX) were
removed prior to analysis and SNP genotypes were used as regressors in the modei. |
Default parameters were used for Hierarchical Evolutionary Stbchastic Search (HESS).
A marginal posterior probability of 0.8 was required to identify 'genetic regulation of the
phenotype by a SNP. The correspbnding haplotype was obtained, by taking the range
between the two markers surrouhding the marker selected by HESS.
[00118] eQTL mapping
[00119] QTL wete mapped using the ESS++ program. Three mRNA expression
levels measured by microarray in the F2 were included in the model as debenderit 7

. variables and genotypes were used as regressors. A
[00120]  Results .
[00121] The presént study idéntiﬁed WARS?2 as a novel gene for coronary flow and
capillary density. The genetic control of coronary flow is unknown. Described herein is

the study of this in a large F2 intercross experiment in the rat using approaches similar
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to those described in McDermott-Roe ef al., Nature, 478:114-118 (2011); Petretto, et
al., Nat Genet, 40:546-552 (2008). '
[00122]  Coronary flow was measured at three time points in a Brown Norway-
Spontaneously Hypertensive rat (BN;SHR) F2 population of 172 rats using Langendorff
preparation. The effect of widely accepted determinants of coronary flow in the rat '
popﬁlation was studied. While a strong effect of left ventricle relaxation pressure
((dp/dt)min ) on coronary flow (r=-0.34, p=4.6x10®) was found, no effect of systolic or
diastolic blood pressure was observed (p=0.19 and p=0.36, respectively) suggesting -
blood pressure independent mechanisms regulating coronary flow in the rat population.
[00123] Maximum and mean coronary flow was mapped at three different time
points using HESS (Bottolo et al., Genetics, 189:1449-1459 (2011). HESS models
multiple phenotypes jointly by taking advantage of the correlation structure between
these phenotypes.
[00124] A strong and consistent association of coronary flow measured at basal level,
post ischemia and infarction with a single locus located on rat chromosome 2q34 was
observed (as shown in FIG. 1). The upper bound of the haplotype limits was derived
from the position of the two neighboring markers, indicating that the causal genetic
vériants can be located between 189.3 and 194.5 Mb. |
[00125] RNA-seq analysis in left ventricle tissues from BN and SHR identified 42
expresséd genes in the region and three of these had a significant eQTL (FIG. 1). Two
genes, Wars2 and Cathepsin-S, were found to have non-synonymous variations.
Cathepsin-S had variation at a partially conserved protein site and is lowly expressed in
. the heart. Wars2 on the other hand is a mitochondrial amino acyl tRNA synthetase
(aARS) that is expressed highly in the heart and is nuclear encoded and mitochondrial
localized; it transfers tryptophan to its cognate tRNA. | _
[00126] A number of aARS (tyrosine ARS (YARS), serine ARS (SARS), cytoplasmic
tryptophan ARS (WARS)) have acquired non-canonical roles in vasculogenesis during

evolution and cleavage products of WARS have been shown to inhibit VEGF signaling.
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Wars2 was therefore prioritized as the candidate gene controlling coronary flow at the
2q34 locus in the rat. ' 4

[00127]  The resistance of the small capillary vessels largely controls blood flow in
the heart. The capillary density at the locus in the F2 intercross animals conditioned on
genotype and in the intercross was examined and a significant effect of the locus (P =
1.3x 10™%) was found (see FIG. 2). |

[00128] Example 2
[00129] Characterization of WARS?2 and its interaction with WARS
[00130] Materials and Methods .
[00131] The anti-L13a and annexin A were from Cell Signalling. Alexa-488/568
goat anti-mouse/rabbit IgG were from Molecular Probes. Anti-VEGF and GAPDH were
from Santa Cruz and all other antibodies were from Abcam. The polyclonal anti-
WARS?2 rabbit antiserum waé obtained after the immunization of rabbits with either the
KMS KSD PDK LAT VC (SEQ ID NO: 15) or CIL’ TSM KKV KSL RDP S (SEQ ID
NO: 16) peptides. They were produced and chromatography purified using
corresponding peptide by Eurogentec (England). The L53F mutant WARS2 ¢cDNA was
created using Quikchange II Site-Directed Mutagenesis Kit (Stratagene) according to
the manufacturer"s instruction using plasmid construct containing human WARS?2
cDNA with C-terminal myc-DDK or GFP (Origene) as template. L53F was verified by

- nucleotide sequencing. The adenoviruses (Ad-GFP, Ad—WARS2) Weré purchased from
SignaGen Laboratories. Human WARS cDNA was synthesised from RNA extracted
from human HUVEC cells and the coding region was PCR-amplified using' primers

- containing EcoRI and Kosac sequence in the forward primer and flag sequence and
XbaI in the reverse primer. After verifying sequence, WARS was cloned into pLVX-
EF 1a-IRES-Puro (Clontec).
[00132] Cell culture, transfection and adenoviral transduction
[00133] Human embryonic kidney (HEK) 293 cells were maintained in DMEM
sﬁpplemented with 10% foetal calf serum and 100U/ml peniéillin and 100pg/ml
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streptomycin. Human umbilical vein endothelial (HUVEC) cells and medium (EBM-
and EBM-'Z single Quats) were purchased from Lonza and used prior to passage 7. For
plasmid transfections (for HEK293), cells were seeded a day before at 70% confluence
and lipofectamine 200 (InvitroGene) transfection reagents were used according to the
company’s instruction. For HUVEC transfection, Polyplus jetPEI-HUVEC transfection
reagent (POLYPLUS-TRAN SFECTION Inc. New York) was used according to the
company’s instruction. For gene transfer, HUVEC were grown to 80% confluence in 6-
well plates or T75 flasks. Transduction of cells was performed with a multiplicity of
infection (MOI) of 200 plaque-forming units (pfu) in a total volume of 1ml (6-well
plates) or 10 ml (T75 flasks) in HUVEC growth medium. 24 h after infection cells were
incubated in medium containing 1%FBS for 1h and then supplemented with 500U/ml of
human recombinant IFN (R&D Systems) for an additional 24h before being processed
for analysis. |
[00134] GST fusion proteins for enzyme assays

[00135] WARS2 and WARS2(L53F) cDNAs were cloned into commercial vectors
(see table) and expressed using IPTG induction and GSH-bead based purification usiﬁg
standard procedures. Purified proteins were quantified using standard malachite green
assays (Cayman chemicals). |

[00136] RNA extraction from cultured cells

[00137] Total RNA was extracted using Fhe RNeasy Mini kit (Qiagen) according to
the manufacturer’s instructions. vBrieﬂy, cells were lysed into 350ul RLT buffer and
applied to Sheddef column (Qiagen) and spin for 1 min at 14,000rpm. The lysates were
mixed with an equal volume of 70% ethanol and applied to an RNeasy column, which
was then centrifuged and washed using the supplied RW1 and RPE buffers. Finally,
total RNA was eluted in a volume of 30 ul RNase-free water and quantified by
measuring absorbance at 260nm using a Nanodrop 1000 (Thermo Fisher Scientific).
RNA was stored at -80°C until required.

[00138] Quantitative real time PCR (QPCR) analysis and WARS splicing PCR
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[00139] Total RNA (1pg) was reverse transcribed using iScript First Stand cDNA
Synthesis protocol (Bio-Rad). The resulting cDNA (1ul) was subjected to QPCR in a
20l reaction using SYBR Green JumpStart Taq ReadyMix (S4438, Sigma) and run on
7900HT Fast Real-Time PCR System (Applied Biosystems). Three ihdependent 6-well
cultures ﬁer siRNA treatment were used in each of at least three independent

experiménts and each sample was run in duplicate. All data were analyzed using the 2-

AACT method.

[00140] Table 1. Primer sequences

Transcript Forward primer Reverse primer

"28S(HUMAN) TTAGTGACGCGCATGAATGG TGTGGTTTCGCTGGATAGTAGGT

(SEQIDNO: 17) (SEQ ID NO: 18)
WARS AGCTCAACTGCCCAGCGTGACC CAGTCAGCCTTGAATCCTCCCC
(HUMAN) (SEQ ID NO: 19) (SEQ ID NO: 20)
WARS2 =  CTTCTTGCCTGTGGCATAAAC  CTTCCACTGATGTAAATGTTGT
(HUMAN) (SEQ ID NO: 21) (SEQ ID NO: 22)
VEGF AGCTACTGCCATCCAATCGC  GGGCGAATCCAATTCCAAGAG
(HUMAN) (SEQ ID NO: 23) (SEQ ID NO: 24)

[00141]  For detecting WARS splicing variants, 1pl of cDNA for WARS and 1/20
diluted cDNA for 28S were used in 50ul PCR reaction and 24 cycles were used
(determined according to the melting curve in QPCR).
[00142] Proteln extraction and Western blottlng

. [00143]  Cells were lysed in cell lysis buffer (9803, Cell Slgnahng) contalnmg
protease inhibitor (Sigma) and phosphatase inhibitor (Halt Phosphase inhibitor Cocktail,
Thermo Scientific) and PMSF (0.5 mM Active Motif). Cell lysate was then briefly
sonicated and centrifuged for 10 minutes at 14,000g (4°C). Supernatants were retained
and protein concentrations were determined usirig the bicinchoninic acid ’éssay with
bovine serum albumin standards. Protein samples (20 ug) were separated on 10% or
.13% SDS-polyacrylamide gels, transferred to nitrocellulose membranes, and probed

with antibodies as described in the figure legends. Immunoreactive bands were
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visualized with a horseradish peroxidase-conjugated secondary antibody using Peroxide

~ and LumiGlo reagénts (Cell Signaling).
[00144] siRNA-mediated WARS2 knockdown
[00145] HUVEC cells were seeded in 6-well plates. After 24h, cells were transfected
using DharmaFECT-1 (Thermo Scientific) with WARS2-targeting ON-TARGETplus
SMARTpool according to the manufacturer’s instructions. For a given transfection,
24pl DharmaFECT]1 and 476pl opti-MEM (Invitrogen) were mixed in one tube whilst
5ul of the above WARS2-targeting or scrambled control siRNA (20uM) was mixed with
490ul opti-MEM in a second tube. After 5 minutes incubation at room temperature, the
aforesaid solutions were mixed and left at room temperature for a further 20 minutes
before adding to the cells. The final siRNA concentration was 25nM. Knockdown
efficacy was assessed via QPCR 2 days post-transfection and was found to be at least
85%. The knockdown efficacy could not be determined by western blot since no
antibody against WARS2 can detect enddgenous WARS2, although two anti-WARS2
antibodies we made can detect WARS2 in Iysétes from cells expressing WARS2-flag.
[00146] Immunofluorescence
[00147] Cells were seeded onto sterilized coverslips at approximately 80%
confluence. For immunofluorescence analysis, cells were fixed in 3% (w/v)
paraformaldehyde for 15 minutes at room temperature, and permeabilised in phosphate
buffered saline (PBS) containing 0.3% TritonX100 for 4 minutes and blocked in PBS
containihg 1% (w/v) bovine serum élbumin (BSA). Cells were incubated with primary
antibodiés"for 1h (diluted 1/40-100) and then with Alexa 488/568 -conjugated goat anti-
mouse/rabbit IgG (highly cross-absorbed; diluted 1/100) for 1h, both at ambient
temperature. Coverslips were mounted on slides with Vectashield anti-fade mounting .
medium containing DAPI (Vector Labof;cltories Tnc.). Cells were viewed on a Leica
confocal microscope using the 60x oil objective and the iméges analysed using Leica
confocal software (Leica Microsystems (UK) Ltd, Milton Keynes, UK).

- [00148]  Preparation of L53F and wild-type WARS2 and WARS lentivirus
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[00149] The cDNAs for WARS2 (WT and L53F) tagged with flag or GFP or WARS-
flag were subcloned into either pL.VX-EF1 alpha-IRES-zs Green (cat no 631982,
Clontec) or pLVX-EFl alpha-IRES-mCherry (cat no 631987 Clontec) or pLVX-EF1
alpha-IRES-Puro vectors (cat no 632183, Clontec) using EcoRI/Xbal sites. The specific
viruses were produced using Lenti-X HTX packaging System (631247) in Lenﬁ-X
293T cells according to the manufacturer’s protocol (Clontec).
[00150] Primers for generating Wars cDNA
F: gggaattcgeccgeegegatcgc CAAAGGATGAAATTGATTCTGCAGT (SEQ ID NO: 25)
(EcoRI, Kosac)
R: GctctagattacttatcgtcgtcatccttgtaatcCTGAAAGTCGAAGGACAGCTT (SEQ ID NO:
26) (Xbal, flag). |
[00151] Primers for generating Wars2-FLAG
Forward: GGGAATTCGTCGACTGGATCC (SEQ ID NO: 27)
Reverse: GetcagaGCCGGCCGTTTAAACCTTATCG (SEQ ID NO: 28) (Xbal)
[00152] Primers for generating Wars2-GFP

- Forward: GGGAATTCGTCGACTGGATCC (SEQ ID NO: 29)
Reverse: 5'—GthtagaGCCGGCCGTTTAAACTCTTTCT—3' (SEQ ID NO: 30) (Xbal)
[00153] Mitochondrial fractionation and exosome secretion
[00154] To separate cytosol and mitochondria, Mitochondrial Fractionation Kit
(Active Motif) was used according to the instruction manual. The purity of
mitochondria and cytosolic fractions was verified using antibodies to the mitochondrial
protein Complex I (Mitoscience) or to soluble cytosol protein tubulin (Sigma). Exosome
collections were generated from HUVEC lysates using the kit (Invitrogen, 4478359)
according to fhé manufacturer’s instructions.
[00155] Ini'munoprecipitatioﬁlfar‘ld Mass Spectrométry
[00156] For immunoprecipitation, cell lysates were prepared in lysis buffer (cell
signaling) containing protease inhibitor and phosphatase inhibitor (Halt Phosphase
inhibitor Cocktail, Thermo Scientific) and PMSF (0.5 mM). Anti-FLAG M2 Affinity
Gel (Sigma) was used for purifying Wars2 flag tagged protein, accordirig to the
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company’s protocol. Before elution, protein-beads were washed with 0.5% NP40 in
PBS, then three times in 50 mM ammonium bicarbonate and bound proteins were eluted
in 200 pg/mL FLAG peptide (3xflag peptide, Sigma) in S0OmM ammonium bicarbonate.
Mass spectrometty was carried, using a full qualitative plus quantitative analysis of total
solution digest method.
[00157] Results
[00158] WARS2 and WARS2(L53F) localize to mitochondria in HEK cells
[00159] WARS?2 is a nuclear encoded, mitochondrial localized aARS. The
localization of human WARS2 and mutated human WARS2(L53F), which has the
identical amino acid change as in the rat, was examined. Both mutant and wildtype
localized to the mitochondria (shown herein in FIG. 3).
[00160] WARS?2 binds to WARS but mutant WARS2(L53F) does not
[00161] aARS can form higher order oligomerisations with themselves and each
other, that affect their function. Whether WARS2 bound to its cytosolic counterpart
WARS, which has known anti-angiogenic fuhctions,-was tested, WARS2 was found to
bind to WARS in HUVEC cells. The effect was diminished by the L53F mutation (as
seen in FIG. 4). \
[00162] WARS?2 expression influences WARS secretion, an effect medfated ata
protein level _
[00163] WARS fragments have anti-angiogenic activity by binding to VE-Cadherin.
The regulation of WARS secretion is unclear. WARS2 overexpression inhibited
WARS secretion, whereas WARS2 gene silencing increased WARS secretion. This
effect was mediated at the protein level and was not found to be related to splicing or
transcriptional effects. ‘
' [00164] 'HUVEC cells wére cultured and either infected.with adenovirus encoding

WARS? or transfected with siRNA against WARS?2. Control virus and siRNAs were
‘used in all ,experiménts. As compared to control, WARS2 gain of function decreased
WARS secretion. As compafed to control, WARS2 loss of function increased WARS

. secretion (see FIG. 5). Taken tqgethef, these data show that WARS2 modulates WARS
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secretion that will have downstream effects on angiogenesis. While it is known that
WARS transcription is increased by IFN-gamma stimulation and that there is alternate
splicing of WARS, no effect of WARS2 on these events was shown herein (see FIG. 6A).
Hence, the effects of WARS2 on WARS are at the protein level. '
[00165) Cellular localization of WARS and WARS? interaction
[00166] WARS is primarily a cytosolic protein but a component of WARS is
mitochondrial-localized, and this sub-pool is increased following interferon (IFN)-
gamma stimulation in HUVEC.
[00167] An interaction between WARS and WARS2 was demonstrated herein. In
sub-cellular fractionation experiments, WARS was detected in the mitochondria and
this sub-pool increased on IFN-gamma stimulation. Hence, the protein-protein
interaction is expected to occur in a mitochondrial fraction, and this mitochondrial
fraction is likely to play a role in the secretion of WARS from the cell (refer to FIG.
6B).
[00168]  WARS? interacts with components of the GAIT corhplex
[00169] To gain further insights into the protein-protein interactions of WARS?2,
mass spectrometry (M‘S) was performed. In the experiments herein, the MS data
indicated an interaction of WARS2 with EPRS (é.n aARS), GAPDH and RPL14a. These
~ proteins define, together with NSAP1, the GAIT complex that is important for
controlling the protein expreséion of VEGF and inflammatory genes through binding to
the 3’UTRs of target genes. ' _
[00170] MS data alone are inconclusive as many interactions are identified in this
type of experirhent and downstream validation is required. To validate the interactions,
co-IP experiments were performed with WARS2 and the WARS2(L53F) mutant.
Interaction of WARS?2 (but not the L53F mutant) with EPRS, GAPDH and RPL14a was
documented (as shown in FIG. 7). '
[00171] Furthermore, as shown herein, over-expression of WARS? caused dramatic
loss of RPL14a by targeting it to the proteasome, an effect that could be reversed by the
proteasome inhibitor MG132 (refer to FIG. 8)
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[00172] These data show that WARS2 acts at a second level in controlling VEGF
activity, here by modulating the activity of the GAIT complex that controls the
translation of VEGF in addition to the translation of a number of cytokines and
chemokines (e.g.,, CXCL13, CCL22, CCLS, and CCR3).

[00173] WARS undergoes non-canonical secretion via an exosome/micro-vesicle
pathway ’

[00174] Previous studies have shown that WARS is secreted but the pathway of
secretion, while non-canonical, has not been characterised. The effects of brefeldin A
(an agent that inhibits golgi-mediated secretion) on WARS secretion was examined in
HUVEC cells. No effect was observed, as previously described. Further investigation
Sshowed WARS secretion was in exosomes, an effect that was inhibited by WARS2
(F1G. 9). Thié defines a novel secretion pathway for WARS in exosomes.

[00175] Example3

[00176] WARS2 loss of function in the zebrafish results in impaired angiogenesis and
impaired cardiac function

[00177] Methods »

[00178] Morpholino experiments in the zebra fish and imaging of the zebra fish
vessel formation were performed using standard approaches.

[00179] Results

[00180] To examine the in vivo effects of Wars2 on vascular genésié and the heart,
Wars2 activity was inhibited in the zebra fish using morpholinos against the first codon
of Wars2. There were marked effects on fish morphology and survival that were due to
defects in blood vessel formation and heart function that are summarized in FIGS. 10-

12.

[00181] Example 4
[00182]  siWARS2 knockdown in Human Embryonic Kidney (HEK)293 cells
[00183] Methods '
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[00184] HEK cells were seeded the day before transfection on 10cm dish. At a
density 6f ~50%, transfection was performed using RNAimax (manufacturer's

‘ protocol). siRNA was prepared by using a mixture of 120nM siRNA and 20ul
lipofectamin RNAimax in 1ml OPTIMEM. Cells were incubated, washed 1X with PBS,
and then covered with 5ml OPTIMEM and the lipofectamin/siRNA mixture added |
dropwise. Cells were incubated (6h) and media then changed to (DMEM/10%FBS).
RNA was extracted as per protocol (Qiagen). RNA quantification was assessed using
Nanodrop and the quality was determined based on OD ratio 260nm/280nm. Reverse
transcription was performed using 1ug RNA (Biorad iScriptTM ¢DNA synthesis
protocol) and QPCR performed using the QuantiFAST SYBR green protocol.
[00185] Primers for human WARS2
F - GCCACCGTCCGAATAACAGA (SEQ ID NO: '31)'
R CATGCACCGCCACTATGTTG (SEQ ID NO: 32)
[00186] Primers for human GAPDH
F GGAGTCAACGGATTTGGTCG (SEQ ID NO: 33)
R ATCGCCCCACTTGATTTTGG (SEQ ID NO: 34)
[00187] Cycling condition:
95C 5 min
95C 10sec | -
60C 30sec | 40x
95C 15sec
60C 1 min
[00188] All samples were analyzed in duplicates and the mean and standard
deviation were determined. Specificity of the a_rnpliﬁéation was determined by a
melting curve ranging from 60-95°C. Normalization to GAPDH was performed using

- the standard ddCt method. | ‘ A

[00189] The experiment was repeated' 5 times with the following results shown in
Table 2 (and in FIG. 15). J |
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Table 2. Results of siWARS2 knock down in HEK 293

- Experiment 1 2 3 4 5 | Average | Standard
) deviation
Non targeting control 1|1 1 |1 1 1 0
“SiRNA 1 0.26 | 0.13(0.180.13 | 0.14 | " 0.17 0.05
siRNA2 0.47 | 0.14 [ 0.13 [ 0.11 [ 0.09| 0.19 0.14
siRNA 3 0.43 (0220431037030 035 0.08
WARS2 siRNALT:
Sense: - 5'-GCAUUCAACCUACAGGAAU-3' (SEQ ID NO: 50)

Antisense: 5'-AUUCCUGUAGGUUGAAUGC-3' (SEQ ID NO: 51)

WARS2 siRNA2:

Sense: ~ 5-CCGACAUUCUGUUGUACAA-3' (SEQ ID NO: 52)
Antisense: 5-UUGUACAACAGAAUGUCGG-3' (SEQID NO: 53)

WARS2 siRNA3:
Sense: 5'-GCUGGACAAGGACCAUUUA-3' (SEQ ID NO: 54)
Antisense: 5UAAAUGGUCCUUGUCCAGC-3' (SEQ ID NO: 55)

These three siRNA sequence pairs target the regions of the WARS?2 sequence below,
respectively. In some aspects; the sSiRNA sequences comprise extra thymine (T) at the
3’ end of both sense and antisense strands of a siRNA pair to increase siRNA resistance
to nuclease activity inside the cells. In a particular aspect, the siRNA sense and
antisense strands comprise two T’s (TT) at the 3 end.

siRNA1 target GCATTCAACCTACAGGAAT (SEQ ID NO: 35)

siRNA2 target CCGACATTCTGTTGTACAA (SEQ ID NO: 36)

siRNA3 target GCTGGACAAGGACCATTTA (SEQ ID NO: 37)
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FIG. 14 sets out the cDNA of WARS? indicating the positions targeted by the three

- siRNAs, as described above.

[00190] Example S

[00191] WARS2 SNP that is associated with higher WARS?2 expression controls
WARS levels in human plasma |

[00192] WARS ELISA

[00193] ELISA was used to determine WARS in human plasma and compare to the
SNP genotype of WARS2 (1rs984222). WARS levels in plasma were determined using
an ELISA accerding to the manufacturer's instructions (ABIN3 66223; Antibodies-
online GmbH, Aachen, Germany). Plasma was collected from healthy volunteers,
aliquoted and stored at -70°C. 100ul of undiluted plasma was used per measurement.
The standard curve was performed in duplicate and the detection limit was determined
to be 0.078 ng/ml. ODs were read at 450 nm (with correction at 540 nm) ona -
microplate reader (uQuant; Biotek Instruments, UK)'.

[00194] WARS2 SNP assay ’

[00195] SNP ID: rs984222 was used in the WARS2 SNP assay.

[00196] Assay: Life Technologies Assay ID: C;869905 110

[00197] System used: Life Technologies Stepone plus rtPCR

[00198] Table 3. PCR conditions: '

Temp Time : Cycles
25°C 30 sec* 1
95°C 10 min 1
92°C 15 sec _
60°C 90 sec* 50
72°C 30 sec .

25°C 30 sec* - 1
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[00199] Fluorescence sequence: ,
TTCATATTCTGTCGAGACACCCATC[C/G]CCCTGTGTTTCACTTGTCTGATTA
C(SEQID NO: 38)

[00200] VIC dye C nucleotide, FAM dye G nucleotide

[00201] The present study investigated the WARS2 SNP RS984222, which has a
polymorphism of C/G transversion substitution. To investigate the ratio of this
polymorphism in a cohort of Healthy Volunteers, a pre-made assay from Life
Technologies was used (assay ID: C__ 8699051 10). This assay uses a VIC/FAM dye
mixture to determine the SNP present. This assay was run on real time PCR, using the
Life Technologies Stepone Plus, and analysed with Stepone Plus software v2.1, which
created an allelic discrimination plot to determine SNPs.

[00202] Results »

[00203] The data show that the WARS2 SNP that controls WARS2 expression also
controls WARS levels in human plasma. As shown herein, increased WARS2
expression reduced WARS secretion. Using a sandwich ELISA method (see the
Methods section, above), it was determined whether the WARS2 SNP rs984222 that is
associated with higher levels of WARS2 expression in multiple tissues (including fat)
was associated with reduced circulating levels of WARS in human plasma. This
revealed an effect of the SNP on WARS in human plasma. Individuals homozygous for
the G:G allele (high WARS? in tissues) had lower levels of WARS in human plasma as
compared to the G:C allele (intermediate WARS?2 expression in tissues) and as

compared to the C:C allele (low WARS?2 expression in tissues). See FIG. 16.

[00204] Example 6 ‘ ‘
[00205]  WARS2 expression regulates WARS secretion in exosomes
[00206] Methods '
- [00207]  Cell culture and immunocytochemistry .
[00208] Human umbilical vein endothelial cells (HUVECS; Lonza) were cultured

using EBM-2 medium (Lonza). After two passages, cells were digested with
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TrypLETM (Life Tech) and seeded into 8-well chamber slides (ibidi) at a density of
5,000 cells/cmz. At 50% confluence, adenovirus (PRECISION TECHNOLOGIES)
expressing human WARS2 or GFP was added at a multiplicity of infection of 100 (48
h). Low serum EBM-2 medium was applied and selected cells stimulated with |
interferon-gamma (500 unit/ml, 48 h). Cells were fixed with 4% Formaldehyde for 15
minutes and washed three times with PBS. Cells were treated with 0.1% Triton-100 10
minutes) and washed three times with PBS. 1% BSA in PBS was applied for blocking
(30 minutes). Primary antibody (WARS, Abcam, 1:200 in 1% BSA) was applied and
cells incubated at 4°C overnight. Cells were then washed in PBS (x3) and incubated (30
minutes) with secondary antibody (Alex Fluor conjugated, Life Tech, 1:1000). After
washing with PBS (3x), cells were incubated for 30 minutes with Phalloidin (Alex Fluor
conjugated, Life Tech, 1 to 200). Cells were then washed with PBS (x3), incubated with
DAPI (Life Tech, 1 to 1000, 5 minutes) and mounted with ProLong® Gold Antifade
(Life Tech). Images were acquired using a laser scanning microscope (LSM 710, Zeiss)
using the same settings.

[00209]  Results

[00210] Confocal imageé show that WARS was secreted in exosomes. Further,
expression of WARS?2 inhibited the secretion of these exosomes by trapping WARS in
the cells (refer to FIG. 17). HUVEC cells were infected with control virus (shown in
FIG. 17, left panel) or virus expressing WARS2 (shoWn in FIG. 17, right panel),
stimulated with interferon gamma and then stained for WARS, actin; and the nucleus. In
control cells, membrane bound exosomes/micro-vesicles containing WARS were seen
budding from the cell’s plasma membrane (arrows). In contrast, large amounts of
WARS accumulated at the plasma membrane (*), but not in exosomes, in the WARS2-

infected cells.

[00211] Example7 _
[00212]  Zinc finger nuclease disruption of WARS?2 leads to reduced blood vessel
density |
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[00213] Methods
[00214] Disruption of Wars2 in the rat
[00215] The BN rat Wars2 locus was targeted in the terminal region of the first exon
with zinc finger nucleases (ZFN) against the ZFN Target site:
ACCCACAGCTACTGngctcCCCAGGTAACCCGAG (SEQID NO 39) (Sage

~ laboratories, PA, USA). Gene disruption was screened by sequencing and an 8bp |
deletion identified in exon 1 at the ZFN target site. This resulted in a frame shift after
amino acid 27 of Wars2 protein and a premature stop in exon 2 after amino acid 53 of
Wars2. |
[00216] Genotyping of mutant strains
[00217] Genomic DNA was extracted from toe clip samples using E.Z.N.A Tissue
DNA kit (OMEGA bi_o-tek) according to manufacturer’s protocol. Following
purification, PCR was performed on each sample consisting of JﬁmpStart Taq
ReadyMix (Sigma) and 1uM of the following primers:
(1) 5’- GTGAGTGCTGGCGCTTCATC (SEQ ID NO: 40) and
(ii) 5’- GGCCTAAAGCAGAAGGTCGG (SEQ ID NO: 41).
PCR cycling conditions: (i) 95°C for 5 min; (ii) 95°C for 30 s; (iii) 65°C for 30 s; (iv)
72°C for 30 s; (v) repeat cycles 2 to 4 for 30 times; (vi) 72°C for 5 min; (vii) 4°C hold.
PCR products were run on a 5% agarose gel. Expected band sizes were (i) wild type =
92bp (ii) heterozygous deletion = 92bp and 84bp (ii) homozygous deletion = 84bp.
[00218]  Results | '
[00219] These rat in vivo results show that Wars2 levels inﬂuencéd capillary blood
vessel donsity and coronary flow. Specifically, when Wars2 level was low, capillary
blood vessel density was low. In addition, capillary area in the heart was also low when
Wars2 was low. Similarly, coronary blood flow in the heart, which is dependent on
capillary density, was low when Wars2 level Was low. FIGS. 19A-C illustrate these

results. FIG. 18 shows that Wars2 was effectively disrupted using zinc finger nuclease.

[00220] Example 8
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[00221] WARS?2 activity inhibition
[00222] Methods
[00223] WARS and WARS2 AMP-glo enzyme assay
[00224] The WARS and WARS?2 enzyme assay was performed using an ATP
depletion assay based on a chemilumines optimized with the AMP-GloTM reagent
(Promega) using 96-well format éssay. Reaction buffer cohtained 25mM Tris-HCL
pH7.2, 10 mM MgCI2, 50 mM KCl, 2.5 mM dithiothreitol, 0.1 mg/mL bovine serum
albumin, 0.2 mM spermine, 10 U/mL pyrophosphatase and enzyme concentration used
was 200 nM. Substrate concentrations were as follows: L-tryptophan 100 uM, bulk E.
coli tRNA (Sigma) 200 pg/mL and ATP 100 uM. Reaction was carried out at 37°C for
one hour, followed by adding reagent I (AMP-glo kit). The plate was incubated at room
temperature for another hour. At the end of the hour the AMP detection solution was
added to all the samples and incubated for one hour at room temperature. Data was
collected by measuring the luminescence with the Infinite M200 microplate Reader
(Tecan). Indolmycin was added at 10 micromolar concentration where indicated.
[00225] Results
[00226]  Suitable chemical compounds may be used to inhibit WARS?2 activity. For
- example, the present study shows that indolmycin inhibited human mitochondrial
WARS?2 but not human cytosolic WARS activity. Such inhibition of WARS2 activity
“may be combined with other modes of inhibition. For example, the WARS2 mutant rat
mutation (L53F) is associated with lower blood vessel growth and lower WARS?2
enzyme activity. Hence, using, e.g.; gene therapy methods, the WARS2 mutant form
L53F may be introduced into a subject to lower enzyme activity to inhibit blood vessel
growth. Such targeted gene therapy methods may be further combined with other
~ WARS2 inhibitors, e.g., indolmycin or related compound, to inhibit.blood vessel
growth. FIGS. 20A and 20B illustrate these results.

[00227] Example 9
[00228]  In'vivo knock down of WARS2 in rat eye using cholesterol modified siRNA
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'100229] Methods
[00230] Both non-targeting (NT) siRNA and siWars2 were purchased from
Dharmacon and formulated in the sterile siRNA buffer provided. Fifty (50) pug of
siWars2 was injected intravitreously into one eye of each of three F344 rats in a totai
volume of 5pl. The same dose of the NT confrol siRNA was injected into the
contralateral eye of each animal. Retina and choroid were collected after 48 hours, and
total RNA was extracted by Trizol (Ambion). cDNA was then synthesized according to
the manufacturer’s protocol (BioRad).
[00231] Real time PCR reactions to measure Wars2 expression were performed with
the SYBRgreen mastermix (Qiagen) and normalized to GAPDH mRNA level by using
the following primers:
[00232] Wars2 forward: 5°>-TTTCCAGCAGTCTCAGGTGTC-3’ (SEQ ID NO: 42);
[00233] Wars2 reverse: 5> TACAGGGTATGTGAGCAGGC-3’ (SEQ ID NO: 43);
[00234] GAPDH forward: 5’>-AAAGGGTCATCATCTCCGCC-3’ (SEQ ID NO: 44);
[00235] GAPDHreverse: 5’-CCTTCCACGATGCCAAAGTT-3’ (SEQ ID NO: 45).
[00236] Results _
[00237] Wars2 was efféctively knocked down in vivo in the rat eye using cholesterol
modified siRNA. As compared to non-targeted siRNA, Wars2 targeting siRNA showed
~ greater inhibition of Wars2 expression. See FIG. 21. - '
[00238] NT-siRNA:
Sense : 5’-UGGUUUACAUGUCGACUUU;3' (SEQ ID NO: 46)
Antisense : 5'-AGUCGACAUGUAAACCAUU—3' (SEQ ID NO: 47)
[00239] Wars2 siRNA:
Sense : 5-GCUCCAAUCAGAAGUGAUU-3' (SEQ ID NO: 48)
Antisense : 5-UCACUUCUGAUUGGAGCUU-3' (SEQ ID NO: 49)

[00240] Example 10
[00241]  In vitro model of angiogenesis
[00242] Methods
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[00243] Tube formation assay ,

[00244]  After 48 hours siRNA transfection or 48 hours adenovirus transduction or
siRNA gene knockdown, HUVECs were harvested and seeded in 96-well plates, pre-
-coated with 50 pl matrigel (Corning Matrigel matrix, growth factor reduced) per well, at
the density of 8,000 cells per well. After culturing in full EGM-2 medium for 8 hours, - ;
images were acquired for each well (at central position) at 5X objective (DM3000
inverted microscope, Leica). Images were analysed by WimTube (Wifnasis Image
Analysis).

[00245] Results

[00246]) Modulation of WARS?2 led to an increase and/or decrease in the formation of
blood vessels (i.e., angiogenesis). The loss of WARS2 functioh led to very signiﬁcaﬁt
reduction in angiogenesis, as measured by the formation of tubes of endothelial cells;
the total tube length; and the numbers of branching points. The data can be seen in
FIGS. 22A-C. By comparison, the gain of WARS2 function — shown in FIGS. 22 D-F —

led to a corresponding increase in these measures of angiogenesis.

[00247] Example 11

[00248] stARSZ causes decreased endothelial cell proliferation

[00249] Methods

[00250] HUVECs cultured in 8 well chamber slides were fixed with 4%
formaldehyde. Cells were permeabilized with 0.1% Triton x-100 and incubated with
Alexa Fluor 488 phalloidin (Molecular Probes, 1 to 200 in PBS, 30 minutes). Cell
nuclei were stained with DAPI (Molecular Probes, 1 to 1000 in PBS, 5 minutes) and
cells mounted with ProLong gold antifade mountant (Molecular Probes) or |
VECTASHIELD mounting medium (Vector Laboratpries). Images were écqpired using
a confocal laéer scamiﬁg microscope (LSM 710, Zeiss) and super-resolution structured
illumination microscope (ELYRA PS.1, Zeiss). Super-resolution images were post-
processed by ZEN software (Zeiss) with SIM module according to manufactu"r'er’s

‘instruction.
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[00251] Cell counts: Adherent HUVECs were harvested by trypsinization and
counted using an automated cell couriter (Countess Automated Cell Counter;
Invitrogen).

[00252] Results

[00253] The-effects on cell morphology can be seen in the high resolution
micrograph in FIG. 23A. The actin fibres dis'ap-peared altogether ih the presence 6f
inhibited WARS?2 and the mitochondria formed clumps. This reduced the ability of
endothelial cells to migrate and divide; there was incomplete separation of nuclei and
cells accumulate in G2/M phase (refer to FIGS. 24A and B). The downstream effect of
these changes was reduced proliferation due to cell death. The sfgniﬁcantly inhibited

proliferative capacity can be seen in the graph shown in FIG. 23B.

[00254] Example 12

[00255] Wars?2 inhibition prevents blood vessel growth in an in vivo/bfeast cancer
angiogenesis model |

[00256] Methods

[00257] Matrigel plug angiogenesis assay ,

'[00258] Corning Matrigel Membrane Matrix (LDEV-Free: Sml) (Fisher, Cat# CB-
40234A) was thawed on ice or in a 4°C refrigeratbr. While keeping matrigel on ice,
reconstituted stock (0.5mg/ml in‘sterile PBS) of Recombinant Rat VEGF 164 (R&D -

‘ Systems, cat# 564-RV-010/CF) was added to a final concentration of 500ng/ml in
matrigel. 500pl of cold VEGF/matrigel was loaded into chilled 1ml syrihges and
capped with a 23- or 27-gauge needle (with caps on). Syringes were kept on ice to kéep
cold until injection. i
[002’59] Rats were anesthetized using isoﬂurane or ketamine cocktail. The mammary
fat pad (MFP) between the lowest and second lowest nipple was pinched, lifted up »
slightly, and 500p1 of matrigel was injected into the MFP. The matrigel immediately

solidified. At5 déys post-injection, rats were euthanized and the matrigel plug was
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carefully excised from the adipose tissue. The tissue was wrapped in foil and
immediately frozen in liquid nitrogen. '

[00260] Results |

[00261] Blood vessel growth was prevented in vivo, in a breast cancer angiogenesis
model, in the presence of inhibited Wars2. Three rats with normal Wars2 and three rats
harboring the Wars2(L53F) mutation (mutated using zinc finger nuclease, as described
herein — see also FIG. 18) were studied. In rats which have and express normal Wars2,
blood vessel growth into VEGF matrigel plugs was visualized in each of the three rats
examined. In contrast, in the three rats whose Wars2 had been inhibited by mutation
using zinc finger nuclease, virtually no blood vessel growth into the VEGF matrigel
plugs was seen. Matrigel plugs with and without regrowth can be seen in FIG. 25.
Thus, WARS? inhibition benefits disorders characterized by enhanced and/or |
undesirable blood vessel growth (such as, for example, cancer and Varibus eye

diseases).

[00262] Example 13 7
[00263]  Evaluation of Wars2 siRNA on reduction of lesion size and leakage in a rat
model of LASER-induced choroidal neovascularization (CN V)

[00264] Methods

[00265] Non-targeting siRNA (negative control), Wars2 siRNA (test agent), and
anti-VEGF Ab (positive control) were administered intravitreously into theﬁeyes\ of
Brown Norway female rats aged 6-8 weeks, according to the following design:

Day 1: Bilateral Laser treatment to produce three (3) lesions per eye '

Day 3: Bilateral intravitreal injection of negative control, positive control, or test agent
Day 22: In-vivo fluorescein angiography

Day 22: Enucleation of eyes and fixation for future histological analyses

Three (3) groups of five (5) rats were used, as set out in Table 4.

Table 4. LASER-induced CNV experimental detail
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Group Induction . Treatment Treatment Details Assessment

Non targeting siRNA ’ Ir.l-vivoA fluorescein
1 3%::?;:5}:;2 (negative control) Bilateral Intravitreal angiography on Day 22;
bilateral ’ _ injection on Day 3 | Eyes enucleated on Day
| (100 pg/eye) n=5 22 and fixed in 4% PFA

|- . : In-vivo fluorescein
2 3Ii:2ie(1;ncs};lve An(t;—:l/;SyIZ)A b Bilateral Intravitreal | angiography on Day 22;
Bilateraly ’ =5 injectionon Day 3 | Eyes enucleated on Day
22 and fixed in 4% PFA

Laser CNV WARS?2 siRNA In-vivo fluorescein

3 3 122162115, feye (100 gs/leye) Bilateral Intravitreal | angiography on Day 22;
bilateral ’ n=5 injection on Day 3 Eyes enucleated on Day
’ 22 and fixed in 4% PFA

[00266] All animals were housed in groups of three in largé cages kept in ventilated
shelves under standard animal care conditions.

[00267] Anesthesia 4

[00268] Ketamine and Xylazine were mixed using a U-100 syringe utilizing 20 units
of Ketamine (100 mg/ml) and 100 unite of Xylazine (20mg/ml). The anesthesia mixture
was applied via IP injection at 1pul/g (body weight). -
[00269] LASER application to produce CNV lesions

[00270] Animals were dilated with 1% Cyclogyl solution and protected from light.
Following observable dilation, the animals were sedated with ketamine/xylazine. The
fundus of sedated animals was observed and recorded using a Micron III small animal
funduscope (Phoenix Research). Laser treatments were performed using a thermal laser
which was cc;nnected through the Micron III custom laser attachment. A total of 3
lesions are placed per eye, using a wavelength of 526 nm. The resultant fundus images
were recorded and evaluated to confirm that the laser had successfully produced a
bubble through the Bruch’s membrane. 7 |

[00271] Intravitreal administration ‘

[00272]  Animals were anesthetized with ketamine/xylazine and pupils dilated with

topical administration of Cyclogel and/or Tropicamide. Following sedation and
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dilation, a total volume of 5ul per eye was injected into the vitreous at the pars plana
using a Hamilton syringe and a 33 gauge needle.
[00273] NT-siRNA:
Sense : 5.UGGUUUACAUGUCGACUUU-3' (SEQ ID NO: 46)
, Antisense : 5'“AGUCGACAUGUAAACCAUU-3' (SEQ ID NO: 47)
[00274] Wars2 siRNA: |
Sense : 5'-GCUCCAAUCAGAAGUGAUU-3' (SEQ ID NO: 48)
Antisense : 5-UCACUUCUGAUUGGAGCUU-3' (SEQ ID NO: 49)

[00275] Fluorescein angiography

[00276] Animals were anesthetized with ketamine/xylazine and then received an IP
injection of 10% fluorescein sodium at 1pl/gram of body weight. Fundus images were
then captured as 8-bit TIFF files using the Micron III and exciter/barrier filters for a
target wavelength of 488 nm. Standard colour fundus photos were also captured for
each eye. o

[00277] Imaging and lesion quantification

[00278] All TIFF images were quantified using computerized image-analysis
software (1mageJ ,NIH, USA). Lesions were then individually traced free-hand in order
to quantify the area in pixels and the colour fundus photos were used as a reference for
lesion location. Areas of avascularization in the center of lesions are excluded from
area calculations. If there was hemorrhage or two lesions overlapping, these lesions
were excluded from analysis.

[00279] Tissue collection

[00280] Animals were anesthetized with ketamine/xylazine (80/10 mg/kg) and then
euthanized by IP administration of Euthasol (pentObarbital) at 200 mg/kg. Foll’dwing
euthanization, the eyes were enucleated and individually fixed in 4% paraformaldehyde.
Following fixation, all eyes were stored in individual 2 mL screw cap polypropylene
tubes. Samples were stored at room temperature. o

[00281] .  Data and statistical analyses
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[00282] Statistical analyses were performed with Graphpad Prism software (version
4.0) using an unpaired t-test for significance. Only changes with a p-Value <0.05 are

deemed statistically significant.

" Example 14 ,

[00283]  Results of experiment performed in Example 13
[00284] In negative control animals (that is, those injected with the non-targeting
siRNA) following laser treatment, choroidal neovascularization proceeds as would be

~ expected. In the case of the therapeutic intervention control (anti-VEGF antibody) and
the test agent (WARS?2 siRNA), however, significant reduction in the extent of

neovascularization is observed.

[00285] Example 15

[00286] Effect of WARS?2 knock down on human A549 lung cancer cell numbers
[00287] Methods '
[00288] = One day before transfection, the A549 lung carcinoma cell line

(ATCC Catalog: CCL-185) was cultured in 96-well plates at 10* cells/well. The
following day the cells were transfected with a non-targeting siRNA control (SN0O1-
10D, 10 nmol, from Singapore Advanced Biologics Pte Ltd) or the human WARS?2
siRNA (5°- CCGACATTCTGTTGTACAA-3’ — SEQ ID NO:36). Transfection was
carried out as described by Life Techhologies protocol for its Lipofectamine
RNAIMAX procedure.

[00289] Cell numbers were analyzed 2, 4 and 5 days post-transfection, using the
CellTiter-Glo® Luminescent Cell Viability Assay (Promega).

[00290] Resuits

[00291] The present study demonstrates that decreasing WARS2 expression using
siRNA targeted to WARS2 significantly reduced the number of lung cancer cells in
human A549 lung carcinoma. As FIG. 26 shows, non-targeting siRNA had no effect, 7

whereas a significant reduction in cell numbers was observed by as little as two days
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after transfection of the siRNA and, by five days post-transfection, numbers were
reduced by 70%. Accordingly, the proliferation of cancer cells was be reduced or

inhibited by decreasing the expression of WARS2.

[00292]  The teachings of all patents, published applications and references cited
herein are incorporated by reference in their entirety. _

[00293] = While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without departing from

the scope of the invention encbmpassved by the appended claims.
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CLAIMS

What is claimed is:

1. A method of modulating angiogenesis in an individual in need thereof comprising
administering an effective amount of an agent that modulates expression of WARS2,

activity of WARS?2 or a combination thereof.

2. The method of claim 1 wherein the agent is a nucleic acid, a small organic molecule,

an antibody, an aptamer, a mutant WARS?2 or a combination thereof.

3. The method of claim 1 or 2 wherein the agent inhibits the expression of WARS2, the
| activity of WARS? or a combination thereof, thereby inhibiting angiogenesis.

4. The method of any one of claims 1-3 wherein the agent is a nucleic acid that binds to
WARS2 nucleic acid. |

5. The method of any one of claims 1-3, wherein the small organic molecule is

indolmycin or a derivative thereof.

6. The method of claim 4 wherein the nucleic acid is a small interfering ribonucleic

acid (siRNA) and/or a rhorpholino oligomer that specifically targets WARS2.

7. The method of claim 1 or 2 wherein the agent enhances the expression of WARS2,

the activity of WARS2 or a combination thereof, thereby enhancing angiogenesis.

8. The method of claim 1, 2 or 7 wherein the agent is a vector that directs expression of
WARS2.

9. A method of inhibiting angiogenesis in an individual in need thereof comprising
administering an effective amount of an agent that inhibits expression of WARS2,

activity of WARS2 or a combination thereof.

10. The method of claim 9 wherein the agent is a nucleic acid, a small organic

-molecule, an antibody, an aptamer, a mutant WARS?2 or a combination thereof.
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11. The method of claim 9 or 10 wherein the agent is a nucleic acid that binds to

WARS?2 nucleic acid.

12. The method of claim 10 wherein the small organic molecule is indolmycin or a

derivative thereof.

13. The method of 'any one of claims 9-11 wherein the nucleic acid is a small-
interfering ribonucleic acid (siRNA) and/or a morpholino oligomer that specifically
targets WARS?2.

14. The method of any one of claims 1-6 or 9-13 wherein the individual has

retinopathy, macular degeneration, cancer, is obese, or a combination thereof.
15. The method of claim 14 wherein the retinopathy is diabetic retinopathy.

16. The method of claim 14 wherein the macular degeneration is agé—related macular

degeneration (AMD).
17. The method of claim 16 wherein the AMD is wet AMD or dry AMD.

18. A method of treating retinopathy in an individual in need thereof comprising
administering an effective amount of an agent that inhibits expression of WARS2,

activity of WARS2 or a combination thereof.
19. The method of claim 18 wherein the retinopathy is diabetic retinopathy.

20. A method of treating macular degeneration in an individual in need thereof
coniprising administering an effective amount of an agent that inhibits expression of

WARS?2, activity of WARS2 or a combination thereof.

21. The method of claim 20 wherein the macular degeneration is age-related macular

degeneration (AMD). |
22. The method of claim 21 wherein the AMD is wet AMD or dry AMD.

23. The method of any one of claims 18-22 wherein the agent is a nucleic acid, a small

organic molecule, an antibody, an aptamer, a mutant WARS2 or a combination thereof.
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24. The method of any one of claims 18-23 wherein the agent is a nucleic acid that
binds to WARS?2 nucleic acid.

25. The method of claim 24 wherein the nucleic acid is a small interfering ribonucleic

acid (siRNA) and/or a morpholiﬁo oligomer that specifically targets WARS?.

26. The method of claim 23, wherein the small organic molecule is indolmycin or

derivative thereof.

27. A method of inhibiting cancer cell proliferation in an individual in need thereof
comprising administering an effective amount of an agent that inhibits expression of

WARS?2, activity of WARS2 or a combination thereof.

28. The method of claim 27 wherein the agent is a nucleic acid, a small organic

molecule, an antibody, an aptamer, a mutant WARS?2, or a combination thereof.

29. The method of claim 27 or 28 wherein the agent is a nucleic acid that binds to
WARS2 nucleic acid. |

30. The method of claim 28 wherein the small organic molecule is indolmycin or a

derivative thereof.

31. The method of any one of claims 27-30 wherein the nucleic acid is a small
interfering ribonucleic acid (siRNA) and/or a morpholino oligomer that specifically
targets WARS?2. '

32. The method of any one of claims 27-31, wherein the cancer cell is lung carcinoma

cell.

33. A method of enhancing angiogenesis in an individual in need thereof comprising
administering an effective amount of an agent that enhances expression of WARS2,

- activity of WARS2 or a combination thereof.

34. The method of claim 33 wherein the agent is a nucleic acid, or a small organic

molecule, an antibody, an aptamer, a mutant WARS?2 or a combination thereof.
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35. The method of claim 33 or 34 wherein the agent is a vector that directs expression
of WARS2.

36. The method of any one of the preceding claims wherein the activity of WARS2
comprises interaction with WARS, EPRS, GAPDH, RPL14a or a combination thereof.

37. A method of identifying angiogenic potential of a tumor in an individual in need
thereof, comprising determining a level of WARS in one or more extracellular vesicles
(EVs) and/or contents thereof obtained from the individual compared to a control,
wherein an increased level of WARS in the one 6'1' more EVs and/or contents thereof
compared to the control indicates a tumor with low angiogenic potential in the
individual and a decreased level of WARS in the one or more EVs and/or contents
thereof compared to the control indicates a tumor with high angiogenic potential in the

individual.

38. The method of claim 37 wherein the control is a level of WARS in one or more

EVs obtained from one or more individuals without a tumor.

39. The method of claim 37 or 38 further comprising obtaining a sample comprising

the one or more EVs from the individual.

40. The method of claim 39 wherein the sample is a biological fluid of the individual, a

biological tissue of the individual or a combination thereof.
41. The method of claim 40 wherein the biological fluid is blood or plasma.

42. The method of any one of claims 37-41 further comprising obtaining one or more

EVs or contents thereof from the individual.

43. The method of any one of claims 37-42 further comprising treating the individual

based on the identified angiogenic potential of the tumor.

44. The method of claim 43, wherein the individual is treated with an effective amount
of an agent that inhibits WARS2 expression, WARS?2 activity, or combination thereof, if'
the level of WARS is decreased in the one or more EVs and/or contents thereof

compared to the control.
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45. The method of any one of claims 37-44 wherein the one or more EVs are

€X0somes.

46. A method of identifying angiogenic potential in an individual having a
cardiovascular disorder, comprising determining a level of WARS in one or more
extracellular vesicles (EVs) and/or contents thereof obtained from the individual
compared to a control, wherein an increased level of WARS in the one or more EVs
and/or contents thereof compared to the control indicates low angiogenic potential in
the individual and a decreased level of WARS in the one or more EVs and/or contents

thereof compared to the control indicates high angiogenic potential in the individual.

4

47. The method of claim 46 wherein the control is a level of WARS in one or more

EVs obtained from one or more individuals without a cardiovascular condition.

48. The method of claim 46 or 47 further comprising obtaining a sample comprising

the one or more EVs from the individual.

49. The method of claim 48 wherein the sample is a biological fluid of the individual, a

biological tissue of the individual or a combination thereof.
50. The method of claim 49 wherein the biological fluid is blood or plasma.

51. The method of any one of claims 46-50 further comprising obtaining one or more

EVs or contents thereof from the individual.

52. The method of any one of claims 46-51 further comprising treating the individual

based on the identified angiogenic potentfal of the cardiovascular disorder.

53. The method of claim 52, wherein the individual is treated with an effective amount '
of an agent that enhances WARS2 expression, WARS?2 activity, or combination thereof,
if the level of WARS is increased in the one or more EVs and/or contents thereof

compared to the control.

54. The method of any one of claims 46-53 wherein the one or more EVs are

€X0somgs.
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55. A method of determining whether an individual in need thereof will benefit from

anti-angiogenesis treatment comprising:

a) performing genomic analysis of all or a portion of the individual’s chromosome
1, wherein the portion comprises | |

' TTCATATTCTGTCGAGACACCCATC[C/G]CCCTGTGTTTCACTTGTCTGATTA
C (SEQ ID NO: 38); and

b) detecting at least one allele at position 26 of SEQ ID NO: 38,

- wherein if at least one allele is a G at position 26 of SEQ ID NO: 38, then the individual

will benefit from anti-angiogenesis treatment.

56. The method of claim 55 wherein the individual is homozygous for G at the allele

(G:G), heterozygous for G at the allele (G:C) or homozygous for C at the allele (C:C).

~ 57. The method of claim 55 or 56 wherein the portion of chromosome 1 comprises

position 119,503,593-119,504,093 of chromosome 1.

58. The method of any one of claims 55-57 wherein the detection of the at least one

allele at position 26 of SEQ ID NO: 38 from the individual is compared to a control.

59. The method of claim 58 wherein the control is obtained from one or more
individuals that respond to anti-angiogenesis treatment, do not respond to anti-

angio génesis treatment or a combination thereof.
60. The method of any one of claims 55-59 wherein the individual has a tumor.

61. The method of any one of claims 55-60 further comprising obtaining a sample from

the indi\_/idual.

62. The method of any one of claims 61 wherein the sample is obtained from a
biological fluid of the individual, a biological tissue of the individual or a combination

thereof.

63. The method of claim 62 wherein the biological fluid is blood or plasrha. 7
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64. The method of any one of claims 55-63 further comprising treating the individual
having at least one allele that is a G at position 26 of SEQ ID NO: 38 with an anti-

angiogenic treatment.

65. The method of claim 64 wherein the anti-angiogenic treatment comprises inhibiting
vascular endothelial growth factor (VEGF), VEGF receptor-2_;('V EGFR), platelet
derived growth factor (PDGF), Tie-1 receptor (Tie-1R), Tie-2 receptor (Tie-2R),
placental growth factor (P1IGF), VE-cadherin or a combination thereof.

66. The method of any one of the preceding claims wherein the individual is a human.

67. A method of identifying an agent that modulates WARS expression, activity or a

combination thereof comprising:

a) determining WARS expression and/or activity from one or more extracellular
vesicles (EVs) obtained from a cell, tissue and/or organism that has been contacted with

" an agent to be assessed; and

b) comparing the WARS expression, activity or combination thereof in a) to a

control,

wherein if the WARS expression, activity or combination thereof is altered in the
presence of the agent compared to the control, then the agent modulates WARS

expression, activity or a combination thereof,

68. The method of claim 67 wherein the control is an EV’s WARS expression, activity

or combination thereof in the agent’s absence.

69. The method of claim 67 or 68 wherein the EV’s WARS expression, activity or

combination thereof is decreased in the agent’s presence compared to the control.

70. The method of claim 67 or 68 wherein the EV’s WARS expression, activity or

combination thereof is increased in the agent’s presence compared to the control.

71. The method of any one of claims 67-70 further comprising contacting the cell,

tissue and/or organism with the agent to be assessed.
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72. The method of any one of claims 67-71 further comprising obtaining the one or
more EVs from the cell, tissue and/or organism that has been contacted with an agent to

be assessed.

73. The method of any one of claims 67-72 wherein the one or more EVs are .
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