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Figure 1
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Figure 2
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Figure 3
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MARKERS OF ENDOTHELIAL CELLS AND
USES THEREOF

FIELD

[0001] The present invention relates to the identification of
markers of endothelial cells which are in a quiescent or acti-
vated state, and more specifically to beta tubulin isotypes as
markers which are differentially expressed between endothe-
lial cells in these states. The beta tubulin isotypes can be used
for the identification of agents which selectively bind quies-
cent or activated endothelial cells, and to identify agents
which inhibit or promote angiogenesis and/or vascular func-
tion. Such agents are therefore useful in the treatment of
angiogenesis-related disorders. The beta tubulin isotypes can
also be used to predict a response to a therapeutic and/or can
monitor disease progression.

BACKGROUND

[0002] Angiogenesis, the formation of new blood vessels
from existing vasculature, is known to be associated with a
number of pathological conditions, including rheumatoid
arthritis, diabetic retinopathy, and psoriasis, and is also an
essential process for local tumour progression and the devel-
opment of distant metastasis.

[0003] The formation of new capillaries is a multistep pro-
cess which is controlled by positive and negative factors as
well as by complex interactions between tumour cells, host
endothelium, stromal cells, and extracellular matrix compo-
nents. The process begins with an angiogenic stimulus to
existing vasculature, usually mediated by growth factors such
as vascular endothelial growth factor or basic fibroblast
growth factor. This is followed by degradation of the extra-
cellular matrix, cell adhesion changes and disruption, an
increase in cell permeability, and activation of endothelial
cells, e.g. proliferation ofendothelial cells and their migration
towards the site of blood vessel formation.

[0004] Later stages of angiogenesis include vessel lumen
formation, stabilisation and differentiation by the migrating
endothelial cells, basement membrane production, and the
induction of vessel bed specializations. The final stages of
vessel formation include what is known as remodelling,
wherein a forming vasculature becomes a stable, mature ves-
sel bed.

[0005] However, in the (normal) healthy adult, angiogen-
esisis virtually arrested and occurs only when needed, such as
in wound healing, hair growth, renewal of the endometrium
during the menstrual cycle, formation and growth of the cor-
pus luteum during pregnancy, and in the restoration of tissue
structure and function after injury.

[0006] There is therefore a need in the art to identify mark-
ers which allow endothelial cells that are participating in the
process of angiogenesis (activated endothelial cells) to be
distinguished from those endothelial cells which are not (qui-
escent endothelial cells). This is important not only for the
detection of diseases or conditions associated with angiogen-
esis, but will allow the identification of agents that bind pref-
erentially to activated or quiescent endothelial cells.

[0007] All references, including any patents or patent appli-
cations, cited in this specification are hereby incorporated by
reference. It will be clearly understood that, although a num-
ber of prior art publications are referred to herein, this refer-
ence does not constitute an admission that any of these docu-
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ments forms part of the common general knowledge in the art,
in Australia or in any other country.

SUMMARY

[0008] In a first aspect the invention provides the use of a
beta tubulin isotype that is differentially expressed between
activated endothelial cells and quiescent endothelial cells for
identifying an agent which inhibits or promotes angiogenesis
and/or vascular function.

[0009] In one embodiment, expression of the beta tubulin
isotype is higher in activated endothelial cells when com-
pared to quiescent endothelial cells, and the use identifies an
agent which inhibits angiogenesis and/or vascular function.
[0010] Inanother embodiment, expression of the beta tubu-
lin isotype is higher in quiescent endothelial cells when com-
pared to activated endothelial cells, and the use identifies and
agent which promotes angiogenesis and/or vascular function.
[0011] In asecond aspect the invention provides the use of
an activated endothelial cell for identifying an agent which
inhibits angiogenesis and/or vascular function, by assaying
for interaction of the agent with a beta tubulin isotype which
displays higher expression in activated endothelial cells when
compared to expression in quiescent endothelial cells.
[0012] In athird aspect the invention provides the use of a
quiescent endothelial cell for identifying an agent which pro-
motes angiogenesis and/or vascular function, by assaying for
interaction of the agent with a beta tubulin isotype which
displays higher expression in quiescent endothelial cells
when compared to expression in activated endothelial cells.
[0013] Ina fourth aspect the invention provides the use ofa
beta tubulin isotype that is differentially expressed between
activated endothelial cells and quiescent endothelial cells for
identifying an agent which selectively interacts with the acti-
vated or quiescent endothelial cells.

[0014] Inoneembodiment of the fourth aspect of the inven-
tion, expression of the beta tubulin isotype is higher in acti-
vated endothelial cells when compared to quiescent endothe-
lial cells, and the use identifies an agent which selectively
interacts with activated endothelial cells.

[0015] In another embodiment of the fourth aspect of the
invention, expression of the beta tubulin isotype is higher in
quiescent endothelial cells when compared to activated
endothelial cells, and the use identifies an agent which selec-
tively interacts with quiescent endothelial cells.

[0016] In a fifth aspect the invention provides the use of a
beta tubulin isotype which has higher expression in activated
endothelial cells when compared to expression in quiescent
endothelial cells, as a marker of activated endothelial cells.
[0017] Ina sixth aspect the invention provides the use of a
beta tubulin isotype which has higher expression in quiescent
endothelial cells when compared to expression in activated
endothelial cells, as a marker of quiescent endothelial cells.
[0018] In one embodiment of the fifth and sixth aspects of
the invention, the marker can be used to predict a response to
a therapeutic and/or to monitor disease progression.

[0019] Ina seventh aspect the invention provides a method
of identifying an agent which selectively interacts with acti-
vated endothelial cells or quiescent endothelial cells, com-
prising:

[0020] (a) providing a beta tubulin isotype which is differ-
entially expressed between activated endothelial cells and
quiescent endothelial cells;

[0021] (b) adding a candidate agent to the beta tubulin
isotype in (a); and
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[0022] (c)assaying for the binding of the candidate agent to
the beta tubulin isotype,

[0023] wherein a candidate agent which binds to the beta
tubulin isotype, is an agent which selectively interacts with
activated endothelial cells or quiescent endothelial cells.
[0024] In one embodiment of the seventh aspect of the
invention, expression of the beta tubulin isotype is higher in
activated endothelial cells when compared to quiescent
endothelial cells, and the method identifies an agent which
selectively interacts with activated endothelial cells.

[0025] In another embodiment of the seventh aspect of the
invention, expression of the beta tubulin isotype is higher in
quiescent endothelial cells when compared to activated
endothelial cells, and the method identifies an agent which
selectively interacts with quiescent endothelial cells.

[0026] In an eighth aspect the invention provides a method
of identifying an agent which selectively interacts with acti-
vated endothelial cells, comprising:

[0027] (a) providing activated endothelial cells;
[0028] (b) adding a candidate agent to the cells in (a); and
[0029] (c)assaying for the binding of the candidate agent to

a beta tubulin isotype which has higher expression in the
activated endothelial cells when compared to expression in
quiescent endothelial cells,

[0030] wherein a candidate agent which binds to the beta
tubulin isotype, is an agent which selectively interacts with
activated endothelial cells.

[0031] Inaninthaspect the invention provides a method of
identifying an agent which selectively interacts with quies-
cent endothelial cells, comprising:

[0032] (a) providing quiescent endothelial cells;
[0033] (b) adding a candidate agent to the cells in (a); and
[0034] (c)assaying for the binding of the candidate agent to

a beta tubulin isotype which has higher expression in the
quiescent endothelial cell when compared to expression in
activated endothelial cells,

[0035] wherein a candidate agent which binds to the beta
tubulin isotype, is an agent which selectively interacts with
quiescent endothelial cells.

[0036] Inatenth aspect the invention provides a method of
identifying an agent which selectively interacts with activated
endothelial cells, comprising:

[0037] (a) providing activated endothelial cells;
[0038] (b) adding a candidate agent to the cells in (a); and
[0039] (c) determining the effect of the candidate agent on

a functional property of the cells,

[0040] wherein a candidate agent which alters a functional
property of the cells, is an agent which selectively interacts
with activated endothelial cells.

[0041] In an eleventh aspect the invention provides a
method of identifying an agent which selectively interacts
with quiescent endothelial cells, comprising:

[0042] (a) providing quiescent endothelial cells;
[0043] (b) adding a candidate agent to the cells in (a); and
[0044] (c) determining the effect of the candidate agent on

a functional property of the cells,

[0045] wherein a candidate agent which alters a functional
property of the cells, is an agent which selectively interacts
with quiescent endothelial cells.
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[0046] 1In atwelfth aspect the invention provides a method
of identifying an agent which inhibits or promotes angiogen-
esis and/or vascular function, comprising:

[0047] (a) providing a beta tubulin isotype which is differ-
entially expressed between activated endothelial cells and
quiescent endothelial cells;

[0048] (b) adding a candidate agent to the beta tubulin
isotype in (a); and

[0049] (c) assaying for the binding of the candidate agent to
the beta tubulin isotype,

[0050] wherein a candidate agent which binds to the beta
tubulin isotype, is an agent which inhibits or promotes angio-
genesis and/or vascular function.

[0051] In one embodiment of the twelfth aspect of the
invention, expression of the beta tubulin isotype is higher in
activated endothelial cells when compared to quiescent
endothelial cells, and the method identifies an agent which
inhibits angiogenesis and/or vascular function.

[0052] In another embodiment of the twelfth aspect of the
invention, expression of the beta tubulin isotype is higher in
quiescent endothelial cells when compared to activated
endothelial cells, and the method identifies an agent which
promotes angiogenesis and/or vascular function.

[0053] In a thirteenth aspect the invention provides a
method of identifying an agent which inhibits angiogenesis
and/or vascular function, comprising:

[0054] (a) providing activated endothelial cells;
[0055] (b) adding a candidate agent to the cells in (a); and
[0056] (c) assaying the binding of the candidate agent to a

beta tubulin isotype which has higher expression in the acti-
vated endothelial cells when compared to expression in qui-
escent endothelial cells,

[0057] wherein a candidate agent which binds to the beta
tubulin isotype, is an agent which inhibits angiogenesis and/
or vascular function.

[0058] In a fourteenth aspect the invention provides a
method of identifying an agent which promotes angiogenesis
and/or vascular function, comprising:

[0059] (a) providing quiescent endothelial cells;
[0060] (b) adding a candidate agent to the cells in (a); and
[0061] (c)assaying for the binding of the candidate agent to

a beta tubulin isotype which has higher expression in the
quiescent endothelial cells when compared to expression in
activated endothelial cells,

[0062] wherein a candidate agent which binds to the one
beta tubulin isotype, is an agent which promotes angiogenesis
and/or vascular function.

[0063] Inafifteenth aspect the invention provides a method
of identifying an agent which inhibits angiogenesis and/or
vascular function, comprising:

[0064] (a) providing activated endothelial cells;
[0065] (b) adding a candidate agent to the cells in (a); and
[0066] (c) determining the effect of the candidate agent on

a functional property of the cells,

[0067] wherein a candidate agent which alters a functional
property of the cells, is an agent which inhibits angiogenesis
and/or vascular function.

[0068] In a sixteenth aspect the invention provides a
method of identifying an agent which promotes angiogenesis
and/or vascular function, comprising:

[0069] (a) providing quiescent endothelial cells;
[0070] (b) adding a candidate agent to the cells in (a); and
[0071] (c) determining the effect of the candidate agent on

a functional property of the cells,
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[0072] wherein a candidate agent which alters a functional
property of the cells, is an agent which promotes angiogenesis
and/or vascular function.

[0073] In an embodiment of the tenth, eleventh, fifteenth
and sixteenth aspects of the invention, a functional property
of the cells includes any one or more of:

[0074] (a) proliferation of the cells;

[0075] (b) migration of the cells;

[0076] (c) the ability of the cells to form capillaries;
[0077] (d) the ability ofthe cells to participate in angiogen-
esis;

[0078] (e) the ability of the cells to maintain cell-to-cell
contact;

[0079] (D) the ability of the cells to sustain functional blood
vessels; and

[0080] (g) the ability of a beta tubulin isotype present

within the cell to polymerise when in the presence of an alpha
subunit.

[0081] In an embodiment of the first, second, fourth, fifth,
seventh, eighth, tenth, twelfth and thirteenth aspects of the
invention, the beta tubulin isotype is beta I tubulin.

[0082] In an embodiment of the first, third, fourth, sixth,
seventh, ninth, eleventh, twelfth and fourteenth aspects of the
invention, the beta tubulin isotype is beta III tubulin.

[0083] In a seventeenth aspect the invention provides an
agent when identified by any one of the seventh to sixteenth
aspects of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0084] FIG. 1 shows a graphical result of expression of the
beta I tubulin isotype RNA and protein in activated and qui-
escent human umbilical vein endothelial cells (HUVECs).
[0085] FIG. 2 shows a graphical result of expression of the
beta III tubulin isotype RNA and protein in activated and
quiescent HUVECs.

[0086] FIG. 3 shows a graphical result of the expression of
tubulin isotypes beta I and beta III protein in activated and
quiescent HUVECs during capillary tube formation on a
Matrigel matrix.

DETAILED DESCRIPTION

[0087] The inventors have found that expression of beta
tubulin isotypes varies between activated and quiescent
endothelial cells. Although previous studies have shown that
the expression of beta tubulin isotypes varies between normal
and cancerous cells, expression differences in endothelial
cells has not previously been known or anticipated.

[0088] Microtubules are cylindrical structures of the
cytoskeleton and are composed of heterodimer subunits of
alpha and beta tubulin. In vertebrates, there exists at least
seven isotypes of beta tubulin.

[0089] As used herein, the term “beta tubulin isotype” is
taken to include the seven isotypes of beta tubulin which are
currently known and published, those which the present
inventors have identified from analysis of the GenBank data-
base of NCBI, and those which are as yet unidentified. Cur-
rently known and published beta tubulin isotypes include
classes L, IL, I1I, IVa, IVb, V, and VI. The present inventors
have identified further human isotypes, namely beta VIII
tubulin and a new class II isotype (class Ila). Reference to a
“beta tubulin isotype™ is also reference to the nucleic acid or
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polypeptide sequence encoding the isotype. Examples of
human beta tubulin isotype nucleic acids and polypeptides
include:

[0090] Beta I tubulin (Sullivan K F and Cleveland D W,
1986, PNAS USA 83(12): 4327-4331)—Genbank Accession
Numbers: NM__ 178014 and NP_ 821133 respectively;
[0091] Beta II tubulin (Sullivan K F and Cleveland D W,
1986, PNAS USA 83(12): 4327-4331)—Genbank Accession
Numbers: NM_ 178012 and NP_ 821080 respectively;
[0092] Beta Ila tubulin—Genbank Accession Numbers:
NM_001069 and NP__001060 respectively;

[0093] Beta I1I tubulin (Sullivan K F and Cleveland D W,
1986, PNAS USA 83(12): 4327-4331)—Genbank Accession
Numbers: NM__006086 and NP__006077 respectively;
[0094] Beta IVa tubulin (Lopata M A and Cleveland D W,
1987, J. Cell Biol. 105(4): 1707-1720)—Genbank Accession
Numbers: NM__ 006087 and NP_ 006078 respectively;
[0095] Beta IVD tubulin (Lopata M A and Cleveland D W,
1987, J. Cell Biol. 105(4): 1707-1720)—Genbank Accession
Numbers: NM__006088 and NP__ 006079 respectively;
[0096] Beta V tubulin (Lopata M A and Cleveland D W,
1987, J. Cell Biol. 105(4): 1707-1720)—Genbank Accession
Numbers: NM__032525 and NP__115914 respectively;
[0097] Beta VI tubulin (Wang D et al., 1996, J. Cell Biol.
103(5):  1903-1910)—Genbank  Accession Numbers:
NM_030773 and NP__110400 respectively; and

[0098] Beta VIII tubulin—Genbank Accession Numbers:
NM_ 177987 and NP_ 817124 respectively.

[0099] Isotypes corresponding to classes I and IVb are
expressed across a number of tissues, whereas class Il is a
major component of brain beta tubulin. The expression of
classes III and IVa is restricted to nerve tissues, class V is
ubiquitously expressed except for the brain, and the class VI
1sotype is expressed by hematopoietic cells.

[0100] The beta tubulin isotypes are preferably in purified
form and can be synthesised by recombinant DNA technol-
ogy which is known in the art. For example, any one of the
nucleic acid sequences listed above can be introduced into a
host cell. Typically, a host cell is transfected with an expres-
sion vector comprising the nucleic acid. A variety of expres-
sion vector/host systems may be utilized to contain and
express a beta tubulin isotype. These include, but are not
limited to, microorganisms such as bacteria transformed with
plasmid or cosmid DNA expression vectors; yeast trans-
formed with yeast expression vectors; insect cell systems
infected with viral expression vectors (e.g., baculovirus); or
mouse or other animal or human tissue cell systems. Mam-
malian cells can also be used to express a beta tubulin isotype
polypeptide using various expression vectors including plas-
mid, cosmid and viral systems such as a vaccinia virus expres-
sion system. The invention is not limited by the host cell or
vector employed. When large quantities of protein are
needed, vectors which direct high levels of expression may be
used such as those containing the T5 or T7 inducible bacte-
riophage promoter.

[0101] Alphaandbeta tubulin isotypes display varied tissue
expression, and vary from each other by substitutions within
key amino acids. Individual tubulin isotypes can alter the
properties of the microtubule through regulating microtubule
function. The variation in expression and different properties
associated with each of the tubulin isotypes suggests that
individual isotypes may have distinct roles in different tis-
sues. Cancers develop resistance to tubulin binding agents
such as docetaxel and paclitaxel by altering the tubulin iso-
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type composition of cells. For example, alterations in the
expression of beta I tubulin have been found in taxol-resistant
lung cancer cells and the docetaxel-resistant breast cancer
cell-line MCF-7. Furthermore, expression of tubulin isotypes
beta II, beta I1I and beta IVa have also been shown to be
altered in taxol-resistant lung cancer cells and the MCF-7
breast cancer cell-line.

[0102] Ithas been shown that knock-down of beta III tubu-
lin in lung cancer cells results in a 39% increase in paclitaxel
sensitivity, further highlighting the importance that beta I1I
tubulin plays in developing resistance to tubulin-binding
agents. It has also been shown that the tubulin-binding agent
colchicine has the lowest binding affinity for the beta III
isotype, and beta 1II decreases the rate of microtubule poly-
merisation in vitro.

[0103] Theinventors have found that the expression of beta
tubulin isotypes varies between activated and quiescent
endothelial cells. In further studies, expression of beta I tubu-
lin has been found to be higher in activated endothelial cells
when compared to quiescent endothelial cells. Further studies
have identified that beta III tubulin expression is higher in
quiescent endothelial cells when compared to activated
endothelial cells.

[0104] Whilst differential expression of beta I and beta 111
tubulin has currently been shown, other beta tubulin isotypes
may be differentially expressed in endothelial cells at differ-
ent stages of their differentiation and/or life cycle.

[0105] A “quiescent” endothelial cell in the context of the
present invention is taken to mean an endothelial cell which is
involved in maintaining stable blood vessels or capillaries,
and which exhibits very low or no proliferative and/or migra-
tory activity. In vitro, a quiescent cell may be obtained by
culturing an endothelial cell in basal media or under confluent
culture conditions, which would be known in the art. For
example, suitable media includes the EBM-2 medium
(Clonetics, USA) containing 0.1% GA-1000 (gentamicin,
amphotericin-B) and 0.5% fetal bovine serum. No growth
supplements are present in the culture medium. Both in vitro
and in vivo, a quiescent endothelial cell is usually bound to
neighbouring endothelial cells, and is not participating in the
process of angiogenesis.

[0106] During the process of angiogenesis, endothelial
cells become activated upon an angiogenic stimulus to exist-
ing vasculature, usually mediated by growth factors such as
vascular endothelial growth factor or basic fibroblast growth
factor. Therefore in the context of the present invention, an
“activated” endothelial cell is a cell which has been stimu-
lated, and is responding, to an angiogenic stimulus. The cell
may be proliferating, migrating, or forming capillaries, i.e. an
“activated” endothelial cell is an endothelial cell participating
in the process of angiogenesis.

[0107] In vitro an activated endothelial cell may be
obtained by culturing an endothelial cell in a growth-supple-
mented media. Such media would be know in the art, and
include the EGM-2 medium (Clonetics, USA) containing
basal EBM-2 medium, hEGF, hydrocortisone, 0.1%
GA-1000 (gentamicin, amphotericin-B), 2% fetal bovine
serum, vascular endothelial growth factor (VEGF), human
fibroblast growth factor beta, R*-insulin growth factor-1,
ascorbic acid and heparin.

[0108] The activation of endothelial cells leads to changes
in expression of one or more genes in these cells when com-
pared to expression of the same one or more genes in quies-
cent endothelial cells. This is known as “differential expres-
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sion” and refers to the level, concentration, or activity of a
constituent (e.g. a nucleic acid corresponding to a particular
gene and/or its encoded protein) in a first sample (or set of
samples) as compared to the level or activity of the constituent
in a second sample (or set of samples), where the method used
for detecting the constituent provides a different level or
activity when applied to the two samples (or set of samples).
As an example, a protein which is measured at one concen-
tration in a first sample, and at a different concentration in a
second sample, is differentially expressed in the first sample
as compared with the second sample. Essentially, the protein
acts as amarker for distinguishing the two samples from each
other. As used herein, the term “marker” is taken to mean “a
characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic pro-
cesses, or pharmacological responses to therapeutic interven-
tions.” (NIH Biomarker Definitions Working Group, 1998).
In the context of the present invention, an example of a suit-
able marker is a beta tubulin isotype nucleic acid and/or its
encoded protein. The marker measurement may be higher or
increase, or may be lower or decrease, in response to particu-
lar biological processes; or, if a marker measurement typi-
cally changes in the absence of a particular biological pro-
cess, a constant measurement may indicate occurrence of that
process. Marker measurements can be represented in absolute
or relative values (e.g. the relative concentration of two mol-
ecules in a biological sample). As used herein, a reference to
a “marker” includes a combination of two or more such
markers.

[0109] Inthe contextofthe present invention, expression of
a beta tubulin isotype would be referred to as “higher” in for
example activated endothelial cells compared to quiescent
endothelial cells if the method for detecting expression of the
beta tubulin isotype indicates that the level or activity of the
isotype is higher or greater in the activated cells compared to
the quiescent cells (or if the isotype is detectable in the acti-
vated cell but not in the quiescent cell).

[0110] The increase in expression may be measured by any
method or technique known to those of skill in the art. As will
be appreciated by one of skill in the art, the observed increase
may vary depending on the particular method or technique
that is used to make the measurement. For example, the dif-
ference in the level of expression or activity of a beta tubulin
isotype between two samples (e.g. between an activated
endothelial cell and a quiescent endothelial cell) can be mea-
sured at the transcriptional level, i.e. the conversion of the
information encoded in the gene into messenger RNA
(mRNA), at the translational level, i.e. the conversion of
mRNA to protein, or a combination of both.

[0111] Changes in expression or activity of a beta tubulin
isotype can be measured by any method known in the art.
Such commonly used methods include differential display
(Liang P et al., 1992, Science 257(5072): 967), representa-
tional difference analysis (Lisitsyn N A et al., 1993, Science
259(5097): 946), serial analysis of gene expression (Vel-
culescu V E etal., 1995, Science 270(5235): 4484), and more
recently array based technologies (Schena M et al., 1995,
Science 270(5235): 467).

[0112] By way of example only the step of determining
differential expression of a beta tubulin isotype at the tran-
scriptional level may be carried out by detecting the presence
of mRNA by reverse transcription polymerase chain reaction
(RT-PCR), including quantitative RT-PCR, or using specific
nucleic acid arrays utilising microchip technology. By way of



US 2010/0285497 A1

example only the step of determining differential expression
of a beta tubulin isotype at the translational level may be
carried out by detection of the protein encoded by the mRNA,
for example using ELISA, protein immunochemical analysis,
proteomic arrays, or intracellular staining as detected by flow
cytometry. All of these methods are well known in the art.
[0113] Essentially, a beta tubulin isotype which shows dif-
ferential expression in activated compared to quiescent
endothelial cells represent a marker for these cells, and allows
the cell types to be distinguished and isolated from each other.
[0114] The present invention provides the use of a differ-
entially expressed beta tubulin isotype in methods for identi-
fying an agent which will selectively interact with activated or
quiescent endothelial cells.

[0115] As used herein, the term “selectively interact” is
taken to mean an agent which targets, binds to, or recognises
one endothelial cell type, i.e. activated or quiescent, in pref-
erence to the other endothelial cell type. An agent which
selectively interacts with activated endothelial cells will
therefore be an agent which exhibits activity against activated
endothelial cells, e.g. is able to modulate the function of these
cells, at a lower concentration than its ability to modulate the
function of quiescent endothelial cells. An agent will display
selectivity for activated or quiescent endothelial cells if it has
at least 5 to 100 times or greater preference for one cell type
over the other. Selectivity of an agent can be determined by
establishing its 1050 value, i.e. the concentration of the agent
which causes a 50% reduction in a measured activity. Alter-
natively, the selectivity of the agent can be determined by
establishing the EC50 value, i.e. the concentration of the
agent that is required to obtain 50% of its maximum effect in
Vitro or in vivo.

[0116] An agent will selectively interact with activated
endothelial cells due to the higher expression of a beta tubulin
isotype within those cells. Alternatively, an agent will selec-
tively interact with quiescent endothelial cells due to the
higher expression of a beta tubulin isotype within the quies-
cent cells.

[0117] Ithasbeen demonstrated that development of cancer
cell resistance to agents that target tubulin polymerisation
correlates with the overexpression of certain tubulin isotypes
(e.g. beta IIT expression correlates with resistance to pacli-
taxel). We hypothesise that the response to a therapeutic agent
by endothelial cells is also likely to be influenced by the level
of expression of certain tubulin isotypes, consequently
expression of tubulin isotypes, including beta tubulin iso-
types, can be predictive of agent efficacy.

[0118] Furthermore, given the diversity of pro-angiogenic
growth factors released by different tumour cells it is likely
that endothelial cells within different tumour types express
different tubulin isotypes that may correlate with tumour type
and/or stage of progression.

[0119] Therefore the present invention enables the use of a
differentially expressed beta tubulin isotype as a marker
which can be used to predict a response to a therapeutic and/or
to monitor disease progression.

[0120] Sinceendothelial cells play an integral role in angio-
genesis and/or vascular function, the present invention also
enables the use of a differentially expressed beta tubulin
isotype in methods for identifving an agent which can affect
these processes, and therefore have utility in the prophylaxis
or treatment of angiogenesis-related disorders or conditions.
[0121] The term “vascular function” as defined herein,
refers to the conductance of blood into and from various

Nov. 11, 2010

organs/tissues which are under normal or pathogenic circum-
stances. The term encompasses pre-established blood vessel
networks such as those present in established tumours, rather
than encompassing the formation of new blood vessels.

[0122] Theterm “angiogenesis” as used herein, refers to the
formation of new blood vessels (also referred to as neovas-
cularisation), and/or the increase in the volume, diameter or
length, or altering the permeability of existing blood vessels,
such as blood vessels in a tumour or between a tumour and
surrounding tissue.

[0123] The angiogenic process is highly dynamic, often
requiring coordinated spatial and temporal waves of gene
expression. Due to its complex nature, the process of angio-
genesis is subject to disruption through interference with one
or more critical steps, and numerous disease states or condi-
tions can result from, or be exacerbated by, an increase or
decrease in angiogenesis.

[0124] Examples of angiogenesis-related disorders or con-
ditions which are the result of uncontrolled or enhanced
angiogenesis, or in which decreased vasculature is of benefit,
include, but are not limited to, cancer, tumour growth and
tumour metastases which require neovascularization, age-
related macular degeneration (wet or dry form), diabetic ret-
inopathy and other proliferative retinopathies including ret-
inopathy of prematurity, retinal vascular disorders, macular
disorders, cardiovascular disease, capillary proliferation in
atherosclerotic plaques and osteoporosis, aberrant hypertro-
phy, arthritis, rheumatoid arthritis, osteoarthritis, chronic
articular rheumatism, psoriasis, psoriatic plaques, sarcoido-
sis, atherosclerosis, atherosclerotic plaques, oedema from
myocardial infarction, uveitis, retinitis, retinitis pigmentosa,
choroiditis, retrolental fibroplasia, neovascular glaucoma,
diabetic macular oedema, corneal neovascularization, cor-
neal graft neovascularization, corneal graft rejection, retinal/
choroidal neovascularization, neovascularization of the angle
(rubeosis), ocular neovascular disease, vascular restenosis,
arteriovenous malformations (AVM), meningioma, heman-
gioma, angiofibroma, thyroid hyperplasias (including
Grave’s disease), corneal and other tissue transplantation,
lung inflammation, acute lung injury/acute respiratory dis-
tress syndrome (ARDS), sepsis, hypertension (e.g., primary
pulmonary hypertension), malignant pulmonary effusions,
cerebral oedema (e.g., associated with acute stroke/closed
head injury/trauma), synovial inflammation, pannus forma-
tion in rheumatoid arthritis, myositis ossificans, hypertrophic
bone formation, refractory ascites, polycystic ovarian dis-
ease, endometriosis, 3rd spacing of fluid diseases (pancreati-
tis, compartment syndrome, burns, bowel disease), uterine
fibroids, premature labor, chronic inflammation such as
inflammatory bowel disease (Crohn’s disease and ulcerative
colitis), renal allograft rejection, nephrotic syndrome, undes-
ired or aberrant benign tissue mass growth, obesity, adipose
tissue mass growth, haemophilic joints, hypertrophic scars,
inhibition of hair growth, Osier-Weber syndrome, pyogenic
granuloma, retrolental fibroplasias, scleroderma, trachoma,
vascular adhesions, synovitis, dermatitis, preeclampsia,
ascites, pericardial effusion (such as that associated with peri-
carditis), pleural effusion, gastrointestinal ulceration, chronic
airway inflammation and vasculitis. For example, ocular
neovascularization has been implicated as the most common
cause of blindness in adults, and underlies the pathology of
approximately 20 eye diseases, including both the wet and
dry forms of macular degeneration. In diabetic retinopathy,
new capillaries formed in the retina invade the vitreous
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humour, causing bleeding and blindness. In certain previ-
ously-existing conditions such as rheumatoid arthritis and
osteoarthritis, newly-formed capillary blood vessels invade
the joints and destroy cartilage.

[0125] Examples of cancers may also include, without
limitation, transformed and immortalized cells, solid
tumours, myeloproliferative diseases, blastomas, squamous
cell cancer (e.g. epithelial squamous cell cancer), lung cancer
including small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung and squamous carcinoma of the
lung, cancer of the peritoneum, hepatocellular cancer, gastric
or stomach cancer including gastrointestinal cancer, pancre-
atic cancet, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer, colon
cancet, rectal cancet, colorectal cancer, endometrial or utet-
ine carcinoma, serous adenocarcinoma, endometrioid adeno-
carcinoma, clear cell adenocarcinoma, mucinous adenocat-
cinoma, Brenner tumour, teratoma, dysgerminoma,
choriocarcinoma, fibroma, granulosa cell tumour, Sertoli-
Leydig cell tumour, undifferentiated ovarian carcinoma, sali-
vary gland carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, anal carci-
noma, penile carcinoma, cancer of the head and/or neck,
Ewing’s sarcoma, hemangiosarcoma, Kaposi’s sarcoma,
liposarcoma, peripheral neuroepithelioma, synovial sarcoma,
Hodgkin’s disease, etc. as known in the art.

[0126] Examples of angiogenesis-related disorders or con-
ditions which are the result of inappropriately arrested or
decreased angiogenesis, or in which increased vasculature is
of benefit include, but are not limited to, wound healing, hair
growth, formation and growth of the corpus luteum during
pregnancy, restoration of tissue structure and function after
injury, ischemic limb disease, myocardial ischemia, and
coronary artery disease.

[0127] As used herein, the term “agent” includes, butis not
limited to, peptides, small organic compounds, antibodies,
and antisense/gene silencing agents.

[0128] Peptides may be in the form of peptide libraries
which can be screened without undue experimentation using
well known techniques. For example, assays for screening
peptide libraries for peptides which bind to a polypeptide
target are well known in the art (see U.S. Pat. Nos. 5,556,762,
5,750,373, 4,708,871, 4,833,092, 5,223,409, 5,403,484,
5,571,689, 5,663,143; and PCT Publication Nos. WO
84/03506 and WO84/03564).

[0129] Bacteriophage (phage) display libraries are com-
monly screened. Phage display is a technique by which vari-
ant polypeptides are displayed as fusion proteins to the coat
protein on the surface of bacteriophage particles (Scott J K
and Smith G P, 1990, Science 249: 386). The utility of phage
display lies in the fact that large libraries of selectively ran-
domized protein variants (or randomly cloned cDNAs) can be
rapidly and efficiently sorted for those sequences which bind
to a target molecule with high affinity.

[0130] Although most phage display methods use filamen-
tous phage, lambdoid phage display systems, T4 phage dis-
play systems and T7 phage display systems are also known in
the art. Many other improvements and variations of the basic
phage display concept have also been developed. These
improvements enhance the ability of display systems to
screen peptide libraries for binding to selected target mol-
ecules and to display functional proteins with the potential of
screening these proteins for desired properties.
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[0131] Anagentinthe form of anantibody can be identified
by screening antibody phage libraries. Phage can be utilized
to display antigen-binding domains expressed from a reper-
toire or combinatorial antibody library (e.g., human or
murine). Phage expressing an antigen binding domain that
binds the antigen of interest, e.g. a differentially expressed
beta tubulin isotype, can be selected or identified with anti-
gen, e.g., using labeled antigen or antigen bound or captured
to a solid surface or bead. Phage used in these methods are
typically filamentous phage including fd and M13 binding
domains expressed from phage with Fab, Fv or disulfide
stabilized Fv antibody domains recombinantly fused to either
the phage gene 111 or gene VIII protein. Exemplary methods
are set forth, forexample in U.S. Pat. No. 5,969,108. In phage
display methods, functional antibody domains are displayed
on the surface of phage particles which carry the polynucle-
otide sequences encoding them. In particular, DNA
sequences encoding V,, and V regions are amplified from
animal ¢cDNA libraries or synthetic cDNA libraries. After
phage selection, the antibody coding regions from the phage
can be isolated and used to generate whole antibodies, includ-
ing human antibodies, or any other desired antigen binding
fragment,

[0132] Small organic compounds are usually less than
about 2000 daltons in size, alternatively less than about 1500,
750, 500, 250 or 200 daltons in size. Small organic com-
pounds may include, but are not limited to, aldehydes,
ketones, oximes, hydrazones, semicarbazones, carbazides,
primary amines, secondary amines, tertiary amines, N-sub-
stituted hydrazines, hydrazides, alcohols, ethers, thiols, thio-
ethers, disulfides, carboxylic acids, esters, amides, ureas, car-
bamates, carbonates, ketals, thioketals, acetals, thioacetals,
ary! halides, aryl sulfonates, alkyl halides, alkyl sulfonates,
aromatic compounds, heterocyclic compounds, anilines, alk-
enes, alkynes, diols, amino alcohols, oxazolidines, oxazo-
lines, thiazolidines, thiazolines, enamines, sulfonamides,
epoxides, aziridines, isocyanates, sulfonyl chlorides, diazo
compounds, acid chlorides, or the like.

[0133] Small organic compounds as part of chemical librar-
ies may be screened, or may be synthesized using known
methodology (for example see PCT Publication Nos. WO00/
00823 and WQ00/39585). Techniques for screening small
organic compound libraries that are capable of binding to a
polypeptide target are well known in the art (see PCT Publi-
cation Nos. WO00/00823 and WO00/39585).

[0134] Antisense/gene silencing agents include antisense
oligonucleotides, and antisense RNAs such as short interfer-
ing RNA (siRNA) molecules. As will be understood by the
person skilled in the art, an siRNA is a short sequence of RNA
which is the complement of a segment of a transcribed RNA
and consequently binds thereto, and, in so doing, modulates
or silences expression of a gene in question.

[0135] An siRNA molecule used to modulate or silence a
gene in question may be in the form of single-stranded anti-
sense, double-stranded antisense or double-stranded anti-
sense with chemical modifications.

[0136] As used herein, the terms “inhibit” or “promote”, or
“inhibiting” or “promoting”, are taken to mean the ability of
an identified agent to cause an overall decrease or increase,
respectively, preferably of 20% or greater, more preferably of
50% or greater, and most preferably of 70%, 75%, 85%., 90%,
95%, or greater.

[0137] In the context of angiogenesis and vascular func-
tion, “inhibit” or “promote” can refer to the size or number of
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blood vessels, the amount of blood vessel formation in angio-
genic-related disorders, including vascular-related tumour
growth, or the presence or size of metastases in cancer.
[0138] The ability of an agent to inhibit or promote angio-
genesis and/or vascular function, or to selectively interact
with activated or quiescent endothelial cells, can be measured
by any method known in the art. For example assays which
test for the effect that an agent has on one or more functional
properties of the cells can be used. With respect to angiogen-
esis, such methods may exploit the cycle through which
endothelial cells proceed during vessel formation, including
proliferation, migration and capillary tube formation. With
respect to vascular function, such methods may assay for the
effect of an agent on established capillaries through use of
capillary disruption assays. Other assays may examine the
effect of an agent on the process of capillary tube formation
on an extracellular basement membrane. For a recent review
of appropriate assays, see Staton C A et al., (2004), Int. J.
Fath. 85: 233-248.

[0139] By way of example only, in vitro methods for exam-
ining the extent of inhibition or promotion of angiogenesis or
vascular function may include endothelial cell and/or cancer
cell and/or cancer cell line proliferation assays which deter-
mine net cell number, or assays which evaluate cell-cycle
kinetics. Net cell number can be measured using a haemocy-
tometer, or through measurement of the amount of formazan
product produced from cleavage of 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide by mitochondria
present in living cells (Denizot F and Lang R, 1986, J. Immu-
nol. Methods 89: 271-277; Wemme H et al., 1992, Immuno-
biology 185: 78-79). Alternatively, DNA synthesis is a mea-
sure of cell proliferation, and can be assayed by thymidine
incorporation in endothelial cells, or by DNA-binding dyes.
Cell-cyclekinetics is typically evaluated by using DNA-bind-
ing molecules such as bromodeoxyuridine coupled with flow
cytometric analysis.

[0140] Endothelial cell migration assays measure the
extent of endothelial cell chemotaxis in the presence of an
agent. For example, modified Boyden chamber assays may be
used (Alessandri G et al., 1983, Cancer Res. 43: 1790-1797),
in which activated or quiescent endothelial cells are plated on
top of a filter, and the extent of cell migration across the filter
is measured in the presence of an agent which is placed in the
lower chamber. Inhibition of the migration of activated endot-
helial cells across the filter indicates that the agent is anti-
angiogenic in nature, whereas migration of quiescent cells
across the filter indicates that the agent is pro-angiogenic in
nature.

[0141] Endothelial cell migration into a denuded area on a
surface can also be measured. Such a method is typically
referred to as the scratch wound healing assay. In this assay,
endothelial cell monolayers are prepared and a portion of the
monolayer is scraped clear, 1.e. wounded, of endothelial cells.
The ability of the cells to migrate and fill the denuded area in
the presence of an agent being tested can then be monitored
microscopically (Pepper MS et al., 1990, J. Cell Biol. 111:
743-755).

[0142] In vitro methods that assay for the formation of
capillary-like tubules by endothelial cells are also suitable for
evaluating inhibition or promotion of angiogenesis by an
agent or for measuring the ability of an agent to selectively
interact with activated or quiescent endothelial cells. Such
differentiation assays usually involve the culturing of endot-
helial cells on matrices consisting of fibrin, collagen or Matri-
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gel, which stimulate the attachment, migration and differen-
tiation of endothelial cells into tubules in a manner that
approximates the in vivo situation (Lawley T J and Kubota Y,
1989, J. Invest. Dermatol. 93: 59S-61S; Kanzawa S, 1993,
Ann. Plast. Surg. 30: 244-251).

[0143] Organ culture assays, such as the aortic ring assay
(Nicosia R F and Ottinetti A, 1990, Lab. Invest. 63: 115-122)
and the chick aortic arch assay (Muthukkaruppan V R et al.,
2000, Proc. Am. Assoc. Cancer Res. 41: 65), may also be
used. In the rat aortic ring assay, an isolated rat aorta is cut into
segments which are placed in culture, generally in a matrix-
containing environment such as Matrigel. Over the next 7-14
days, the explants are monitored for the outgrowth of endot-
helial (and other) cells as this is affected by the addition oftest
agents. Quantification is achieved by measurement of the
length and abundance of vessel-like extensions from the
explant. Use of endothelium-selective reagents such as fluo-
rescein-labeled BSL-I allows quantification by pixel counts.
[0144] Invitro cell-based assays, including those described
above may, may employ endothelial cells which have been
appropriately cultured to represent an activated or quiescent
endothelial cell source, or may employ endothelial cells
which have been stably transformed with recombinant
nucleic acid molecules which over-express a beta tubulin
isotype. For example, a cell-line which over-expresses beta
tubulin will be representative of activated endothelial cells.
Similarly, a cell-line which over-expresses beta III tubulin
will be representative of quiescent endothelial cells.

[0145] By way of example only, in vivo methods for exam-
ining the extent of inhibition or promotion of angiogenesis
may include the subcutaneous implantation of a polymer
matrix, for example in the form of a sponge or Matrigel plug,
into an animal such as a mouse (Plunkett M T and Hailey T A,
1990, Lab. Invest. 62: 510-517; Dellian M et al., 1996, Am. J.
Pathol. 149: 59-72). For measuring the extent of inhibition of
angiogenesis, the matrix is impregnated with one or more
angiogenesis-inducing factors together with an agent being
tested. The extent of neovascularistion in the presence of the
agent can then be assessed by a variety of methods commonly
known in the art, such as immunohistological staining (for
example the integrin status of vessels in the sponge, or detec-
tion of the CD31 antigen, a marker of angiogenesis); the
blood/haemoglobin content of the sponge; or the levels of
radioactive tracer in the blood (Mahadevan V et al., 1989,
Cancer Res. 49:415-419; Plunkett M [ and Hailey J A, 1990,
Lab. Invest. 62: 510-517). For measuring the ability of an
agent to promote angiogenesis, angiogenesis-inducing fac-
tors are omitted from the matrix, and again the extent of
neovascularisation is examined.

[0146] The chick choricallantoic membrane assay
(Nguyen M et al., 1994, Microvasc. Res. 47: 31-40; Ribatti D
et al., 1996, Int. J. Dev. Biol. 40: 1189-1197), commonly
referred to as the CAM assay, is also an appropriate in vivo
assay for studying angiogenesis. An agent to be tested is first
prepared either in slow-release polymer pellets, absorbed by
gelatin sponges, or air-dried onto plastic discs. The pellets,
sponges or discs may also comprise one or more angiogen-
esis-inducing factors, such as VEGF or basic fibroblast
growth factor, depending on whether the agent is being tested
for its ability to inhibit or promote angiogenesis. These are
then implanted on to the CAM through a window cut in the
shell of an embryonated chicken egg. After a suitable incu-
bation period, the amount of blood vessel formation in the
CAM in the presence of the agent can then be assessed using
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a stereomicroscope. A variation of this technique may also be
used, in which shell-less chicken embryos are cultured in
petri dishes prior to applying the agent.

[0147] Other suitable in vivo methods include the corneal
angiogenesis assay (Gimbrone M A T et al., 1974, J. Natl.
Caner Inst. 52: 413-427; MuthukkaruppanV R and Auerbach
R, 1979, Science 205: 1416-1418) such as the rabbit corneal
pocket assay, the dorsal air sac model (Oikawa T et al., 1997,
Anticancer Res. 17: 1881-1886; Yonekura K etal., 1999, Clin.
Cancer Res. 5:2185-2191; Semba T etal., 2004, Clin. Cancer
Res. 10: 1430-1438), and chamber assays such as the rabbit
ear chamber (Dudar T E and Jain R K, 1983, Microvasc. Res.
25:1-21; Gerlowski L and Jain R K, 1986, Microvasc. Res.
31: 288-305), dorsal skin chamber (Leunig M et al., 1992,
Cancer Res. 62: 6553-6560; Dellian M et al., 1996, Am. J.
Pathol. 149: 59-72), and cranial window assay (Levasseur J E
etal., 1975, Stroke 6: 308-317).

[0148] Tumour models can also serve as suitable in vivo
systems to examine the inhibition of angiogenesis and/or
vascular function by an agent. Tumours can be grown in a
suitable host syngeneically, orthotopically (in the tissue of
origin), or as xenografts in immunodefficient mice, and the
effect of an agent on tumour growth and host survival deter-
mined (Stribbling S M et al., 2000, Hum. Gene. Ther. 11:
285-292; Brown N Jetal., 2002, Br. J. Cancer 86: 1813-1816;
Tercel M et al., 2003, J. Medicinal. Chem. 46: 2132-2151;
Staton C A et al., 2004, Blood 103: 601-606). The growth of
tumours beyond a certain size is dependent on the develop-
ment of blood vessels (i.e. angiogenesis), which serve to feed
the tumour oxygen and nutrients, and remove waste products.
Histological assays can therefore be used to assess the effects
of an agent on the formation of these new vessels in tumour
models.

[0149] The ability of an agent to inhibit or promote angio-
genesis and/or vascular function, or to selectively interact
with an activated or quiescent endothelial cell, can also be
measured by assessing the effect of the agent on tubulin
polymerisation in vitro. Suitable tubulin polymerisation
assays are known in the art and are commercially available,
for example the tubulin polymerisation kit from Cytoskel-
eton, Inc.

[0150] Essentially, the ability of tubulin to polymerize into
microtubules in the presence of an agent can be followed by
observing an increase in optical density of a tubulin solution
at OD340 nm or by a change in the fluorescence. The absor-
bance-based assay (Shelanski M L et al., 1973, PNAS 70:
765-768) actually measures light scatter, wherein the greater
the light scatter the less light reaches the detector. This assay
is less sensitive to short microtubule formation which is
under-represented in the initial stages of polymerization.

[0151] The fluorescence based assay (Bonne D et al., 1985,
J. Biol. Chem. 280(5): 2819-2825) uses the fluorophore
DAPI, which preferentially binds to the microtubule confor-
mation of microtubules compared to the un-polymerized
tubulin monomers.

[0152] Bothassay formats create a similar kinetic polymer-
ization profile. This profile is represented by a nucleation
phase corresponding to the aggregation of tubulin monomers
into protofilament or ring-like structures. These nucleation
centres create a framework for more specific aggregation that
elongates the protofilaments and closes a cylinder called the
microtubule. Further microtubule elongation is represented
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by the polymerization phase, and when equilibrium is
reached between the monomer and microtubule, the phase is
referred to as the steady state.

[0153] There are a number of types of tubulin ligands. For
example, there are those which bind to the monomer and
inhibit its polymerization (e.g. vinblastine), and those which
enhance polymerization (e.g. paclitaxel). Enhancing ligands
decrease the nucleation phase, and increase the rate and
extent of polymerization, i.e. a higher steady state value. In
the case of monomer-binding ligands which inhibit polymer-
ization, all phases are oppositely affected. Other tubulin
ligands are distinguished based on their site of binding to
tubulin. Differences in the amino acid sequence between
tubulin isotypes at the site of binding of the agent will influ-
ence the affinity of the binding agent for a particular tubulin
isotype.

[0154] The ability of an agent to inhibit or promote angio-
genesis and/or vascular function, or to selectively interact
with activated or quiescent endothelial cells, can also be
measured using tubulin binding assays. For example, acti-
vated or quiescent endothelial cells, a cell-line over-express-
ing a beta tubulin isotype, or a differentially expressed beta
tubulin isotype polypeptide, can be used to measure for the
formation of complexes between an agent being tested and
the relevant beta tubulin isotype.

[0155] Themethods of the present invention are suitable for
high-throughput screening.

[0156] Agents which selectively interact with activated
endothelial cells and affect their function, and/or agents
which bind to a beta tubulin isotype which shows increased
expression in these cells (e.g. beta I tubulin) is considered an
agent which may inhibit angiogenesis and/or vascular func-
tion, and therefore can be used for the treatment or prophy-
laxis of an angiogenesis-related disorder or condition which
results from uncontrolled or enhanced angiogenesis, or a
disease or condition in which decreased vasculature is of
benefit. Similarly, agents which selectively interact with qui-
escent endothelial cells and affect their function, and/or
agents which bind to a beta tubulin isotype which shows
increased expression in these cells (e.g. beta III tubulin) is
considered an agent which may promote angiogenesis and/or
vascular function and therefore can be used for the treatment
or prophylaxis of an angiogenesis-related disorder or condi-
tion which results from inappropriately arrested or decreased
angiogenesis, or a disease or condition in which increased
vasculature is of benefit.

[0157] The terms “treatment” and “prophylaxis” mean
affecting a subject, tissue or cell to obtain a desired pharma-
cological and/or physiological effect and include:

[0158] (a) preventing the disorder or condition from occur-
ring in a subject that may be predisposed to the disorder, but
has not yet been diagnosed as having it;

[0159] (b) inhibiting the disorder or condition, i.e., arrest-
ing its development; or

[0160] (c) relieving or ameliorating the effects of the dis-
order or condition, i.e., cause regression of the effects of the
disorder or condition.

[0161] The term “subject” as used herein refers to any
animal having a disorder or condition which requires treat-
ment or prophylaxis with a pharmaceutically-active agent.
The subject may be a mammal, preferably a human, or may be
a non-human primate or a non-primate animal such as those
used in animal model testing. While it is particularly contem-
plated that the agents of the invention are suitable for use in
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medical treatment of humans, it is also applicable to veteri-
nary treatment, including treatment of companion animals
such as dogs and cats, and domestic animals such as horses,
ponies, donkeys, mules, llama, alpaca, pigs, cattle and sheep,
or 7oo animals such as primates, felids, canids, bovids and
ungulates.

[0162] It will be appreciated that agents which are identi-
fied by the methods described herein are within the scope of
the invention.

[0163] Throughout this specification, unless the context
requires otherwise, the word “comprise”, or variations such
as “comprises” or “comprising”, will be understood to imply
the inclusion of a stated element or integer or group of ele-
ments or integers but not the exclusion of any other element or
integer or group of elements or integers.

[0164] It must also be noted that, as used in the subject
specification, the singular forms “a”, “an” and “the” include
plural aspects unless the context clearly dictates otherwise.
[0165] Itwill beapparent to the person skilled in the art that
while the invention has been described in some detail for the
purposes of clarity and understanding, various modifications
and alterations to the embodiments and methods described
herein may be made without departing from the scope of the
inventive concept disclosed in this specification.

Examples

[0166] Theinvention is further described in detail by refer-
ence to the following experimental examples. These
examples are provided for purposes of illustration only, and
are not intended to be limiting unless otherwise specified.
Thus, the invention encompasses any and all variations which
become evident as a result of the teaching provided herein.

Example 1

[0167] Theexpressionof tubulin isotypes beta I and beta I11
was examined at the transcriptional and translational level in
activated and quiescent endothelial cells.

[0168] Human umbilical vein endothelial cells (HUVECs)
were cultured overnight either in the presence (activated) or
absence (quiescent) of growth factors. For example, for acti-
vated cells HUVECs were seeded at 6.25x10° cells/T75 flask
in EGM-2 medium with growth supplements (Clonetics,
USA, Basal EBM-2 medium, hEGF, Hydrocortisone,
GA-1000 (gentamicin, amphotericin-B), 2% fetal bovine
serum, vascular endothelial growth factor, human fibroblast
growth factor-beta, R® -insulin growth factor-1, Ascorbic
acid, Heparin). For quiescent cells, HUVEC were seeded at
3.75x10° in EBM-2 basal medium (Basal EBM-2 medium,
0.1% GA-1000 (gentamicin, amphotericin-B), 0.5% FBS)
with no growth supplements. Respective culture media were
replaced the following day. Cells were incubated at 37° C.,
5% CO, with humidity for 48 hours before harvesting.
[0169] For the transcriptional analysis, total RNA was 1s0-
lated from quiescent and activated cells using the RNeasy
Mini kit (Qiagen) according to the manufacturer’s instruc-
tions. The isolated RNA was also treated with TURBO
DNase (Ambion, Austin, Tex., USA) to remove genomic
DNA contamination. Total RNA (1 pg/ul) was reverse tran-
scribed using M-MLVH (Promega) according to the manu-
facturer’s directions. Real-Time PCR was run on the Rotor-
Gene™ 2000 (Corbett Research). Primers used to detect
expression of beta I tubulin were forward 5'-CCC CAT ACA
TAC CTT GAG GCG A-3' and reverse 5-GCC AAA AGG
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ACC TGA GCG AA-3, beta I1I tubulin 5'-ATG AGG GAG
ATC GTG CAC AT-3'and 5'-CCC CTG AGC GGA CAC
TGT-3". PCR reactions used

[0170] AmpliTaq Gold enzyme (Applied Biosystems) and
followed the manufacturer’s instructions. Cycling conditions
were typically 94° C. for 12 minutes, 35 cycles of 94° C. for
453,60°C. for 60s,72° C. for 60, for 35 cycles followed by
10 minute final extension at 72° C. All data were normalised
to the expression of the housekeeping gene POLR2K (RNA
polymerase II), which was amplified using the primers
5-AGG GGC TAA CAA TGG ACA CC-3'and 5-CCG AAG
ATA AGG GGG AAC TAC T-3".

[0171] For the translational analysis, protein was harvested
from quiescent and activated cells using the following proce-
dure. Cells were washed twice with PBS. Cells were lysed by
incubation in modified RIPA buffer (50 mM Tris-HCI, pH
7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1
mM EDTA, Ix complete protease inhibitors (Roche)) with
agitation at 4° C. for 15 minutes. Lysed cells were then
centrifuged at 13000 rpm for 15 minutes and the supernatant
collected.

[0172] The relative abundance of beta I tubulin and beta I11
tubulin was determined by densitometry of Western analysis
using beta I- and beta I1l-specific antibodies respectively, and
normalising to the abundance of a beta-actin control. Briefly,
samples were prepared as follows: 5-10 jig total protein was
electrophoresed using the NuPAGE® electrophossis system
(Invitrogen, Carlsbad, Calif., USA). Proteins were electro-
phoresed on a NuPAGE® 4-12% Bis-tris Precast Polyacry-
lamide gel at 135V for 70 minutes in NuPAGE® MES SDS
Running Buffer (Invitrogen) (Appendix 6.2). After electro-
phoresis, the proteins were transferred to Amersham
Hybond™-C Extra nitrocellulose membrane (GE Health-
care, United Kingdom) at 30V for 60 minutes in transfer
buffer. Membranes were then blocked in 5% skim milk/
TBS-T overnight at 4° C. or 1 hour at room temperature.
Membranes were washed 3 times in TBS-T, 5 minutes per
wash. Membranes were then incubated in 1:500-1-50,000
dilution of specific antibodies; either anti-beta 1 tubulin
(T7816, Sigma), anti-beta Il tubulin (MMS-43 5P, Canvance)
or anti beta-actin (A11126, Molecular Probes) for 60 minutes
at room temperature or overnight at 4° C., antibodies were
diluted in 5% skim milk/TBS-T or TBS-T. Membranes were
washed 3 times in TBS-T for 5 minutes. Membranes were
then incubated in 1:5,000 dilution of sheep anti-mouse horse-
radish peroxidase (HRP) conjugate (AP326P, Silenus, Mel-
bourne, Australia) in 5% skim milk/TBS-T or TBS-T for 60
minutes. Membranes were washed 3 times in TBS-T (Appen-
dix 6.2), 5 minutes per wash. Blots were developed using
Amersham ECL Plus™ Western Blotting Detection Reagent
(GE Healthcare, United Kingdom) according to manufactur-
er’s instructions. Blots were visualised on the ImageMaster
VDS-CL using the chemiluminescence sample tray (GE
Healthcare, United Kingdom). Bands were quantified using
image-J (NIH, USA) software, normalising to the abundance
of beta-actin.

[0173] AscanbeseeninFIG. 1, activated HUVEC show an
increase in beta I tubulin RNA (A) and protein (B) when
compared to quiescent HUVEC. Furthermore, as shown in
FIG. 2, quiescent HUVEC show increased beta I1I tubulin
RNA (A) and protein (B) when compared to activated
HUVEC.

Example 2

[0174] Theexpression of tubulin isotypes beta I and beta I11
was examined during capillary tube formation on a Matrigel
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matrix. 35 mm?® wells of a microtitre plate were coated with
250 pl of matrigel (BD Bioscences) and incubated at 37° C.
for 20 minutes. A second coat of 250 pl of matrigel was
applied and then incubated at 37° C. for 20 minutes. HUVECs
were seed at 3.33x10° cell per well. Cells were harvested at 0,
3, 6, 24 and 32 hrs. Cells were detached from matrigel by
incubation with 40 caseinolytic units of dispase (BD bio-
sciences) at 37° C. for 2 hours. The reaction was stopped by
raising the EDTA concentration to 6.5 mM. Protein was then
harvested and analysed via western blot as described above in
Example 1.

[0175] FIG. 3A shows the extent of capillary tube forma-
tion at the time points 0, 3, 6, 24 and 32 hours. Endothelial
cells are in the process of forming capillaries at the 0, 3 and 6
hour time points. Capillaries have formed by the 24 and 32
hour time points. As shown in FIG. 3B, HUVEC which are in
the process of forming capillaries show an increase in beta I
tubulin compared to cells which have formed capillaries and
are in a resting or quiescent state. Furthermore, as shown in
FIG. 3C, HUVEC that have formed capillaries and are resting
show an increase in beta III tubulin when compared to the
levels of beta 111 in cells which are still forming capillaries,
i.e. are in an activated state.

1. (canceled)

2. (canceled)

3. (canceled)

4. (canceled)

5. (canceled)

6. (canceled)

7. (canceled)

8. (canceled)

9. (canceled)

10. (canceled)

11. (canceled)

12. A method of identifying an agent which (a) selectively
interacts with activated or quiescent endothelial cells or (b)
selectively interacts with activated endothelial cells or quies-
cent endothelial cells, comprising:

(a) providing a beta tubulin isotype which is differentially
expressed between activated endothelial cells and qui-
escent endothelial cells;

(b) adding a candidate agent to the beta tubulin isotype in
(a); and

(¢) assaying for the binding of the candidate agent to the
beta tubulin isotype,

wherein a candidate agent which binds to the beta tubulin
isotype, is an agent which (a) inhibits or promotes angio-
genesis and/or vascular function or (b) selectively inter-
acts with activated endothelial cells or quiescent endot-
helial cells.

13. A method according to claim 12, wherein expression of
the beta tubulin isotype is higher in activated endothelial cells
when compared to quiescent endothelial cells, and the
method identifies an agent which (a) inhibits angiogenesis
and/or vascular function or (b) selectively interacts with acti-
vated endothelial cells.

14. A method according to claim 12, wherein expression of
the beta tubulin isotype is higher in quiescent endothelial cells
when compared to activated endothelial cells, and the method
identifies an agent which (a) promotes angiogenesis and/or
vascular function or or (b) selectively interacts with quiescent
endothelial cells.
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15. A method of identifying an agent which (a) inhibits
anqiogenesis and/or vascular function or (b) selectively intet-
acts with activated endothelial cells, comprising:

(a) providing activated endothelial cells;

(b) adding a candidate agent to the cells in (a); and

(c) assaying for the binding of the candidate agent to a beta

tubulin isotype which has higher expression in the acti-
vated endothelial cells when compared to expression in
quiescent endothelial cells,

wherein a candidate agent which binds to the beta tubulin

isotype, is an agent which (a) inhibits angiogenesis and/
or vascular function or (b) selectively interacts with
activated endothelial cells.

16. A method of identifying an agent which (a) promotes
angiogenesis and/or vascular function or (b) selectively inter-
acts with quiescent endothelial cells, comprising:

(a) providing quiescent endothelial cells;

(b) adding a candidate agent to the cells in (a); and

(c) assaying for the binding of the candidate agent to a beta

tubulin isotype which has higher expression in the qui-
escent endothelial cell when compared to expression in
activated endothelial cells,

wherein a candidate agent which binds to the beta tubulin

isotype, is an agent which (a) promotes angiogenesis
and/or vascular function or (b) selectively interacts with
quiescent endothelial cells.

17. A method of identifying an agent which (a) inhibits
angiogenesis and/or vascular function or (b) selectively inter-
acts with activated endothelial cells, comprising:

(a) providing activated endothelial cells;

(b) adding a candidate agent to the cells in (a); and

(c) determining the effect of the candidate agent on a func-

tional property of the cells,

wherein a candidate agent which alters a functional prop-

erty of the cells, is an agent which (a) inhibits angiogen-
esis and/or vascular function or (b) selectively interacts
with activated endothelial cells.

18. A method of identifying an agent which (a) promotes
angiogenesis and/or vascular function or (b) selectively inter-
acts with quiescent endothelial cells, comprising:

(a) providing quiescent endothelial cells;

(b) adding a candidate agent to the cells in (a); and

(c) determining the effect of the candidate agent on a func-

tional property of the cells,

wherein a candidate agent which alters a functional prop-

erty of the cells, is an agent which (a) promotes angio-
genesis and/or vascular function or (b) selectively inter-
acts with quiescent endothelial cells.

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. A method according to claim 1 wherein a functional
property of the cells includes any one or more of:

(a) proliferation of the cells;

(b) migration of the cells;

(c) the ability of the cells to form capillaries;

(d) the ability of the cells to participate in angiogenesis;

(e) the ability of the cells to maintain cell-to-cell contact;

(D) the ability of the cells to sustain functional blood ves-

sels; and
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(g) the ability of a beta tubulin isotype present within the
cell to polymerise when in the presence of an alpha
subunit.

27. A method according to claim 13 wherein the beta

tubulin isotype is beta I tubulin.

28. A method according to claim 14 wherein the beta

tubulin isotype is beta III tubulin.

29. An agent when identified by a method according to

claim 12.

30. A method according to of claim 18 wherein a functional

property of the cells includes any one or more of:

(a) proliferation of the cells;

(b) migration of the cells;

(¢) the ability of the cells to form capillaries;

(d) the ability of the cells to participate in angiogenesis;
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(e) the ability of the cells to maintain cell-to-cell contact;
() the ability of the cells to sustain functional blood ves-
sels; and
(2) the ability of a beta tubulin isotype present within the
cell to polymerise when in the presence of an alpha
subunit.
31. A method according to claim 15 wherein the beta
tubulin isotype is beta [ tubulin.
32. A method according to claim 17 wherein the beta
tubulin isotype is beta [ tubulin.
33. A method according to claim 16 wherein the beta
tubulin isotype is beta III tubulin.
34. A method according to claim 18 wherein the beta
tubulin isotype is beta III tubulin.

#® ok ok ok ok
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