
ANTIBODIES DIRECTED TO ANGIOPOIETIN-2 AND USES THEREOF
[0001] This application claims benefit to U.S.
Provisional Application Serial No. 60/638,354, filed
December 21, 2004, and U.S. Provisional Application
Serial No. 60/71 1,289, filed August 25, 2005, which
are incorporated herein by reference. FIELD [0002] The
invention relates to monoclonal antibodies against
Angiopoietin-2 (Ang-2) and uses of such antibodies.
More specifically, the invention relates to fully
human monoclonal antibodies directed to Ang-2 and uses
of these antibodies. Aspects of the invention also
relate to hybridomas or other cell lines expressing
such antibodies. The described antibodies are useful
as diagnostics and for the treatment of diseases
associated with the activity and/or overproduction of
Ang-2. BACKGROUND [0003] Angiogenesis is the process
of forming new capillaries from preexisting blood
vessels and is an essential component of
embryogenesis, normal physiological growth, repair,
and tumor expansion. Although a variety of factors can
modulate endothelial cell (EC) responses in vitro and
blood vessel growth in vivo, only vascular endothelial
growth factor (VEGF) family members and the
angiopoietins are believed to act almost exclusively
on vascular ECs. Yancopoulos et al, Nature 407:242- 48
(2000). [0004] The angiopoietins were discovered as
ligands for the Ties, a family of tyrosine kinases
that is selectively expressed within the vascular
endothelium. Yancopoulos et al, Nature 407:242-48
(2000). There are now four definitive members of the
angiopoietin family. Angiopoietin-3 and -4 (Ang-3 and
Ang-4) may represent widely diverged counterparts of
the same gene locus in mouse and man. Kim et al, FEBS
Let, 443:353-56 (1999); Kim et al, J Biol Chem
274:26523-28 (1999). Ang-1 and Ang-2 were originally
identified in tissue culture experiments as agonist
and antagonist, respectively. Davis et al, Cell
87:1161-69 (1996); Maisonpierre et al, Science 277:55-
60 (1997). All of the known angiopoietins bind
primarily to Tie2, and both Ang-1 and -2 bind to Tie2
with an affinity of 3 nM (Kd). Maisonpierre et al,
Science 277:55-60(1997). Ang-1 was shown to support EC
survival and to promote endothelium integrity, Davis
et al, Cell 87:1161-69 (1996); Kwak et al., FEBS Lett
448:249-53 (1999); Suri et al, Science 282:468-71
(1998); Thurston et al, Science 286: 2511-14 (1999);
Thurston et al, Nat. Med. 6:460-63 (2000), whereas
Ang-2 had the opposite effect and promoted blood
vessel destabilization and regression in the absence
of the survival factors VEGF or basic fibroblast
growth factor. Maisonpierre et al, Science 277:55-60
(1997). However, many studies of Aiig-2 function have
suggested a more complex situation. Ang-2 might be a
complex regulator of vascular remodeling that plays a
role in both vessel sprouting and vessel regression.
Supporting such roles for Ang-2, expression analyses
reveal that Ang-2 is rapidly induced, together with
VEGF, in adult settings of angiogenic sprouting,
whereas Ang-2 is induced in the absence of VEGF in
settings of vascular regression. Holash et al, Science
284:1994-98 (1999); Holash et al, Oncogene 18:5356-62
(1999). Consistent with a context-dependent role,
Ang-2 binds to the same endothelial-specif  c
receptor, Tie-2, which is activated by Ang-1, but has
context-dependent effects on its activation.
Maisonpierre et al, Science 277:55-60 (1997). [0005]
Corneal angiogenesis assays have shown that both Ang-1
and Ang-2 had similar effects, acting synergistically
with VEGF to promote growth of new blood vessels.
Asahara et al, Circ. Res. 83:233-40 (1998). The
possibility that there was a dose-dependent
endothelial response was raised by the observation
that in vitro at high concentration, Ang-2 can also be
pro-angiogenic. Kim et al, Oncogene 19:4549-52 (2000).
At high concentration, Ang-2 acts as an apoptosis
survival factor for endothelial cells during serum
deprivation apoptosis through activation of Tie2 via
PI-3 kinase and Akt pathway. Kim et al, Oncogene
19:4549-52 (2000). [0006] Other in vitro experiments
suggested that during sustained exposure, the effects
of Ang-2 may progressively shift from that of an
antagonist to an agonist of Tie2, and at later time
points, it may contribute directly to vascular tube
formation and neovessel stabilization.
Teichert-Kuliszewska et al, Cardiovasc. Res. 49:659-70
(2001). Furthermore, if ECs were cultivated on fibrin
gel, activation of Tie2 with Ang-2 was also observed,
perhaps suggesting that the action of Ang-2 could
depend on EC differentiation state.
Teichert-Kuliszewska et al, Cardiovasc. Res. 49:659-70
(2001). In microvascular EC cultured in a
three-dimensional collagen gel, Ang-2 can also induce
Tie2 activation and promote formation of
capillary-like structures. Mochizuki et al, J. Cell.
Sd. 



115:175-83 (2002). Use of a 3-D spheroidal coculture
as an in vitro model of vessel maturation demonstrated
that direct contact between ECs and mesenchymal
cellsabrogates responsiveness to VEGF, whereas the
presence of VEGF and Ang-2 induced sprouting. Korff et
al, Faseb J. 15:447-57 (2001). Etoh et al demonstrated
that ECs that constitutively express Tie2, the
expression of MMP-I, -9 and u-PA were strongly
upregulated by Ang-2 in the presence of VEGF. Etoh, et
al, Cancer Res. 61:2145-53 (2001). With an in vivo
pupillary membrane model, Lobov et al. showed that
Ang-2 in the presence of endogenous VEGF promotes a
rapid increase in capillary diameter, remodeling of
the basal lamina, proliferation and migration of
endothelial cells, and stimulates sprouting of new
blood vessels. Lobov et al, Proc. Natl. Acad. Sd. USA
99:11205-10 (2002). By contrast, Ang-2 promotes
endothelial cell death and vessel regression without
endogenous VEGF. Lobov et al, Proc. Natl. Acad. Sd.
USA 99:11205-10 (2002). Similarly, with an in vivo
tumor model, Vajkoczy et al demonstrated that
multicellular aggregates initiate vascular growth by
angiogenic sprouting via the simultaneous expression
of VEGFR-2 and Ang-2 by host and tumor endothelium.
Vajkoczy et al, J. CHn. Invest. 109:777-85 (2002).
This model illustrated that the established
microvasculature of growing tumors is characterized by
a continuous remodeling, putatively mediated by the
expression of VEGF and Ang-2. Vajkoczy et al, J. Clin.
Invest. 109:777-85 (2002). [0007] Knock-out mouse
studies of Tie-2 and Angiopoietin-1 show similar
phenotypes and suggest that Angiopoietin-l stimulated
Tie-2 phosphorylation mediates remodeling and
stabilization of developing vessel, promoting blood
vessel maturation during angiogenesis and maintenance
of endothelial cell-support cell adhesion (Dumont et
al, Genes & Development, 8:1897-1909 (1994); Sato,
Nature, 376:70-74 (1995); (Thurston, G. et al., 2000
Nature Medicine: 6, 460-463)). The role of
Angiopoietin-1 is thought to be conserved in the
adult, where it is expressed widely and constitutively
(Hanahan, Science, 277:48-50 (1997); Zagzag, et al,
Exp Neurology, 159:391-400 (1999)). In contrast,
Angiopoietin-2 expression is primarily limited to
sites of vascular remodeling where it is thought to
block the constitutive stabilizing or maturing
function of Angiopoietin-1, allowing vessels to revert
to, and remain in, a plastic state which may be more
responsive to sprouting signals (Hanahan, 1997; Holash
et al, Oncogene 18:5356-62 (1999); Maisonpierre,
1997). Studies of Angiopoietin-2 expression in
pathological angiogenesis have found many tumor types
to show vascular Angiopoietin-2 expression
(Maisonpierre et al, Science 277:55-60 (1997)).
Functional studies suggest Angiopoietin-2 is involved
in tumor angiogenesis and associate Angiopoietin-2
overexpression with increased tumor growth in a mouse
xenograft model (Ahmad, et al,Cancer Res.,
61:1255-1259 (2001)). Other studies have associated
Angiopoietin-2 overexpression with tumor
hypervascularity (Etoh, et al, Cancer Res. 61:2145-53
(2001); Tanaka et al, Cancer Res. 62:7124-29 (2002)).
[0008] In recent years Angiopoietin-1, Angiopoietin-2
and/or Tie-2 have been proposed as possible
anti-cancer therapeutic targets. For example
US6166185, US5650490 and US58 14464 each disclose
anti-Tie-2 ligand and receptor antibodies. Studies
using soluble Tie-2 were reported to decrease the
number and size of tumors in rodents (Lin, 1997; Lin
1998). Siemester et al. (1999) generated human
melanoma cell lines expressing the extracellular
domain of Tie-2, injected these into nude mice and
reported soluble Tie-2 to result in significant
inhibition of tumor growth and tumor angiogenesis.
Given both Angiopoietin-1 and Angiopoietin-2 bind to
Tie-2, it is unclear from these studies whether
Angiopoietin-1, Angiopoietin-2 or Tie-2 would be an
attractive target for anti-cancer therapy. However,
effective anti-Angiopoietin-2 therapy is thought to be
of benefit in treating diseases such as cancer, in
which progression is dependant on aberrant
angiogenesis where blocking the process can lead to
prevention of disease advancement (Folkman, J., Nature
Medicine. 1: 27-31 (1995). hi addition some groups
have reported the use of antibodies that bind to
Angiopoietin-2, See, for example, U.S. Patent No.
6,166,185 and U.S. Patent Application Publication No.
2003/0124129 Al. Study of the effect of focal
expression of Angiopoietin-2 has shown that
antagonizing the Angiopoietin-1 /Tie-2 signal loosens
the tight vascular structure thereby exposing ECs to
activating signals from angiogenesis inducers, e.g.
VEGF (Hanahan, 1997). This pro-angiogenic effect
resulting from inhibition of Angiopoietin-1 indicates
that anti-Angiopoietin-1 therapy would not be an
effective anti-cancer treatment. [0009] Ang-2 is
expressed during development at sites where blood
vessel remodeling is occurring. Maisonpierre et al,
Science 277:55-60 (1997). In adult individuals, Ang-2
expression is restricted to sites of vascular
remodeling as well as in 



highly vascularized tumors, including glioma, Osada et
al, Int. J. Oncol. 18:305-09 (2001); Koga et al,
Cancer Res. 61:6248-54 (2001), hepatocellular
carcinoma, Tanaka et al, J. Clin. Invest. 103:341-45
(1999), gastric carcinoma, Etoh, et al, Cancer Res.
61:2145-53 (2001); Lee et al, Int. J. Oncol. 18:355-61
(2001), thyroid tumor, Bunone et al, Am J Pathol
155:1967-76 (1999), non-small cell lung cancer, Wong
et al, Lung Cancer 29:11-22 (2000), and cancer of
colon, Ahmad et al, Cancer 92:1 138-43 (2001), and
prostate Wurmbach et al, Anticancer Res. 20:5217-20
(2000). Some tumor cells are found to express Ang-2.
For example, Tanaka et al, J. Clin. Invest. 103:341-45
(1999)detected Ang-2 mRNA in 10 out of 12 specimens of
human hepatocellular carcinoma (HCC). Ellis' group
reported that Ang-2 is expressed ubiquitously in tumor
epithelium. Ahmad et al, Cancer 92:1138-43 (2001).
Other investigators reported similar findings. Chen et
al, J. Tongji Med. Univ. 21:228-30, 235 (2001). By
detecting Ang-2 mRNA levels in archived human breast
cancer specimens, Sfilogoi et al, Int. J. Cancer
103:466- 74 (2003) reported that Ang-2 mRNA is
significantly associated with auxiliary lymph node
invasion, short disease- free time and poor overall
survival. Tanaka et al., Cancer Res. 62:7124-29 (2002)
reviewed a total of 236 patients of non-small cell
lung cancer (NSCLC) with pathological stage-I to
-IIIA, respectively. Using immunohistochemistry, they
found that 16.9% of the NSCLC patients were Ang-2
positive. The microvessel density for Ang-2 positive
tumor is significantly higher than that of Ang-2
negative. Such an angiogenic effect of Ang-2 was seen
only when VEGF expression was high. Moreover, positive
expression of Ang-2 was a significant factor to
predict a poor postoperative survival. Tanaka et al,
Cancer Res. 62:7124-29 (2002). However, they found no
significant correlation between Ang-1 expression and
the microvessel density. Tanaka et al, Cancer Res.
62:7124-29 (2002). These results suggest that Ang-2 is
an indicator of poor prognosis patients with several
types of cancer. [0010] Recently, using an Ang-2
knockout mouse model, Yancopoulos' group reported that
Ang-2 is required for postnatal angiogenesis. Gale et
al, Dev. Cell 3:41 1-23 (2002). They showed that the
developmentally programmed regression of the hyaloid
vasculature in the eye does not occur in the Ang-2-/-
mice and their retinal blood vessels fail to sprout
out from the central retinal artery. Gale et al, Dev.
Cell 3:411-23 (2002). They also found that deletion of
Ang-2 results in profound defects in the patterning
and function of the lymphatic vasculature. Gale et al,
Dev. Cell 3:411-23 (2002). Genetic rescue with Ang-1
corrects the lymphatic, but not the angiogenesis
defects. Gale et al, Dev. Cell 3:41 1-23 (2002).
[0011] Peters and his colleagues reported that soluble
Tie2, when delivered either as recombinant protein or
in a viral expression vector, inhibited in vivo growth
of murine mammary carcinoma and melanoma in mouse
models. Lin et al, Proc. Natl Acad. ScL USA 95:8829-34
(1998); Lin et al, J. CUn. Invest. 100:2072-78 (1997).
Vascular densities in the tumor tissues so treated
were greatly reduced. In addition, soluble Tie2
blocked angiogenesis in the rat corneal stimulated by
tumor cell conditioned media. Lin et al, J. Clin.
Invest. 100:2072-78 (1997). Furthermore, Isner and his
team demonstrated that addition of Ang-2 to VEGF
promoted significantly longer and morecircumferential
neovascularity than VEGF alone. Asahara et al, Circ.
Res. 83:233-40 (1998). Excess soluble Tie2 receptor
precluded modulation of VEGF-induced
neovascularization by Ang-2. Asahara et al, Circ. Res.
83:233-40 (1998). Siemeister et ah, Cancer Res.
59:3185-91 (1999) showed with nude mouse xenografts
that overexpression of the extracellular
ligand-binding domains of either FIt-I or Tie2 in the
xenografts results in significant inhibition of
pathway could not be compensated by the other one,
suggesting that the VEGF receptor pathway and the Tie2
pathway should be considered as two independent
mediators essential for the process of in vivo
angiogenesis. Siemeister et al., Cancer Res.
59:3185-91 (1999). This is proven by a more recent
publication by White et al, Proc. Natl. Acad. ScL USA
100:5028-33 (2003). In their study, it was
demonstrated that a nuclease-resistant RNA aptamer
that specifically binds and inhibits Ang-2
significantly inhibited neovascularization induced by
bFGF in the rat corneal micropocket angiogenesis
model. SUMMARY [0012] Embodiments of the invention
relate to targeted binding agents that specifically
bind to Angiopoietin-2 and therein inhibit tumor
angiogenesis and reduce tumor growth. Mechanisms by
which this can be achieved can include and are not
limited to either inhibition of binding of Ang-2 to
its receptor Tie2, inhibition of Ang-2 induced Tie2
signaling, or increased clearance of Ang-2, therein
reducing the effective concentration of Ang-2. 



[0013] One embodiment of the invention, the targeted
binding agent is a fully human antibody that binds to
Ang-2 and prevents Ang-2 binding to Tie2. Yet another
embodiment of the invention is a fully human
monoclonal antibody that binds to Ang-2 and and Ang-1,
and also inhibits Ang-2 induced Tie2 phosphorylation.
The antibody may bind Ang-2 with a Kd of less than 100
pM, 30 pM, 20 pM, lOpM or 5 pM. [0014] The antibody
may comprise a heavy chain amino acid sequence having
a complementarity determining region (CDR) with one of
the sequences shown in Table 11. It is noted that
those of ordinary skill in the art can readily
accomplish CDR determinations. See for example, Kabat
et ah, Sequences of Proteins of Immunological
Interest, Fifth Edition, NIH Publication 91-3242,
Bethesda MD (1991), vols. 1-3. [0015] One embodiment
of the invention comprises fully human monoclonal
antibodies 3.3.2 (ATCC Accession Number PTA-7258),
3.19.3 (ATCC AccessionNumber PTA-7260) and 5.88.3
(ATCC Accession Number PTA-7259) which specifically
bind to Ang-2, as discussed in more detail below.
[0016] Yet another embodiment is an antibody that
binds to Ang-2 and comprises a light chain amino acid
sequence having a CDR comprising one of the sequences
shown in Table 12. In certain embodiments the antibody
is a fully human monoclonal antibody. [0017] A further
embodiment is an antibody that binds to Ang-2 and
comprises a heavy chain amino acid sequence having one
of the CDR sequences shown in Table 11 and a light
chain amino acid sequence having one of the CDR
sequences shown in Table 12. hi certain embodiments
the antibody is a fully human monoclonal antibody. A
further embodiment of the invention is an antibody
that cross-competes for binding to Ang-2 with the
fully human antibodies of the invention, preferably an
antibody comprising a heavy chain amino acid sequence
having one of the CDR sequences shown in Table 11 and
a light chain amino acid sequence having one of the
CDR sequences shown in Table 12. A further embodiment
of the invention is an antibody that binds to the same
epitope on Ang-2 as a fully human antibodies of the
invention, preferably an antibody comprising a heavy
chain amino acid sequence having one of the CDR
sequences shown in Table 11 and a light chain amino
acid sequence having one of the CDR sequences shown in
Table 12. [0018] Further embodiments of the invention
include human monoclonal antibodies that specifically
bind to Angiopoietin-2, wherein the antibodies
comprise a heavy chain complementarity determining
region 1 (CDRl) corresponding to canonical class 1.
The antibodies provided herein can also include a
heavy chain complementarity determining region 2
(CDR2) corresponding to canonical class 3, a light
chain complementarity determining region 1 (CDRl)
corresponding to canonical class 2, a light chain
complementarity determining region 2 (CDR2)
corresponding to canonical class 1, and a light chain
complementarity determining region 3 (CDR3)
corresponding to canonical class 1. [0019] The
invention further provides methods for assaying the
level of Angiopoietin-2 (Ang-2) in a patient sample,
comprising contacting an anti-Ang-2 antibody with a
biological sample from a patient, and detecting the
level of binding between said antibody and Ang-2 in
said sample. In more specific embodiments, the
biological sample is blood.[0020] In other embodiments
the invention provides compositions, including an
antibody or functional fragment thereof, and a
pharmaceutically acceptable carrier. [0021] Still
further embodiments of the invention include methods
of effectively treating an animal suffering from an
angiogenesis-related disease, including selecting an
animal in need of treatment for a neoplastic or
non-neoplastic disease, and administering to said
animal a therapeutically effective dose of a fully
human monoclonal antibody that specifically binds to
Angiopoietin-2 (Ang-2). [0022] Treatable
angiogenesis-related diseases can include neoplastic
diseases, such as, melanoma, small cell lung cancer,
non-small cell lung cancer, glioma, hepatocellular
(liver) carcinoma, thyroid tumor, gastric (stomach)
cancer, prostate cancer, breast cancer, ovarian
cancer, bladder cancer, lung cancer, glioblastoma,
endometrial cancer, kidney cancer, colon cancer,
pancreatic cancer, esophageal carcinoma, head and neck
cancers, mesothelioma, sarcomas, biliary
(cholangiocarcinoma), small bowel adenocarcinoma,
pediatric malignancies and epidermoid carcinoma.
[0023] Additional embodiments of the invention include
methods of inhibiting Angiopoietin-2 (Ang-2) induced
angiogenesis in an animal. These methods include
selecting an animal in need of treatment for Ang-2
induced angiogenesis, and 



administering to said animal a therapeutically
effective dose of a fully human monoclonal antibody
wherein said antibody specifically binds to Ang-2.
[0024] Further embodiments of the invention include
the use of an antibody of in the preparation of
medicament for the treatment of angiogenesis-related
diseases in an animal, wherein said monoclonal
antibody specifically binds to Angiopoietin-2 (Ang-2).
Treatable angiogenesis-related diseases can include
neoplastic diseases, such as, melanoma, small cell
lung cancer, non-small cell lung cancer, glioma,
hepatocellular (liver) carcinoma, thyroid tumor,
gastric (stomach) cancer, prostate cancer, breast
cancer, ovarian cancer, bladder cancer, lung cancer,
glioblastoma, endometrial cancer, kidney cancer, colon
cancer, pancreatic cancer, esophageal carcinoma, head
and neck cancers, mesothelioma, sarcomas,
cholangiocarcinoma, small bowel adenocarcinoma,
pediatric malignancies and epidermoid carcinoma.
[0025] In still further embodiments, the antibodies
described herein can be used for the preparation of a
medicament for the effective treatment of
Angiopoietin-2 induced angiogenesis in an animal,
wherein said monoclonal antibody specifically binds to
Angiopoietin-2 (Ang-2).[0026] Embodiments of the
invention described herein relate to monoclonal
antibodies that bind Ang-2 and affect Ang-2 function.
Other embodiments relate to fully human anti-Ang-2
antibodies and anti-Ang-2 antibody preparations with
desirable properties from a therapeutic perspective,
including high binding affinity for Ang-2, the ability
to neutralize Ang-2 in vitro and in vivo, and the
ability to inhibit Ang-2 induced angiogenesis. [0027]
In a preferred embodiment, antibodies described herein
bind to Ang-2 with very high affinities (Kd). For
example a human, rabbit, mouse, chimeric or humanized
antibody that is capable of binding Ang-2 with a Kd
less than, but not limited to, 10 5 , 10 6 , 10 7 , 10
8, 10 9 , 10 10, 10 11, 10 12, 10 13 or 10 14 M, or
any range or value therein. Affinity and/or avidity
measurements can be measured by KinExA(r) and/or
BIACORE(r), as described herein. [0028] Accordingly,
one embodiment described herein includes isolated
antibodies, or fragments of those antibodies, that
bind to Ang-2. As known in the art, the antibodies can
advantageously be, for example, polyclonal,
oligoclonal, monoclonal, chimeric, humanized, and/or
fully human antibodies. Embodiments of the invention
described herein also provide cells for producing
these antibodies. [0029] Another embodiment of the
invention is a fully human antibody that binds to
other Angiopoietin-2 family members including, but not
limited to, Angiopoietin-1, Angiopoietin-3, and
Angiopoietin-4. A further embodiment herein is an
antibody that cross-competes for binding to Tie2 with
Ang-2 with the fully human antibodies of the invention
hi one embodiment of the invention, the antibody binds
to and neutralizes Angiopoietin-2, and also binds to
and neutralizes, Angiopoietin-1. [0030] It will be
appreciated that embodiments of the invention are not
limited to any particular form of an antibody or
method of generation or production. For example, the
anti-Ang-2 antibody may be a full-length antibody
{e.g., having an intact human Fc region) or an
antibody fragment {e.g., a Fab, Fab' or F(ab') ) . In
addition, the antibody may be manufactured from a
hybridoma that secretes the antibody, or from a
recombinantly produced cell that has been transformed
or transfected with a gene or genes encoding the
antibody. [0031] Other embodiments of the invention
include isolated nucleic acid molecules encoding any
of the antibodies described herein, vectors having
isolated nucleic acid molecules encoding anti-Ang-2
antibodies or a host cell transformed with any of such
nucleic acid molecules. In addition, one embodiment of
the invention is amethod of producing an anti-Ang-2
antibody by culturing host cells under conditions
wherein a nucleic acid molecule is expressed to
produce the antibody followed by recovering the
antibody. It should be realized that embodiments of
the invention also include any nucleic acid molecule
which encodes an antibody or fragment of an antibody
of the invention including nucleic acid sequences
optimized for increasing yields of antibodies or
fragments thereof when transfected into host cells for
antibody production. [0032] A further embodiment
herein includes a method of producing high affinity
antibodies to Ang-2 by immunizing a mammal with human
Ang-2, or a fragment thereof, and one or more
orthologous sequences or fragments thereof. [0033]
Other embodiments are based upon the generation and
identification of isolated antibodies that bind
specifically to Ang-2. Ang-2 is expressed at elevated
levels in angiogenesis-related diseases, such as
neoplastic diseases. Inhibition of the biological 



activity of Ang-2 can prevent Ang-2 induced
angiogenesis and other desired effects. [0034] Another
embodiment of the invention includes a method of
diagnosing diseases or conditions in which an antibody
prepared as described herein is utilized to detect the
level of Ang-2 in a patient sample. In one embodiment,
the patient sample is blood or blood serum. In further
embodiments, methods for the identification of risk
factors, diagnosis of disease, and staging of disease
is presented which involves the identification of the
overexpression of Ang-2 using anti-Ang-2 antibodies.
[0035] Another embodiment of the invention includes a
method for diagnosing a condition associated with the
expression of Ang-2 in a cell by contacting the serum
or a cell with an anti-Ang-2 antibody, and thereafter
detecting the presence of Ang- 2. Preferred conditions
include angiogenesis-related diseases including, but
not limited to, neoplastic diseases, such as,
melanoma, small cell lung cancer, non-small cell lung
cancer, glioma, hepatocellular (liver) carcinoma,
glioblastoma, and carcinoma of the thyroid, stomach,
prostate, breast, ovary, bladder, lung, uterus,
kidney, colon, and pancreas, salivary gland, and
colorectum. [0036] In another embodiment, the
invention includes an assay kit for detecting
Angiopoietin-2 and Angiopoietin family members in
mammalian tissues, cells, or body fluids to screen for
angiogenesis-related diseases. The kit includes an
antibody that binds to Angiopoietin-2 and a means for
indicating the reaction of the antibody with
Angiopoietin-2, if present. Preferably the antibody is
a monoclonal antibody hi one embodiment, the antibody
that binds Ang-2 is labeled. In another embodiment the
antibody is an unlabeled primary antibody and the kit
further includes a means fordetecting the primary
antibody. In one embodiment, the means includes a
labeled second antibody that is an antiimmunoglobulin.
Preferably the antibody is labeled with a marker
selected from the group consisting of a fluorochrome,
an enzyme, a radionuclide and a radiopaque material.
[0037] Yet another embodiment includes methods for
treating diseases or conditions associated with the
expression of Ang-2 in a patient, by administering to
the patient an effective amount of an anti-Ang-2
antibody. The anti-Ang-2 antibody can be administered
alone, or can be administered in combination with
additional antibodies or chemotherapeutic drug or
radiation therapy. For example, a monoclonal,
oligoclonal or polyclonal mixture of Ang-2 antibodies
that block angiogenesis can be administered in
combination with a drug shown to inhibit tumor cell
proliferation directly. The method can be performed in
vivo and the patient is preferably a human patient hi
a preferred embodiment, the method concerns the
treatment of angiogenesis-related diseases including,
but not limited to, neoplastic diseases, such as,
melanoma, small cell lung cancer, non-small cell lung
cancer, glioma, hepatocellular (liver) carcinoma,
glioblastoma, and carcinoma of the thyroid, stomach,
prostate, breast, ovary, bladder, lung, uterus,
kidney, colon, and pancreas, salivary gland, and
colorectum. [0038] In another embodiment, the
invention provides an article of manufacture including
a container. The container includes a composition
containing an anti-Ang-2 antibody, and a package
insert or label indicating that the composition can be
used to treat angiogenesis-related diseases
characterized by the overexpression of Ang-2. [0039]
In some embodiments, the anti-Ang-2 antibody is
administered to a patient, followed by administration
of a clearing agent to remove excess circulating
antibody from the blood. [0040] Yet another embodiment
is the use of an anti-Ang-2 antibody in the
preparation of a medicament for the treatment of
diseases such as angiogenesis-related diseases. In one
embodiment, the angiogenesis-related diseases include
carcinoma, such as breast, ovarian, stomach,
endometrial, salivary gland, lung, kidney, colon,
colorectum, esophageal, thyroid, pancreatic, prostate
and bladder cancer. In another embodiment, the
angiogenesis-related diseases include, but are not
limited to, neoplastic diseases, such as, melanoma,
small cell lung cancer, non-small cell lung cancer,
glioma, hepatocellular (liver) carcinoma, sarcoma,
head and neck cancers, mesothelioma, biliary
(cholangiocarcinoma), small bowel adenocarcinoma,
pediatric malignancies and glioblastoma.[0041] Ang-2
is an important "on-switch" of angiogenesis.
Accordingly, antagonizing this molecule is expected to
inhibit pathophysiological procedures, and thereby act
as a potent therapy for various angiogenesis-dependent
diseases. Besides solid tumors and their metastases,
haematologic malignancies, such as leukemias,
lymphomas and multiple myeloma, are also
angiogenesis-dependent. Excessive vascular growth
contributes to numerous non-neoplastic disorders.
These non-neoplastic 



angiogenesis-dependent diseases include:
atherosclerosis, haemangioma, haemangioendothelioma,
angiofibroma, vascular malformations (e.g. Hereditary
Hemorrhagic Teleangiectasia (HHT), or Osier-Weber
syndrome), warts, pyogenic granulomas, excessive hair
growth, Kaposis' sarcoma, scar keloids, allergic
oedema, psoriasis, dysfunctional uterine bleeding,
follicular cysts, ovarian hyperstimulation,
endometriosis, respiratory distress, ascites,
peritoneal sclerosis in dialysis patients, adhesion
formation result from abdominal surgery, obesity,
rheumatoid arthritis, synovitis, osteomyelitis, pannus
growth, osteophyte, hemophilic joints, inflammatory
and infectious processes (e.g. hepatitis, pneumonia,
glomerulonephritis), asthma, nasal polyps, liver
regeneration, pulmonary hypertension, retinopathy of
prematurity, diabetic retinopathy, age-related macular
degeneration., leukomalacia, neovascular glaucoma,
corneal graft neovascularization, trachoma,
thyroiditis, thyroid enlargement, and
lymphoproliferative disorders. BRIEF DESCRgTION OF THE
DRAWINGS [0042] Figure 1 is a Western Blot showing
that Ang-2 mAbs inhibit Ang-2- induced phosphorylation
of Tie2 ectopically expressed in HEK293F cells. [0043]
Figure 2 is a line graph of the dose-response
relationship of anti-Ang-2 monoclonal antibodies on
the inhibition of Ang-2 induced Tie2 phosphorylation.
[0046] Figure 3 is a line graph showing inhibition of
both Ang-1 (top graph) and Ang-2 (bottom graph)
binding to Tie2 in a dose-dependent manner using niAb
3.19.3 or Tie2/Fc. [0047] Figure 4 is a Western blot
showing inhibition of Angiopoietin-1 stimulated
phosphorylation of Tie-2 on Eahy 926 endothelial cells
by mAb 3.19.3. Inhibition of Angiopoietin-1 induced
Tie-2 phosphorylation is observed in this system. The
antibody concentrations are shown in nM. [0048] Figure
5 is a line graph showing inhibition of Angiopoietin-1
stimulated phosphorylation of Tie-2 on Eahy 926
endothelial cells by mAb 3.19.3. TheIC50 = 99nM. The x
axis is the concentration of mAb 3.19.3 and the y axis
indicates the response. [0049] Figure 6 is a schematic
diagram of the protein structure of human Ang- 2 and
Ang-2443 . The upper numbers denote amino acid
sequences (diagram taken from Injune et al., (2000)
JBC 275: 18550). [0050] Figure 7 displays the amino
acid sequence of a Mouse/Human chimeric molecule (SEQ
ID NO: 1). The human residues (cloned as Stul-Tfil
fragment) 310-400 are underlined. [0051] Figure 8 is
an amino acid sequence comparison of human Ang-1 (SEQ
ID NO: 2), human Ang-2 (SEQ ID NO: 3), and mouse Ang-2
(SEQ ID NO: 4) proteins. The fusion points of Ang-2
chimeric molecules and point mutations are noted in
bold. [0052] Figure 9 is an amino acid sequence
comparison of mouse Ang-1 (SEQ ID NO: 5), human Ang-1
(SEQ ID NO: 2), mouse Ang-2 (SEQ ID NO: 4), and human
Ang-2 (SEQ ID NO: 3). The arrowhead shows the cleavage
site for hydrophobic leader sequences. The arrows
define the limits of the coiled-coil and fibrinogen
like domains. The solid circles show the conserved
cysteine residues (image taken from Maisonpierre et
al., 1997, Science 277:55). [0053] Figure 10 is a line
graph demonstrating mouse cross-reactivity in a
dose-response relationship. Monoclonal antibody clones
5.2.1, 5.28.1, 3.19.3, and 3.31.2 are shown. [0054]
Figure 11 is a line graph showing inhibition of both
human (black triangles) and mouse (black squares)
Ang-2 binding to human Tie2 in a dose-dependent manner
using mAb 3.19.3. [0055] Figure 12 is a bar graph
analysis of the effect of antibodies on MCF-7
cell-induced angiogenesis. Figure 12A shows the effect
of anti-Ang-2 antibodies on the number of blood
vessels ends where the x axis indicates the
experimental groups and the y axis indicates the mean
number of vessel ends (+/- SD). Figure 12B
demonstrates the effect of anti-Ang-2 antibodies on
blood vessel length where the x axis indicates the
experimental groups and the y axis indicates the mean
vessel length (+/- SD). [0056] Figure 13 is a line
graph showing the anti-tumor effect of the anti-Ang- 2
monoclonal antibody clone 3.19.3, as tested in a mouse
xenograft model of human skin epidermoid carcinoma
using the A431 cell line. The x axis indicates the
number of days post tumor cell implantation and the y
axis indicates the mean tumor volume +/- SEM in cm3.
The Solid black triangles represent the post
implantation tumor volumemeasurements of mice injected
with anti-Ang-2 monoclonal antibody clone 3.19.3; the 



solid black circles represent the post implantation
tumor volume measurements of mice injected with an
isotype control antibody PKl 6.3.1 . [0058] Figure 14A
is a line graph showing prevention of tumor growth in
the human colon adenocarcinoma LoVo xenograft model
with tumor size indicated for mice treated with 0.5,
2, and 10 mg/kg or isotype control indicated. The x
axis indicates the number of days post tumor cell
implantation and the y axis indicates the mean tumor
volume +/- SEM in cm3. Figure 14B is a line graph
showing tumor growth inhibitory effect of the mAb in a
human colon adenocarcinoma SW480 xenograft model.
[0059] Figure 15A is a line graph showing prevention
of tumor growth in the HT29 xenograft model. The x
axis indicates the number of days post tumor cell
implantation, and the y axis indicates the mean tumor
volume+/- SEM in cm3. Figure 15B is a line graph
showing prevention of tumor growth in the Calu-6
xenograft model with tumor size indicated for mice
treated with 10mg/kg of mAb clone 3.3.2 or 3.19.3 or
with isotype control antibody. Figure 15C is a bar
graph indicating the density of CD31+ staining in
tumors from MDA-MB-231 tumor-bearing mice treated with
either IgG control or 10mg/kg 3.19.3 mAb. Results from
both threshold and manual grid counting methods are
shown. DETAILED DESCRIPTION [0060] Embodiments of the
invention described herein relate to monoclonal
antibodies that bind to Ang-2. In some embodiments,
the antibodies bind to Ang-2 and inhibit the binding
of Ang-2 to its receptor, Tie2. Other embodiments of
the invention include fully human anti-Ang-2
antibodies, and antibody preparations that are
therapeutically useful. Such anti-Ang-2 antibody
preparations preferably have desirable therapeutic
properties, including strong binding affinity for
Ang-2, the ability to neutralize Ang-2 in vitro, and
the ability to inhibit Ang-2-induced angiogenesis in
vivo. [0061] One embodiment of the invention includes
an antibody that binds to and neutralizes Ang-2, but
does not bind to Ang-1. hi another embodiment, the
antibody binds to both Ang-2 and Ang-1, but only
neutralizes Ang-2. In another embodiment, the antibody
binds to both Ang-2 and Ang-1, and neutralizes binding
of both Ang-1 and Ang- 2 to Tie2.[0062] Embodiments of
the invention also include isolated binding fragments
of anti-Ang-2 antibodies. Preferably, the binding
fragments are derived from fully human anti-Ang-2
antibodies. Exemplary fragments include Fv, Fab' or
other well know antibody fragments, as described in
more detail below. Embodiments of the invention also
include cells that express fully human antibodies
against Ang-2. Examples of cells include hybridomas,
or recombinantly created cells, such as Chinese
hamster ovary (CHO) cells, variants of CHO cells (for
example DG44) and NSO cells that produce antibodies
against Ang-2. Additional information about variants
of CHO cells can be found in Andersen and Reilly
(2004) Current Opinion in Biotechnology 15, 456-462
which is incorporated herein in its entirety by
reference. [0063] In addition, embodiments of the
invention include methods of using these antibodies
for treating diseases. Anti-Ang-2 antibodies are
useful for preventing Ang-2 mediated Tie2 signal
transduction, thereby inhibiting angiogenesis. The
mechanism of action of this inhibition may include
inhibition of Ang-2 from binding to its receptor,
Tie2, inhibition of Ang-2 induced Tie2 signaling, or
enhanced clearance of Ang-2 therein lowering the
effective concentration of Ang-2 for binding to Tie-2.
Diseases that are treatable through this inhibition
mechanism include, but are not limited to, neoplastic
diseases, such as, melanoma, small cell lung cancer,
non-small cell lung cancer, glioma, hepatocellular
(liver) carcinoma, glioblastoma, and cancers and
tumors of the thyroid, stomach, prostate, breast,
ovary, bladder, lung, uterus, kidney, colon, and
pancreas, salivary gland, and colorectal. [0064] Other
embodiments of the invention include diagnostic assays
for specifically determining the quantity of Ang-2 in
a biological sample. The assay kit can include
anti-Ang-2 antibodies along with the necessary labels
for detecting such antibodies. These diagnostic assays
are useful to screen for angiogenesis-related diseases
including, but not limited to, neoplastic diseases,
such as, melanoma, small cell lung cancer, non-small
cell lung cancer, glioma, hepatocellular (liver)
carcinoma, glioblastoma, and carcinoma of the thyroid,
stomach, prostate, breast, ovary, bladder, lung,
uterus, kidney, colon, and pancreas, salivary gland,
and colorectum. [0065] According to one aspect of the
invention there is provided an antagonist of the
biological activity of Angiopoietin-1 and
Angiopoietin-2 wherein the 



antagonist does not bind to the ATP-binding site of
Tie-2.[0066] According to another aspect of the
invention there is provided an antagonist of the
biological activity of Angiopoietin-1 and
Angiopoietin-2 wherein the antagonist binds to
Angiopoietin-1 and Angiopoietin-2. [0067] According to
another aspect of the invention there is provided an
antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2 wherein the
antagonist is not a compound. [0068] In one embodiment
there is provided an antagonist of the biological
activity of Angiopoietin-1 and Angiopoietin-2 wherein
the Angiopoietin-1 antagonist activity and the
Angiopoietin-2 antagonist activity is comprised within
one molecule. In an alternative embodiment there is
provided an antagonist wherein the Angiopoietin-1
antagonist activity and the Angiopoietin-2 antagonist
activity is comprised within more than one molecule.
[0069] In one embodiment there is provided an
antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2 wherein the
antagonist may bind to: i) [0070] the Tie-2 receptor;
ii) [0071] Angiopoietin-1 and/or Angiopoietin-2; iii)
[0072] Tie-2 receptor-Angiopoietin-1 complex; or iv)
[0073] Tie-2 receptor-Angiopoietin-2 complex, [0074]
or any combination of these. [0075] In one embodiment
the antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2 may bind to
Angiopoietin-1 and/or Angiopoietin-2 and/or Tie-2 and
thereby prevent Angiopoietin-1 and Angiopoietin-2
mediated Tie-2 signal transduction, thereby inhibiting
angiogenesis. The mechanism of action of this
inhibition may include; i) [0076] binding of the
antagonist to Angiopoietin-1 and inhibiting the
binding of Angiopoietin-1 to its receptor, Tie-2,
and/or ii) [0077] binding of the antagonist to
Angiopoietin-2 and inhibit the binding of
Angiopoietin-2 to its receptor, Tie-2, and/or iii)
[0078] enhancing the clearance of Angiopoietin-1
and/or Angiopoietin-2 therein lowering the effective
concentration of Angiopoietin-1 and/or Angiopoietin-2
available for binding to Tie-2, [0079] or any
combination of these, sufficient to antagonize the
biological activity of Angiopoietin-1 and
Angiopoietin-2.[0080] Without wishing to be bound by
theoretical considerations mechanisms by which
antagonism of the biological activity of
Angiopoietin-1 and Angiopoietin-2 can be achieved
include, but are not limited to, inhibition of binding
of Angiopoietin-1 and Angiopoietin-2 to the receptor
Tie-2, inhibition of Angiopoietin-1 and Angiopoietin-2
induced Tie-2 signaling, or increased clearance of
Angiopoietin-1 and Angiopoietin-2, therein reducing
the effective concentration of Angiopoietin-1 and
Angiopoietin-2. [0081] In one embodiment there is
provided an antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2 wherein the
antagonist is an antibody. Preferably the antibody is
able to antagonize the biological activity of
Angiopoietin-1 and/or Angiopoietin-2 in vitro and in
vivo. Preferably the antibody is a polyclonal or
monoclonal antibody. More preferably the antibody is a
monoclonal antibody and more preferably the antibody
is a fully human monoclonal antibody. Most preferably
the antibody is the fully human monoclonal antibody
3.19.3. [0082] In one embodiment there is provided an
antibody which binds to the same epitope or epitopes
as fully human monoclonal antibody 3.19.3. [0083] In
one embodiment of the invention there is provided a
fully human antibody that binds to Angiopoietin-1 and
prevents Angiopoietin-1 binding to Tie-2. Yet another
embodiment of the invention is a fully human
monoclonal antibody that binds to Angiopoietin-1 and
inhibits Angiopoietin-1 induced Tie-2 phosphorylation.
In one embodiment, the antibody binds Angiopoietin-1
with a K< of less than 1 nanomolar (nM). More
preferably, the antibody binds with a Kd less than 500
picomolar (pM). More preferably, the antibody binds
with a Kd less than 100 picomolar (pM). More
preferably, the antibody binds with a Kd less than 30
picomolar (pM). More preferably, the antibody binds
with a Kd of less than 20 pM. Even more preferably,
the antibody binds with a Kd of less than 10 or 5 pM.
[0084] In one embodiment of the invention there is
provided a fully human antibody that binds to
Angiopoietin-2 and prevents Angiopoietin-2 binding to
Tie-2. Yet another embodiment of the invention is a
fully human monoclonal antibody that binds to 



Angiopoietin-2 and inhibits Angiopoietin-2 induced
Tie-2 phosphorylation. In one embodiment, the antibody
binds Angiopoietin-2 with a Kd of less than 1
nanomolar (nM). More preferably, the antibody binds
with a Kd less than 500 picomolar (pM). More
preferably, the antibody binds with a Kd less than 100
picomolar (pM). More preferably, the antibody binds
with a Kd less than 30 picomolar (pM). More
preferably, the antibodybinds with a K of less than 20
pM. Even more preferably, the antibody binds with a Kd
of less than 10 or 5 pM. [0085] In one embodiment
there is provided a hybridoma that produces the light
chain and/or the heavy chain of antibody as described
hereinabove. Preferably the hybridoma produces the
light chain and/or the heavy chain of a fully human
monoclonal antibody. More preferably the hybridoma
produces the light chain and/or the heavy chain of the
fully human monoclonal antibody 3.19.3, 3.3.2 or
5.88.3. Alternatively the hybridoma produces an
antibody which binds to the same epitope or epitopes
as fully human monoclonal antibody 3.19.3, 3.3.2 or
5.88.3. [0086] In one embodiment there is provided a
nucleic acid molecule encoding the light chain or the
heavy chain of the antibody as described hereinabove.
Preferably there is provided a nucleic acid molecule
encoding the light chain or the heavy chain of a fully
human monoclonal antibody. More preferably there is
provided a nucleic acid molecule encoding the light
chain or the heavy chain of the fully human monoclonal
antibody 3.19.3. [0087] In one embodiment of the
invention there is provided a vector comprising a
nucleic acid molecule or molecules as described
hereinabove, wherein the vector encodes a light chain
and/or a heavy chain of an antibody as defined
hereinabove. [0088] In one embodiment of the invention
there is provided a host cell comprising a vector as
described hereinabove. Alternatively the host cell may
comprise more than one vector. [0089] In addition, one
embodiment of the invention is a method of producing
an antibody by culturing host cells under conditions
wherein a nucleic acid molecule is expressed to
produce the antibody, followed by recovery of the
antibody. [0090] In one embodiment of the invention
there is provided a method of making an antibody
comprising transfecting at least one host cell with at
least one nucleic acid molecule encoding the antibody
as described hereinabove, expressing the nucleic acid
molecule in said host cell and isolating said
antibody. [0091] According to another aspect of the
invention there is provided a method of antagonising
the biological activity of Angiopoietin-1 and
Angiopoietin-2 comprising administering an antagonist
as described hereinabove. The method may include
selecting an animal in need of treatment for
disease-related angiogenesis, and administering to
said animal a therapeutically effective dose of an
antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2.[0092] According to
another aspect of the invention there is provided a
method of antagonising the biological activity of
Angiopoietin-1 and Angiopoietin-2 comprising
administering an antibody as described hereinabove.
The method may include selecting an animal in need of
treatment for disease-related angiogenesis, and
administering to said animal a therapeutically
effective dose of an antibody which antagonises the
biological activity of Angiopoietin-1 and
Angiopoietin-2. [0093] According to another aspect
there is provided a method of treating disease-related
angiogenesis in a mammal comprising administering a
therapeutically effective amount of an antagonist of
the biological activity of Angiopoietin-1 and
Angiopoietin-2. The method may include selecting an
animal in need of treatment for disease-related
angiogenesis, and administering to said animal a
therapeutically effective dose of an antagonist of the
biological activity of Angiopoietin-1 and
Angiopoietin-2. [0094] According to another aspect
there is provided a method of treating disease-related
angiogenesis in a mammal comprising administering a
therapeutically effective amount of an antibody which
antagonizes the biological activity of Angiopoietin-1
and Angiopoietin-2. The method may include selecting
an animal in need of treatment for disease-related
angiogenesis, and administering to said animal a
therapeutically effective dose of an antibody which
antagonises the biological activity of Angiopoietin-1
and Angiopoietin-2. The antibody can be administered
alone, or can be administered in combination with
additional antibodies or chemotherapeutic drug or
radiation therapy. [0095] According to another aspect
there is provided a method of treating cancer in a
mammal comprising administering a therapeutically
effective amount of an 



antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2. The method may
include selecting an animal in need of treatment for
cancer, and administering to said animal a
therapeutically effective dose of an antagonist which
antagonises the biological activity of Angiopoietin-1
and Angiopoietin-2. The antagonist can be administered
alone, or can be administered in combination with
additional antibodies or chemotherapeutic drug or
radiation therapy. [0096] According to another aspect
there is provided a method of treating cancer in a
mammal comprising administering a therapeutically
effective amount of an antibody which antagonizes the
biological activity of Angiopoietin-1 and
Angiopoietin-2. The method may include selecting an
animal in need of treatment for cancer, and
administering to said animal a therapeutically
effective dose of an antibody whichantagonises the
biological activity of Angiopoietin-1 and
Angiopoietin-2. The antibody can be administered
alone, or can be administered in combination with
additional antibodies or chemotherapeutic drug or
radiation therapy. [0097] According to another aspect
of the invention there is provided the use of an
antagonist of the biological activity of
Angiopoietin-1 and Angiopoietin-2 for the manufacture
of a medicament for the treatment of disease-related
angiogenesis. [0098] According to another aspect of
the invention there is provided the use of an antibody
which antagonizes the biological activity of
Angiopoietin-1 and Angiopoietin-2 for the manufacture
of a medicament for the treatment of disease-related
angiogenesis. [0099] In a preferred embodiment the
present invention is particularly suitable for use in
antagonizing Angiopoietin-1 or Angiopoietin-2, in
patients with a tumour which is dependent alone, or in
part, on a Tie-2 receptor. [0100] Another embodiment
of the invention includes an assay kit for detecting
Angiopoietin-1 and/or Angiopoietin-2 in mammalian
tissues, cells, or body fluids to screen for
angiogenesis-related diseases. The kit includes an
antibody that binds to Angiopoietin-1 and/or
Angiopoietin-1 and a means for indicating the reaction
of the antibody with Angiopoietin-1 and/or
Angiopoietin-2, if present. The antibody may be a
monoclonal antibody. In one embodiment, the antibody
that binds Angiopoietin-2 is labeled. In another
embodiment the antibody is an unlabeled primary
antibody and the kit further includes a means for
detecting the primary antibody. In one embodiment, the
means includes a labeled second antibody that is an
antiimmunoglobulin. Preferably the antibody is labeled
with a marker selected from the group consisting of a
fluorochrome, an enzyme, a radionuclide and a
radio-opaque material. [0101] Further embodiments,
features, and the like regarding anti-Ang-2 antibodies
are provided in additional detail below. Sequence
Listing; [0102] Embodiments of the invention include
the specific anti-Ang-2 antibodies listed below in
Table 1. This table reports the identification number
of each anti-Ang-2 antibody, along with the SEQ ID
number of the corresponding heavy chain and light
chain genes.[0103] Each antibody has been given an
identification number that includes either two or
three numbers separated by one or two decimal points.
For most of the antibodies, only two identification
numbers, separated by one decimal point, are listed.
[0104] However, in some cases, several clones of one
antibody were prepared. Although the clones have the
identical nucleic acid and amino acid sequences as the
parent sequence, they may also be listed separately,
with the clone number indicated by the number to the
right of a second decimal point. Thus, for example,
the nucleic acid and amino acid sequences of antibody
5.35 are identical to the sequences of antibody
5.35.1, 5.35.2, and 5.35.3. Table 1OPHTHALMIC IMPLANT
FOR TREATMENT O FGLAUCOMA Cross-reference to Related
Application [0001] This application claims priority
under 35 U.S.C. 119(e) from Provisional U.S. Patent
Application Serial No. 60/637,368, filed December 16,
2004 (Atty. Docket No. ISSCP007P), entitled
"OPHTHALMIC IMPLANT FOR TREATMENT OF GLAUCOMA", which
is incorporated herein by reference. Background of
Invention [0002] Glaucoma is a disease condition of
the eye in which increased intraocular pressure (IOP)
is created by blockage of the drainage mechanism for
the aqueous fluid produced in the anterior portion of
the eye. Such aqueous outflow conditions are usually
treated by topical drugs in the form of eye drops, but
may result in surgical 



treatment if drug treatment becomes ineffective due to
loss of response to the drug or poor patient
compliance. [0003] Ophthalmic research has indicated
that the greatest resistance to aqueous outflow is in
the trabecular meshwork, more specifically, the
juxtacanalicular tissue at the inner wall of Schlemm's
canal (Grant, M.W., Arch. Ophthalmol. 1963; 69:783-
801.) Traditional glaucoma surgery such as
trabeculectomy, involves a flap dissection of the eye
and the removal of a portion of scleral tissue and of
the trabecular meshwork to bypass the normal aqueous
outflow pathway and form a direct flow path from the
anterior chamber. The aqueous fluid is directed
posteriorly under the surgical flap and to a
sub-conjunctival lake known as a bleb. Post-surgical
complications and bleb management are significant
issues with trabeculectomy and similar procedures.
[0004] Recently developed surgical treatments for
glaucoma involve surgically accessing Schlemm's canal
by manner of one or more surgical flaps and
subsequently dilating the canal to increase aqueous
humor drainage into the natural drainage pathway
instead of a bleb. The mechanisms involved in dilating
Schlemm's canal to aid aqueous outflow are not fully
elucidated. Dilation or expansion of the canal may
cause a direct communication between Schlemm's canal
and the juxtacanalicular space and may enhance aqueous
outflow (Smit, B.A., Johnstone, M.A., Ophthalmology,
2002; 109:786-792). In addition, dilation of the canal
may also limitthe ability of the inner wall to be
distended outward by increased intraocular pressure
and press against the outer wall to increase aqueous
outflow resistance (Ellingsen, B.A., Grant, .M.,
Investigative Ophthalmology, 1972; 11(1): 21-8).
[0005] Various approaches and devices for glaucoma
surgery involving Schlemm's canal have been described
in the prior art. Stegmann, et al. in US 5,486,165
disclose a microcannula designed for delivery of
substances to Schlemm's canal during glaucoma surgery.
In US 2002/0013546, Grieshaber, et al. disclose a
device for holding an expanded lumen of Schlemm's
canal in a permanently expanded position. Lynch, et
al. in US 6,464,724 describe a stent device to expand
and maintain the patency of Schlemm's canal. Neuhann
in US 6,494,857 describes an implantable
longitudinally curved tubular device. [0006] Other
methods for improving aqueous humor drainage into
Schlemm's canal involve placing a shunt that forms a
fluid passage between the anterior chamber and the
canal. See Lynch et al. in US 6,450,984, Hill in US
6,533,768 and Gharib et al. in US 20020165478. [0007]
Cholinergic drugs such as pilocarpine are the oldest
effective medical treatment for glaucoma. These drugs
work by a mechanical action by increasing ciliary
muscle tone that pulls the scleral spur adjacent to
the trabecular meshwork toward a posterior and inward
direction. Tension is thereby applied to the
trabecular meshwork, opening the iiitertrabecular
spaces, increasing aqueous outflow, and reducing
intraocular pressure. The present invention describes
an implant that resides within Schlemm's canal of the
eye and provides tension to the trabecular meshwork
similar to the action of cholinergic or miotic drugs.
The use of an implant provides continuous tension and
increase in aqueous outflow without re-administration
of a drug and without drug side effects. In addition,
since the implant applies tension to the trabecular
meshwork directly, optical effects to the eye such as
fluctuating myopic shift and decreased vision in dim
illumination produced by cholinergic drugs are
avoided. [0008] While the prior art describes various
ways to bypass or to stent the lumen of Schlemm's
canal, it does not teach a way to increase aqueous
outflow by applying non-drug induced tension to the
trabecular meshwork at the inner wall of the canal.
The present invention describes a novel approach in
surgical treatment of glaucoma by placing an implant
in Schlemm's canal that is designed to impart
mechanical tension to the interfacing trabecular
meshwork on the inner wall of the canal, thereby
increasing aqueous outflow and reducing intraocular
pressure.[0009] This invention is directed at an
ophthalmic implant, which may be directly inserted
into Schlemm's canal to improve aqueous outflow
through the normal trabeculocanalicular pathway for an
extended period of time. The invention is directed to
embodiments of and materials for such an implant, and
also to tools for placing the implant by minimally
invasive methods. Summary of the Invention [00010] The
invention is directed to an implant for the treatment
of glaucoma 



comprising an elongated element with distal and
proximal ends positionable within Schlemm's canal of
the eye so as to provide a tensioning force to the
inner wall of the canal to thereby increase fluid
permeability of the inner wall of the canal. The
tensioning force may be axially applied. Axial
tensioning is distinguishable from radial tensioning.
The former stretches Schlemm's canal on its
longitudinal axis. The latter radially stretches the
canal. The tensioning force may be provided through a
securing element at said one or both ends of the
implant and is attachable to a tensioning element
providing the tensioning force. In one embodiment, the
tensioning element may be a spring which may be
accommodated in a protecting housing. In another
embodiment, the tensioning element may be a crimping
element for securing the implant in a tensioned
position. The implant may be provided with an expanded
tip or cross-sectional shape to dilate the canal. In
some embodiments, the ends of the implant are
connected with a tensioning force in the range of
about 1 to 11 grams. [00011] The implant may be
provided with sufficient mechanical stiffness to
impart the tensioning force to the inner wall upon
placement within the canal. [00012] In some
embodiments, the implant may comprise a helical
filament or at least two filaments twisted together in
a helical manner or fixed in a parallel manner.-
[00013] In some embodiments, the implant may comprise
a serpentine filament having a circular or ovoid
cross-sectional aspect. [00014] In another embodiment,
the implant may comprise first regions of a first
cross-sectional dimension interspaced with second
regions of a second crosssectional dimension wherein
the first cross-sectional dimension is larger than the
second cross-sectional dimension, hi some embodiments,
the first regions comprise beads or cylindrical
segments and may freely rotate relative to the second
regions. [00015] hi another embodiment the implant may
comprise filament loops connected to an axial element
or connected at alternating ends.[00016] The implant
may be provided with a shape to promote flow of
aqueous humor from the inner wall of the canal to the
collector channels on the outer wall of the canal hi
some embodiments, the implant may comprise multiple
angular bends resembling a saw-tooth profile,
repeating semicircular profiles, a helical filament or
a tube with internal channels. [00017] The implant may
comprise a metal, a biocompatible polymer and/or a
biologically active agent. The biologically active
agent may be an anti-thrombogenic agent,
anti-microbial agent, anti-inflammatory agent,
anti-fibrotic agent, anti-cell proliferative agent or
anti-adhesion agent. [00018] The invention is also
directed to a tool for insertion of an implant into
Schlemm's canal of the eye comprising an implant
comprising an elongated element with distal and
proximal ends positionable within said canal so as to
provide a tensioning force to the inner wall of the
canal to thereby increase fluid permeability of the
inner wall of the canal, the implant attached to a
flexible cannula or guidewire The tool may further
comprise a mechanical element on the cannula for
attachment of the implant to the cannula hi some
embodiments, the mechanical element may comprise a
hole, slot, or an area of increased diameter at a tip
of the cannula. [00019] The tool may also comprise a
guidance element for locating the tool during
placement and advancement within Schlemm's canal. In
one embodiment, the guidance element may be a fiber
optic beacon. The tool may also comprise an expandable
mechanical element for dilating the canal, a lumen for
injection of viscous materials, a lubricious coating
and/or a rounded tip. [00020] A method is provided for
increasing the outflow of fluid through Schlemm's
canal that is useful for treatment of glaucoma. The
implant is placed in Schlemm's canal by use of a
flexible delivery instrument attached to the implant.
The method comprises positioning the instrument and
implant within the canal, releasing the implant and
connecting the distal and proximal ends of the implant
to apply sufficient tensioning force on the inner wall
of the canal to increase fluid permeability. A method
is also provided for increasing the aqueous outflow of
fluid through Schlemm's canal in the eye by
positioning in the canal a delivery instrument
attached to the implant securing one of the distal or
proximal ends of the implant within the canal,
adjusting the implant to provide sufficient tensioning
force on the inner wall of the canal to increase fluid
permeability of the inner wall of the canal, and
securing the other of the distal or proximal ends
within said canal to maintain the 



tensioning force on the inner wall of the
canal.Description of the Drawings [00021] Figure 1 is
a cross-sectional view of the anterior portion of the
human eye indicating the location of Schlemm's canal
and other relevant structures. [00022] Figure 2 is a
3-D sectional view indicating the traverse of
Schlemm's canal around the limbus. [00023] Figure 3 is
a cross-sectional view of a filament implant placed
within Schlemm's canal and providing tension on the
inner wall (trabecular meshwork) portion of the canal.
[00024] Figs. 4a and 4b show two embodiments of a
filament implant comprising a non-uniform
cross-section. Fig. 4a shows a "bead-on-a-string"
format. Fig. 4b shows a series of varying diameter
cylindrical segments. [00025] Figs. 5a and 5b show two
embodiments of tensioning filaments arranged in an
axial pattern. Fig. 5a shows a series of oval loops
connected at alternating ends. Fig. 5b shows a series
of loops connected along a backbone. [00026] Figs. 6a
and 6b show two embodiments of tensioning devices in a
configuration of multiple bends designed to place the
inner wall of the Schlemm's canal in tension. Fig. 6a
shows a device configured in a saw-tooth pattern. Fig.
6b shows a device configured with serial semi-circular
bends. [00027] Figure 7 shows a filament implant with
a securement device comprising a spring element to
provide tension on the filament in-situ in the eye.
[00028] Figs. 8a ands 8b show a filament implant in
expanded and contracted position with a securement
device comprising a spring element in a protective
housing to provide tension on the filament in-situ in
the eye. [00029] Figure 9 shows a filament implant
with a securement element comprising a crimped
coupling to attach the two ends of the filament
together under tension. [00030] Figs. 10a- 10c show
delivery instruments with features on the distal tip
for attachment of a filament implant. Fig. 10a shows a
delivery instrument with a distal tip of larger
diameter than the shaft. Fig. 10b shows a delivery
instrument with a larger distal tip, a short segment
of shaft and then an enlarged segment of shaft.Fig.
1OG shows a delivery instrument with a tabbed
attachment point as a component of the instrument.
[00031] Figs. 11a and l ib show an implant comprising
a series of round loops slightly overlapping in the
manner of a flattened coil spring. Fig. 11a shows the
side view when compressed. [00032] Fig. 12 shows an
implant of the invention in the form of a helical
filament. [00033] Fig. 13 shows an implant according
to the invention that is tubular in shape with
internal channels directed from the surface
interfacing the inner wall of Schlemm's canal to the
surface interfacing the outer wall. [00034] Figure 14
is a graph of fluid outflow vs applied tension on a
prolene filament implant as described according to
Example 2. [00035] Figure 15 is a graph of fluid
outflow as a function of tension on a prolene filament
implant at three different intraocular pressures as
described according to Example 3. [00036] Figure 16 is
a bar graph summarizing outflow in tensioning tests
described in Example 4. Description of the Embodiments
[00037] The invention provides an ophthalmic implant
comprising a flexible, elongated element with distal
(farthest from the inserting instrument) and proximal
(nearest to the inserting instrument) ends, and
cross-sectional dimensions less than Schlemm's canal,
which may be inserted into the canal and positioned to
provide sufficient tension force to the interfacing
trabecular meshwork on the inner wall of the canal to
improve the outflow of aqueous humor. Referring to
Figs. 1 and 2, Schlemm's canal 10 is a hoop shaped
channel in the eye adjacent to the trabecular
meshwork. Aqueous humor drains from the anterior
chamber through the trabecular meshwork at the inner
wall of Schlemm's canal and into the canal. From the
canal, the aqueous humor is guided into collector
channels and eventually into aqueous veins and the
venous system. Schlemm's canal has a radius in the
range of approximately 5 to 7 mm and typical ovoid
cross-sectional dimensions of 200 microns by 50
microns. Surgical access to Schlemm's canal may be
performed by dissection of a scleral flap, 



as performed in the viscocaiialostomy and deep
sclerectomy surgical procedures, or by a scleral
radial incision. Once surgical access is achieved, the
implant is placedinto Schlemm's canal and is guided
along the circumference of Schlemm's canal. The canal
may be pre-dilated by such means as injection of a
viscoelastic in order to facilitate the placement of
the implant. [00038] Referring to Fig. 3, in one
embodiment the distal end of the implant 11 may then
be secured to the proximal end and drawn together in a
manner to apply tension along the long axis of the
implant, and thereby impart a radially inward force 12
to the inner wall of Schlemm's canal. While not
intending to be bound by any particular theory, in
addition to increasing aqueous outflow through the
inner wall of the canal by the application of tension,
the radially inward force may also act to limit
distension of the inner wall. Distention of the inner
wall can decrease the aqueous outflow through the
canal due to inner wall contact with the outer wall.
[00039] In one embodiment, the implant comprises a
filament that is placed within and entirely along the
circumference of Schlemm's canal. The proximal and
distal ends of the filament are tied together to apply
an inward mechanical force on the inner wall of the
canal. The filament may comprise elastic or
non-elastic material or a combination of elastic and
non-elastic materials. The tensioning may be
accomplished by use of an elastic implant that has the
advantage of applying tension uniformly over the
circumference of the canal by stretching the implant
before joining the ends. This particular embodiment of
the implant applies a mechanical force and tension to
the inner wall of the canal and the trabecular
meshwork but does not contact or apply mechanical
force to the other walls of the canal. The filament
may be as small as 10 microns in diameter or as large
as the canal, approximately 200 microns. In addition,
if the canal is dilated prior to implantation or
stretched during implantation, filaments of much
larger dimensions, up to 350 microns in diameter may
be implanted. The filament may or may not have a lumen
or internal or external channels for transport of
aqueous humor. The filament may have a uniform or non
uniform cross section to enhance the flow of aqueous
in the canal. The filament may comprise any material
that is non-toxic and non-inflammatory to the
interfacing tissues. Minimal tissue reaction is
desired to minimize fibrous tissue formation at the
implant-tissue interface, which may compromise outflow
of aqueous humor. The implant may also comprise one or
more filaments wrapped together or arranged in a
parallel manner. [00040] In an alternate embodiment,
the implant comprises a filament comprising first
regions of a first cross-sectional dimension
interspaced with second regions of a second
cross-sectional dimension such that the first
cross-sectional dimension is larger than the second
cross-sectional dimension. This
non-uniformcross-section, such as relatively uniformly
spaced areas of larger cross-section, results in an
implant resembling a strand of beads or cylindrical
segments, such as shown in the two embodiments of Fig.
4a and Fig. 4b. The beads or areas of larger
crosssectional dimension, 13, 14, may comprise the
same material as the smaller filament regions or
alternatively may comprise another material. The beads
or areas of larger cross-section may be mechanically
integral to the smaller filament regions or fabricated
such that the beads are threaded over the smaller
filament through a channel in the beads. The bead
channels and filament dimensions may be sized to allow
free rotation of the bead along the axis formed by the
channel to minimize mechanical irritation to the
interfacing tissues during movement. [00041] In
another alternate embodiment, the implant may comprise
one or more tensioning elements axially aligned. The
tensioning elements may be filaments, including wires,
having a circular or ovoid cross-sectional aspect. The
elements may be connected together, as shown in Fig.
5a, in a looped filament configuration to form a
series of oval filament loops 15 attached together
alternately at the top and the bottom of the loops,
creating a "herringbone" style pattern. Referring to
Fig. 5b, the elements 16 may be a series of filament
loops connected along an axial backbone element 17.
Alternately, referring to Fig. 11, the implant may
comprise a series of round loops 31, adjacent to each
other or slightly overlapping, in the manner of a
flattened coil spring. The elements may be separate
components that may be serially placed within the
canal. Mechanical force may be applied along the long
axis of the implant to apply axial tension only to the
inner wall of the canal. In addition, the tensioning
elements may be disposed within the canal to place the
inner wall of the canal in tension by mechanical force
between the inner and outer wall, i.e. the short 



cross-sectional axis of the canal; or between the
anterior and posterior walls of the canal, i.e. the
long cross-sectional axis of the canal or a
combination thereof. In this fashion, the tensioning
elements may be designed to not only provide
appropriate tensioning force to the inner wall of the
canal, but to also provide a secondary expansion force
to separate the walls of the canal or to dilate the
canal. [00042] In another alternate embodiment, the
implant may comprise a tensioning filament with a
shape to promote flow of aqueous humor from the inner
wall of Schlemm's canal to the collector channels on
the outer wall of the canal. Referring to Fig. 6a, the
filament is provided in a configuration with multiple
angular bends 18a to resemble a saw-tooth profile.
Repeating semi-circular profiles 18b may be provided
as shown in Fig. 6b. Referring to Fig. 12, a helical
filament 32 may also be used. The implant 33 may also
be tubular in shape as exemplified in Fig. 13 with
internal channels 34 directed from the surface
interfacing the inner wall of the canal tothe surface
interfacing the outer wall. These embodiments form
radially outward flow paths from the inner wall to the
outer wall of the canal while applying tension to the
inner wall. [00043] The implant is preferred to have
sufficient mechanical stiffness to impart tension to
the inner wall of Schlemm's canal. The implant may
also have sufficient compliance to allow some movement
of the inner wall of Schlemm's canal due to normal
function of the eye. The implant may also be used in
sections to provide the same functionality as a single
implant placed along the entire circumference of the
canal. For example, instead of completely traversing
the circumferential length of the canal to allow
connection of the proximal end of the implant to the
distal end, the implant may occupy a segment of the
circumference. In one embodiment, one end of the
implant may be fixed to the tissue near or within the
canal and the other extended into the canal and fixed
to the tissue at some distance away after imparting
sufficient tensioning of the implant between the two
ends to provide the desired inward force on the inner
wall of the canal. In this fashion, a patient's eye
may be treated in segments, for example in the
situation where previous eye surgery has rendered a
portion of the canal inaccessible to a fully
circumferential implant. [00044] The implant may
additionally comprise a securement device to
facilitate attachment to the other end of the implant
or to tissues. The securement device may be attached
to one end of the implant or may be a separate
component that allows for the attachment and
tensioning of both ends of the implant. The securement
device may comprise the same material as the filament,
a different material or a plurality of materials. For
example, a small ring may be fabricated on the
proximal end of an implant filament to facilitate
tying of the distal end of the filament in a loop. The
securement device may comprise an attachment mechanism
for the distal end of the implant such that the distal
end may be directly attached to the securement device
and tensioned with a ratchet type mechanism. [00045]
Alternatively, as shown in Fig. 9, a clamp such as a
crimping element 19, which may be a separate component
or may be fabricated on one end of the implant, may be
used to secure the other end of the implant or to
nearby tissue. [00046] The securement device may
comprise a tensioning element such as an elastic
material or spring. In Fig.7 and Fig. 8, a spring 20
is shown which allows the tension on the implant to be
adjusted during surgical placement or in a second
subsequent procedure after implantation. The spring 20
may also allow for elastic change of the implant
length to accommodate tissue motion and thereby
minimizemotion at the implant-tissue interface and
resultant mechanical irritation. The spring may be
configured to reside within a protective case or
housing 21 to prevent restriction of spring motion by
interfacing tissue as well as to protect the tissues
from being impinged by the spring element. The spring
may also be provided with a feature to measure the
tension placed on the implant, such as an indicator of
spring extension configured on the outer protective
case 21. The spring may be visualized in-situ by
gonioscopy through the cornea to evaluate
post-operatively the functioning of the implant.
Typically, a spring or other elastic tensioning
material should provide about 4 to 6 grams force per
mm change in length. [00047] In general, the implant
is placed in Schlemm's canal by use of a flexible
delivery instrument attached to the implant. This may
be accomplished by positioning the instrument and
implant within the canal, releasing the implant and
connecting the distal and proximal ends of the implant
to apply sufficient tensioning 



force on the inner wall of the canal to increase fluid
permeability. If the mechanical stiffness of the
positioned implant alone is sufficient to impart
sufficient tensioning force on the inner wall of the
canal, then connecting the ends of the implant may not
be necessary. Alternatively, one end of the implant
may be anchored to the tissue, then the end may be
anchored to the tissue after adjusting the implant to
have the proper tension. In this manner the two ends
of the implant need not be secured to each other or
the implant need not traverse the entire
circumferential length of the canal. [00048] The
implant is preferably placed in Schlemm's canal by use
of a flexible delivery instrument that is used to
enter the canal such as described by PCT/US02/37572,
incorporated by reference herein. The implant is
progressively advanced along Schlemm's canal into the
desired location by the delivery instrument, such as a
cannula, optionally with prior or concurrent dilation
of the canal. The implant may be secured to the
delivery instrument and released from the instrument
once placed in the desired position within Schlemm's
canal or after traversing the circumference of the
canal. [00049] Alternatively, the delivery instrument
may be placed in the desired position within the
canal, and the implant secured to one end of the
instrument, such as a cannula or guidewire, and pulled
into the canal during withdrawal of the flexible
instrument. As shown in Figs. 10a- 10c delivery
instrument 25a, 25b and 25c may have features to aid
attachment and release of the implant or its
securement device. The instrument may have an
increased diameter segment 26 or segments 27, 28 at
thedistal end to facilitate attachment of one end of
the implant. Alternatively, such features may include
designs such as an appropriately sized hole or slot at
one end of the instrument to insert and attach a
portion of the implant. The delivery instalment may
have active mechanical element such as collar 29 that
accommodates an eyelet tab 30 to attach the implant
and/or to release the attached implant once placed
appropriately in Schlemm's canal. The delivery
instrument may also contain features such as a
delivery lumen to allow delivery of a dilating fluid
to Schlemm's canal prior to, or concurrent with,
placement of the implant. Once in the desired
location, mechanical features on the delivery
instrument member may be used to release the implant
in the proper position. [00050] The delivery
instalment may comprise a flexible guidewire or a
flexible microcannula designed for 360 cannulation of
Schlemm's canal. The delivery instalment will
typically be fabricated having a diameter in the range
of about 50 to 350 microns to fit within the canal.
The flexible delivery instrument may have a curved
distal end in a manner to approximate the radius of
curvature of Schlemm's canal, typically 5 to 7 mm. The
instrument may also comprise a guidance element to
effect proper advancement of the distal portion such
as described in PCT/US02/37572. Such guidance element
may comprise markings or a light transmission device
such as a fiber optic beacon at the distal tip of the
delivery instrument that allow the surgeon to identify
and locate the distal tip through the overlying
scleral tissues by either direct visualization or
non-invasive imaging during insertion and advancement
of the instalment within the canal. [00051] Dilation
of Schlemm's canal during advancement of the delivery
instalment has been found to facilitate atraumatic
placement of the delivery instrument and implant.
Dilation may be performed by injection of a high
viscosity fluid such as a surgical viscoelastic
material to the distal tip of the instalment through a
lumen in the instalment. Alternatively, the instalment
may comprise expandable elements at the distal tip
which may be repeatedly expanded and contracted to
dilate the canal during advancement of the device. A
rounded distal tip and a lubricious surface treatment
may facilitate insertion and progressive advancement
of the delivery instalment. [00052] To verify the
positioning of the delivery instalment in Schlemm's
canal several methods are useful, including use of a
fiber-optic beacon tip incorporated into the delivery
instalment, direct visual location during surgical
cutdown or by external image guidance such as
ultrasound imaging or optical coherence tomography.
Accurate positioning within the canal may be aided by
features of theinstrument such as markings to indicate
length within the canal, coatings or markers to aid
imaging, and markings to indicate rotational
alignment. Furthermore, the instrument or implant may
incorporate markers to assist in determining its
location such as fluorescent or ultrasonically
reflective coatings or radio-opaque markers. 



[00053] In one alternative embodiment, the implant may
be placed under direct visualization from the anterior
chamber of the eye. The implant secured on a delivery
instrument may be placed through a corneal incision
into the anterior chamber and through the trabecular
meshwork of the eye into Schlemm's canal. [00054] The
implant may comprise a variety of materials with
suitable biocompatibility and mechanical properties,
including metals such as stainless steels, titanium,
tungsten, nickel-titanium alloys, cobalt-chrome
alloys, biocompatible polymers such as
polymethylmethacrylate, polyimide, nylon,
polycarbonate, polystyrene, fluorinated polymers,
polyetheretherketone, polysulfone, polyethylene,
polypropylene, polyesters, polyurethane,
polydimethylsiloxane, polybutylene terephthalate,
polyethylene terephthalate, parylene, flexible
ceramics, carbon, biodegradable materials such as
polylactic acid, polyglycolic acid,
polyhydroxybuturate, polydioxanone, polytrimethylene
carbonate, biopolymers such as silk, collagen,
gelatin, glycosoaminoglycans, chitin, chitin
derivatives and elastin, and composites of such
materials. A filament implant may be circular, oval,
rectangular or in a variety of other shapes in
cross-section. The implant may be configured from a
piece of filament or wire, cut from a length of
material with the desired cross-sectional
configuration, chemically etched, mechanically or
laser machined, extruded or molded. [00055] The
implant may also comprise biologically active agents
to promote favorable biological response by the
interfacing tissues such as the minimization of blood
clots (anti-thrombogenic agents), inflammation,
infection and fibrosis (antifibrotic agents). Such
agents include anti-clotting agents such as heparin,
TPA, anti microbial agents such as antibiotics,
anti-inflammatory agents such as steroids,
antiadhesion agents such as hyaluronic acid and
anti-cell proliferation or anti-fibrotic agents such
as rapamycin, 5-fluorouracil, mitomycin, methotrexate
or paclitaxol. The biologically active agents may be
incorporated into the implant or applied as a coating.
[00056] Another function of the implant is that it may
serve as a marker and thus be visualized and assessed
from the anterior chamber to be safely used as an
alignment target for laser treatment of the trabecular
meshwork. For example, the implant material of
construction and design can allow laser treatment of
the adjacenttissue as a means to increase aqueous
humor flow in the region of the implant. The laser
treatment may be used to increase the permeability of
the trabecular meshwork or any fibrotic tissue that
may develop in the region of the implant. The laser
may be directed to the desired area of treatment
through the cornea by non-invasive methods or by the
insertion of a fiber optic into the anterior chamber.
The implant may have geometry or optically active
coatings to aid in the visualization and laser
treatment of adjacent tissue. [00057] The following
examples are provided to illustrate the invention, but
are not intended to limit the invention in any manner.
[00058] Example 1 Human whole globes were obtained
from a qualified tissue bank. The eyes were inflated
to approximately 10mm Hg anterior chamber pressure and
placed in a cupshaped holder. A single flap scleral
dissection was performed and Schlemm's canal was
exposed, allowing access to the ostia of the canal. A
200 micron diameter ophthalmic microcannula
(iTRACK(tm) microcannula, iScience Surgical Corp.) was
used to cannulate the entire canal circumference. The
microcannula was designed to provide a means of
expanding Schlemm's canal through the injection of
viscoelastic materials, and comprised an illuminated
beacon tip to provide visual indication of the
location of the microcannula when in the canal.
[00059] The microcannula was primed with viscoelastic
(Healon GV, Advanced Medical Optics, Inc) and inserted
into the ostia of the canal. Using a minimal amount of
viscoelastic injection to open the canal and provide a
lubricious environment, the microcannula was advanced
completely around the canal. The distal tip was pulled
out of the surgical site a sufficient distance to
attach the implant device. A filament of polypropylene
of approximately 28 microns diameter (Prolene,
Ethicon, Inc.) was tied to the distal end of the
microcannula, which was then withdrawn pulling the
filament into and around the canal. The filament was
removed from the tip of the microcannula and the two
ends tied in a surgical knot with tension on the loop,
thereby applying tension to the inner wall of
Schlemm's canal and the trabecular 



meshwork. The surgical flap was then closed. [00060]
Example 2 A human whole globe was prepared similar to
Example 1 above. The globe was placed in a room
temperature bath of phosphate buffered saline, and a
30 gauge infusion needle placed through the cornea to
provide fluid input. The needle wasattached to a
reservoir containing phosphate buffered saline set at
a height of 5.4 inches over the height of the Anterior
Chamber to provide a constant pressure infusion of 10
mm Hg. The fluid circuit also comprised a digital flow
meter (Sensiron, Inc) to record the flow rates on a PC
computer. A stabile baseline flow reading was taken
prior to surgical cut-down. Surgical access and
implant placement as described in Example 1 above was
performed, with the exceptions that a two-flap access
was used similar to viscocanalostomy and deep
sclerectomy surgery, and the filament was not tied.
The ends of the filament were brought out from under
the surgical flap and the surgical flap was carefully
sealed with cyanoacrylate adhesive without adhering
the filament to the tissues. The ends of the filament
were tied to the tips of a pair of hemostats. This
arrangement allowed for the application and release of
tension to the filament loop in the canal by opening
and closing the hemostats. [00061] The globe was
returned to the perfusion system and allowed to come
to flow equilibrium without tension on the filament.
Tension was then applied to the filament by opening
the hemostats, and again the flow was allowed to
stabilize. Alternate tensioning and release was
performed on a 15 minute interval while recording the
flow rates. The flow rate changed from a non-tensioned
value of 1.22 +/- 0.05 ul/min to a tensioned value of
1.93 +/- 0.01 ul/min, an increase of 58%. See Fie. 14.
[00062] Example 3 In another set of experiments, each
end of the 28 micron diameter filament implanted in
Schlemm's canal was attached to 30 gram mechanical
force gauges (Wagner Instruments) in a fixture such
that tension forces could be applied to the filament
ends. Outflow measurements were taken at three
different intraocular pressure values and with varying
tension. The value of the Outflow Facility was
calculated by dividing the outflow rate in ul/min by
the pressure in mm Hg. The experimental results
indicate an optimal value for increasing outflow
facility in a tension range of approximately 6-10
grams force along the entire length of the implant
long axis, or 0.159 to 0.265 grams per mm arc length
of canal for a nominal 12 mm diameter of curvature
canal. Outflow was significantly increased in the
tension range of 1 to 11 grams force or 0.027 to 0.292
grams force per mm of arc length of the canal for a
nominal 12 mm diameter of curvature canal. Further
increases in tension led to decreasing outflow
facility up to the failure point of the tissues. See
Fig. 15. [00063] Example 4 [00064] In a set of
experiments, a tensioning device for the filament was
tested.The tensioning device consisted of a micro
extension spring element fabricated from
nickel-titanium alloy (Nitinol). The spring element
was comprised of wire 38 microns diameter, wound in a
close packed helix (spring) with an outer diameter of
175 microns and an active coil length of 1.1 mm. The
ends of the spring were configured in closed loops at
right angles to the axis of the spring, for attachment
to the filament implant. The spring was designed to
perform in the linear superelastic region of Nitinol
to provide a linear spring force in the range 4-6
grams force/mm. The spring element was encased in a
thin walled polyimide tube with open ends. The spring
was extended to a length of approximately 4 mm and
then held in extension with small wire clips resting
between a spring loop and the polyimide tube housing.
In this manner, the spring could be attached to a
filament loop while extended and upon release of the
wire clips, the spring would compress thereby placing
tension on the loop proportionate to the amount of
deflection of the spring. The tension in the filament
could be determined by visually examining the amount
of spring extension. [00065] Enucleated human whole
globes were prepared as in Example 2 above.
Comparative experiments were run using the
polypropylene filament by itself as the control group
and the tensioning device as the test group. In the
control group, the filament was tied off in a loop
using a slip knot and applying as much tension as
could be reasonably achieved with manual techniques.
In the test group, the extended spring of the
tensioning device was attached to each end of the
filament, the slack was taken out of the loop and the
release clips removed allowing the spring to retract
and tension the filament. 



[00066] The experiment was repeated four times with a
significant increase in outflow (approximately twice
the control values) seen in 3 of the 4 experiments.
The fourth experiment indicated no apparent change.
See Fig. 16. Overall, an average increase in outflow
of approximately 75% was demonstrated by the use of
the filament with a tensioning device. [00067] Example
5 An experiment was prepared as in Example 3 above. In
this experiment, a 25 micron diameter stainless steel
filament was placed into and around the circumference
of Schlemm's canal and then attached to the mechanical
force gauges to measure the tension applied to the
filament and the inner wall of the canal. A high
resolution ultrasound imaging system (iVIEW(tm)
imaging system, iScience Surgical Corp) was used to
take cross-sectional images of the canal with the
implanted filament under different tensions. Images
were taken at 0, 5, 10, 15 and 20 grams of tension on
the filament. The images indicate an increasing
distension of Schlemm's Canal withincreasing filament
tension. It was observed that Schlemm's canal was
visible with an open lumen at all applied tensions,
including at filament tensions that demonstrated
little or no increase in aqueous outflow or aqueous
facility (0, 20 grams applied tension). These results
indicate the importance of the appropriate amount of
tension applied to the inner wall of Schlemm's canal
and the trabecular meshwork to increase aqueous
outflow. [00068] The foregoing description of the
specific embodiments reveals the general nature of the
invention that others can readily modify and/or adapt
for various applications of such specific embodiments
without departing form the general concept. Therefore,
such adaptations and modifications should be and are
intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiments. It
is to be understood that the phraseology or
terminology employed herein is for the purpose of
description and not of limitation.What is claimed is:
1. An implant for the treatment of glaucoma comprising
an elongated element with distal and proximal ends
positionable within Schlemm's canal of the eye so as
to provide a tensioning force to the inner wall of the
canal to thereby increase fluid permeability of the
inner wall of the canal. 2. An implant according to
Claim 1 wherein said tensioning force is provided to
said implant through a securing element at said one or
both of said ends, said securing element attachable to
a tensioning element providing said tensioning force.
3. An implant according to Claim 2 wherein said
tensioning element comprises a spring. 4. An implant
according to Claim 2 wherein said tensioning element
is accommodated in a protecting housing. 5. An implant
according to Claim 2 wherein said tensioning element
comprises a crimping element for securing said implant
in a tensioned position. 6. An implant according to
Claim 1 wherein said implant is provided with
sufficient mechanical stiffness to impart said
tensioning force to said inner wall upon placement
within said canal. 7. An implant according to Claim 1
wherein said elongated element comprises a helical
filament. 8. An implant according to Claim 1
comprising at least two of said elongated elements
twisted together in a helical manner. 9. An implant
according to Claim 1 comprising at least two of said
elongated elements fixed in a parallel manner.10. An
implant according to Claim 1 wherein said elongated
element comprises a serpentine filament having a
circular cross-sectional aspect. 11. An implant
according to Claim 1 wherein said elongated element
comprises a serpentine filament having an ovoid
cross-sectional aspect. 12. An implant according to
Claim 10 or 11 wherein said filament comprises a
series of loops. 13. An implant according to Claim 1
wherein said elongated element comprises first regions
of a first cross-sectional dimension interspaced with
second regions of a second cross-sectional dimension
wherein said first cross-sectional dimension is larger
than said second cross-sectional dimension. 14. An
implant according to Claim 13 wherein said first
regions comprise beads. 15. An implant according to
Claim 13 wherein said first regions comprise
cylindrical segments. < 



16. An implant according to Claim 13 wherein said
first regions freely rotate relative to said second
regions. 17. An implant according to Claim 1 wherein
said elongated element comprises filament loops
connected to an axial element. 18. An implant
according to Claim 1 wherein said elongated element
comprises filament loops connected at alternating
ends. 19. An implant according to Claim 1 wherein said
elongated element is provided with a shape to promote
flow of aqueous humor from the inner wall of said
canal to the collector channels on the outer wall of
said canal. 20. An implant according to Claim 19
wherein said shape comprises multiple angular bends
resembling a saw-tooth profile.21. An implant
according to Claim 19 wherein said shape comprises
repeating semicircular profiles. 22. An implant
according to Claim 19 wherein said shape comprises a
helical filament. 23. An implant according to Claim 19
wherein said shape comprises a tube with internal
channels. 24. An implant according to Claim 2 wherein
said securing element comprises a ring. 25. An implant
according to Claim 2 wherein said tensioning element
comprises a spring. 26. An implant according to Claim
2 wherein said tensioning element comprises an elastic
element providing 4 to 6 grams force per mm change in
length. 27. An implant according to Claim 2 wherein
said securing element comprises a clamp. 28. An
implant according to Claim 2 wherein said securing
element allows adjustment of the length of said
implant. 29. An implant according to Claim 1 provided
with an expanded tip to dilate said canal. 30. An
implant according to Claim 1 comprising a metal. 31.
An implant according to Claim 1 comprising a
biocompatible polymer. 32. An implant according to
Claim 1 comprising a biologically active agent.33. An
implant according to Claim 32 wherein said
biologically active agent is selected from the group
consisting of an anti-thrombogenic agent,
anti-microbial agent, anti-inflammatory agent,
anti-fibrotic agent, anti-cell proliferative agent and
anti-adhesion agent. 34. An implant according to Claim
33 wherein said biologically active agent is selected
from the group consisting of heparin, tissue
plasminogen activator, a steroid, an antimicrobial
agent, hyaluronic acid, rapamycin, paclitaxol,
5-fluorouracil, mitomycin and methotrexate. 35. An
implant according to Claim 1wherein said tensioning
force is in the range of about 0.027 to 0.292 grams
force per mm arc length of said canal. 36. An implant
according to Claim 35 wherein said tensioning force is
in the range of about 0.159 to 0.265 grams force per
mm arc length of said canal. 37. An implant according
to Claim 1 or 2 wherein said ends are connected with a
tensioning force in the range of about 1 to 11 grams.
38. An implant according to Claim 37 wherein said ends
are connected with a tensioning force in the range of
about 6 to 10 grams. 39. A tool for insertion of an
implant into Schlemm's canal of the eye comprising an
implant comprising an elongated element with distal
and proximal ends positionable within said canal so as
to provide a tensioning force to the inner wall of
said canal to thereby increase fluid permeability of
the inner wall of said canal, said implant attached to
a flexible cannula. 40. A tool for insertion of an
implant into Schlemm's canal of the eye comprising an
implant comprising an elongated element with distal
and proximal ends positionable within said canal so as
to provide a tensioning force to the inner wall of
said canal to thereby increase fluid permeability of
the inner wall of said canal, said implant attached to
a guidewire.41. A tool according to Claim 39 further
comprising a mechanical element on said cannula for
attachment of said implant to said cannula. 42. A tool
according to Claim 4 1 wherein said mechanical element
comprises a hole, slot, or an area of increased
diameter at a tip of said cannula. 43. A tool
according to Claim 39 or 40 further comprising a
guidance element for 



locating said tool during placement and advancement
within Schlemm's canal. 44. A tool according to Claim
43 wherein said guidance element comprises a fiber
optic beacon. 45. A tool according to Claim 39 further
comprising an expandable mechanical element for
dilating said canal. 46. A tool according to Claim 39
further comprising a lumen for injection of viscous
materials. 47. A tool according to Claim 39 further
comprising a lubricious coating. 48. A tool according
to Claim 39 wherein said cannula comprises a rounded
tip. 49. A method for increasing the aqueous outflow
of fluid through Schlemm's canal in the eye comprising
the steps of a) positioning in Schlemm's canal a
delivery tool comprising an implant, said implant
comprising an elongated element with distal and
proximal ends positionable within said canal so as to
provide a tensioning force to the inner wall of said
canal to thereby increase fluid permeability of the
inner wall of said canal; and a flexible delivery
device attached to said implant ; b) releasing said
implant from said tool in said canal; and c)
connecting said distal and proximal ends of said
implant to apply sufficient tensioning force by said
implant on the inner wall of said canal to increase
fluid permeability of the inner wall of said canal.
50. A method for increasing the aqueous outflow of
fluid through Schlemm's canal in the eye comprising
the steps ofa) positioning in Schlemm's canal a
delivery tool comprising an implant, said implant
comprising an elongated element with distal and
proximal ends positionable within said canal so as to
provide a tensioning force to the inner wall of said
canal to thereby increase fluid permeability of the
inner wall of said canal; and a flexible delivery
device attached to said implant ; b) securing one of
said distal or proximal ends within said canal; c)
adjusting said implant to provide sufficient
tensioning force by said implant on the inner wall of
said canal to increase fluid permeability of the inner
wall of said canal; d) securing the other of said
distal or proximal ends within said canal to maintain
said tensioning force on the inner wall of said canal.
51. A method according to Claim 49 or 50 wherein said
flexible delivery device comprises a cannula. 52. A
method according to Claim 49 or 50 wherein said
flexible delivery device comprises a guidewire. 53. An
implant according to any one of Claims 1 to 11 wherein
said tensioning force is axial. 54. An implant
according to any one of Claims 13 to 36 wherein said
tensioning force is axial. 55. An implant according to
Claim 37 wherein said tensioning force is axial. 56.
An implant according to Claim 38 wherein said
tensioning force is axial. 57. A tool according to
Claim 39 or 40 wherein said tensioning force is axial.
58. A method according to any one of Claims 49 to 52
wherein said tensioning force is axial. 


