
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
7 September 2007 (07.09.2007) PCT WO 2007/101204 Al

(51) International Patent Classification: (74) Agents: FLANIGAN, Mark, E. et al; 6201 South Free
A61K 31/435 (2006.01) A61P 27/06 (2006.01) way, Mail Code TB4-8, Fort Worth, TX 76134 (US).
A61K 31/47 (2006.01)

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/US2007/062889 AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(22) International Filing Date: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FT,

27 February 2007 (27.02.2007) GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,

(25) Filing Language: English JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV,LY, MA, MD, MG, MK, MN, MW, MX, MY,

(26) Publication Language: English MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
(30) Priority Data: RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,

60/777,065 27 February 2006 (27.02.2006) US TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(71) Applicant (for all designated States except US): ALCON (84) Designated States (unless otherwise indicated, for every
MANUFACTURING, LTD. [US/US]; 6201 South Free kind of regional protection available): ARIPO (BW, GH,
way, Mail Code TB4-8, Fort Worth, TX 76134 (US). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(72) Inventors; and ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(75) Inventors/Applicants (for US only): KLIMKO, Peter, European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

G. [US/US]; 2 115 Pembroke Drive, Fort Worth, TX 761 10 FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,
(US). PANG, Iok-hou [US/US]; 125 Starbridge Lane, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
Grand Prairie, TX 75052 (US). GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD OF TREATING GLAUCOMA

(57) Abstract: Described are methods for the
treatment of ocular hypertension or glaucoma
comprising administering a pharmaceutically
effective amount of one or more compounds
that inhibit the enzyme EgLN-3. Certain
embodiments of the invention combine the
use of EgLN-3 with other glaucoma treatment
agents. The compounds of the invention may
be formulated in compositions comprising
pharmaceutically acceptable carriers.

Effects of Compound 1 on the survival of cultured adult rat RGCs.

The cells were treated with glutamate (100 µM) with or without Compound 1

for 3 days. * represents statistical significance (p < 0.05) vs. the glutamate-

treated group by One-way ANOVA followed by Dunnett's test.
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METHOD OF TREATING GLAUCOMA

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority under 35 U.S.C. § 119 to U.S.

Provisional Patent Application No. 60/777,065, filed February 27, 2006, the

entire contents of which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention is directed to the treatment of ocular disorders.

In particular, the present invention is directed toward the use of compounds

that inhibit the enzyme EgLN-3 to treat glaucoma in mammals.

BACKGROUND OF THE INVENTION

Primary open-angle glaucoma (POAG) is a progressive disease

leading to optic nerve damage and, ultimately, loss of vision. The cause of

this disease has been the subject of extensive studies for many years, but is

still not fully understood. Glaucoma results in the neuronal degeneration of the

retina and optic nerve head, a gradual loss of retinal ganglion cells ("RGCs"),

a decline of visual function, and ultimately blindness [Clark et al., Nature

Reviews Drug Discovery, 2003, Vol. 2(6):448-459].

Several theories have been proposed to elucidate the etiology of

glaucoma. One theory suggests that excessive intraocular pressure (lOP),

which in some cases may be coupled with genetic defects on the optic nerve

head, disrupts the normal axonal transport along the optic nerve and leads to

RGC injury. Glaucoma treatment via reduction in IOP is frequently achieved

with prescription eye drops containing therapeutic agents that suppress

aqueous humor production. These agents include beta-blockers, such as

timolol and betaxolol, and carbonic anhydrase inhibitors, such as dorzolamide

and bhnzolamide. Recently the use of prostaglandin analogs, such as

latanoprost, bimatoprost and travoprost, which are believed to reduce IOP by

increasing uveoscleral outflow, has become common. In cases where drug

therapy is ineffective, treatment with lasers or surgery to reduce IOP may be

required [Lee et al., Am. J. Health Syst Pharm., 2005, Vol. 62(7):691 -699].



Disturbance of axonal transport of the optic nerve hinders traffic of

intracellular molecules between the RGC soma and its terminal. Among the

intracellular molecules of importance are neurotrophic factors. Neurotrophic

factors are peptide molecules which stimulate or otherwise maintain growth of

neural tissue. The transport of neurotrophic factors from the brain to the cell

body of RGCs is essential to the survival of the RGCs. Deprivation of

neurotrophic factors can induce apoptosis of neurons, and may be a cause of

glaucoma-induced RGC apoptosis; see for example: Kuehn et al.,

Ophthalmol. CHn. North Am., 2005, Vol. 18(3):383-395; Anderson et al.,

Invest. Ophthalmol., 1974, Vol. 13(1 0):771 -783; Quigley et al., Invest.

Ophthalmol., 1976, Vol. 15(8):606-61 6; Mansour-Robaey et al., Proc. Natl.

Acad. Sci. USA, 1994, Vol. 9 1(5):1 632-1 636; Meyer-Franke et al., Neuron

1995, Vol. 15(4):805-819.

The neurotrophin ("NT") family of peptides include nerve growth factor

(NGF), brain-derived neurotrophic factor (BDNF), NT-3, NT-4/5 and NT-6.

They act by binding to neuron surface receptors, such as TrkA, TrkB, and

TrkC. The Trk receptors are tyrosine kinases. TrkA is selective for NGF,

TrkB is selective for both BDNF and NT-4/5, whereas TrkC is selective for NT-

3 . After binding, the NT-receptor complex is internalized and transported via

the axon to the soma. These receptors undergo ligand-induced

phosphorylation and dimerization, and activate a cascade of Ras protein-

mediated signal transduction events that affect multiple vital functions of the

neuron (Lewin et al., Ann. Rev. Neurosci., 1996, Vol. 19:289-31 7; Segal, R.A.,

Annu. Rev. Neurosci., 2003, Vol. 26:299-330; Kaplan et al., Curr. Opin. Cell

Biol., 1997, Vol. 9(2):21 3-221]. Thus, these receptors play a fundamental role

in the regulation of survival and differentiation of developing neurons and

contribute to the maintenance of neuronal machinery in adult life.

The EgLN enzyme family are 2-oxoglutarate-dependent prolyl

hydroxylases that catalyze the constitutive hydroxylation of the HIF-1 α protein

under normoxic conditions [Peso et al., J. Biol. Chem., 2003,

Vol. 278(49):48690-48695; Ivan et al., PNAS, 2002, Vol. 99(21 ):1 3459-

13464]. The hydroxylated HIF-1 α protein is targeted for polyubiquination and

proteasomal degradation by pVHL, the protein product of the von Hippel-

Landau gene. Under hypoxic conditions, oxygen concentration becomes rate-

limiting and EgLN-catalyzed hydroxylation is inefficient. Consequently HIF-1 α
escapes destruction and forms a heterodimer with HIF-1 β. The complex is



transported to the nucleus, where it acts as a transcription factor to up-

regulate production of hypoxia-induced proteins and growth factors, such as

vascular endothelial growth factor (VEGF).

The EgLN-3 isozyme also appears to be involved as an effector of

apoptosis in sympathetic neurons under certain conditions. In particular,

EgLN-3 is a downstream effector of nerve growth factor (NGF) withdrawal-

induced apoptosis in NGF-dependent neurons. Expression of SM-20, a rat

ortholog of EgLN-3, increases after NGF withdrawal in sympathetic neurons

[Lipscomb et al., J Neurochem. 1999, Vol. 73(1 )429-432]. Induced

expression of SM-20 causes apoptosis in sympathetic neurons even in the

presence of NGF in a caspase-dependent process [J Neurochem., 2003, Vol.

85(2):31 8-328]. Although SM-20 is normally resident in the mitochrondha, a

truncated form that localizes to the cytoplasm due to loss of a mitochondrial

targeting sequence still induces apoptosis [Lipscomb et al., J Biol Chem.

2001 , Vol. 276(7):5085-5092].

These findings have recently been extended to developing neurons

[Lee et al., Cancer Cell, 2005, Vol. 8:155-1 67]. During embryogenesis,

sympathetic neuronal precursor cells that fail to make synaptic connections

are starved of NGF and undergo c-Jun-dependent apoptosis

[Schlingensiepen et al., Cell. MoI. Neurobiol., 1994, Vol. 14:487-505]. The

risk of a type of neuronal cancer called familial pheochromocytoma is

increased by germline mutations that inactivate pVHL or NF1 (an antagonist

of the NGF receptor TrkA), or that activate c-RET (the receptor for glial

derived neurotrophic factor, which cross-talks with TrkA). In each of these

cases the intracellular concentration of the c-Jun antagonist JunB increases,

inhibiting apoptosis. Germline mutations that reduce the activity of succinate

dehydrogenase (SDH) also increase familial pheochromocytoma risk.

Succinate is a co-product of EgLN-3-catalyzed proline hydroxylation and

feedback inhibits the enzyme, and thus needs to be removed by SDH for

EgLN-3 prolyl hydroxylase activity. Sporadic pheochromocytoma due to

somatic mutation in one of these genes is rare since apoptosis of

"unconnected" sympathetic neuronal precursor cells is not important once

embryogenesis is complete.

NGF withdrawal-induced apoptosis requires EgLN-3 proline

hydroxylase activity. EgLN-3-induced cell death is not reduced by co-



expression of JunB. Additionally, EgLN-3 expression knockdown by siRNA

inhibits c-Jun induced cell death. These observations indicate that EgLN-3 is

necessary and sufficient for NGF withdrawal-induced apoptosis, and acts

downstream of c-Jun. The presumed protein target of EgLN-3-catalyzed

proline hydroxylation that is important for apoptosis induction has not been

identified, although it is suspected that pVHL's polyubiquination (and

subsequent marking for proteasomal destruction) of a hyperphosphorylated

form of atypical protein kinase C is responsible for pVHL's suppression of

JunB.

Induction of neuronal apoptosis via c-Jun N-terminal kinase (JNK)-

catalyzed phosphorylation of c-Jun has been implicated as a contributing

factor to retinal ganglion cell (RGC) death in high lOP-induced glaucoma

models in monkeys [Hashimoto et al., Brain Research, 2005, Vol. 1054(2):

103-1 15] and rats [Quigley et al., Exp Eye Res. 2005, Vol. 80(5):663-670;

Wang et al., J Neurosci Res., 2005, Vol. 82(5):674-678; Kwong et al., J. Exp.

Eye. Res., 2006, Vol. 82(4):576-582]. It is not known how important NGF

withdrawal is the pathological progression of RGC loss in POAG, nor whether

EgLN-3 can act via the JNK pathway to induce neuronal cell death.



SUMMARY OF THE INVENTION

The present invention is directed in part to methods for the treatment of

glaucoma and ocular hypertension. According to one embodiment of the

present invention, an inhibitor of the EgLN-3 enzyme is administered to a

patient suffering from glaucoma or ocular hypertension. The present

invention further discloses compositions and methods for systemic, topical,

and intraocular administration of an EgLN-3 inhibitor.

Without intending to be bound by any theory, it is believed that the

compounds of the present invention treat ocular hypertension and glaucoma

by inhibiting RGC cell death induced by trophic factor withdrawal, by inhibiting

activation of the c-Jun/JNK pathway, and by inhibiting deposition of

extracellular matrix in the trabecular meshwork via reducing conversion of

procollagen to collagen.

The foregoing brief summary broadly describes the features and

technical advantages of certain embodiments of the present invention.

Additional features and technical advantages will be described in the detailed

description of the invention that follows. Novel features which are believed to

be characteristic of the invention will be better understood from the detailed

description of the invention when considered in connection with any

accompanying examples. However, examples provided herein are intended

to help illustrate the invention or assist with developing an understanding of

the invention, and are not intended to be definitions of the invention's scope.



BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention and the

advantages thereof may be acquired by referring to the following description,

taken in conjunction with the accompanying drawing in which like reference

numbers indicate like features and wherein:

FIGURE 1 is a bar graph showing the effects of Compound 1 on the

survival of cultured adult rat retinal ganglion cells (RGCs).



DETAILED DESCRIPTION OF THE INVENTION

Unless indicated otherwise, all component amounts are presented o n a

% (w/v) basis.

The present invention generally provides EgLN-3 inhibitory compounds

used as treatments for ocular hypertension or glaucoma. In one embodiment

a composition comprising one o r more compounds of formulae A-H (shown

below) is administered to a patient suffering from or at risk of suffering from

ocular hypertension o r glaucoma.

wherein:

R is H, C-1-6 straight chain o r branched alkyl, phenyl, o r benzyl, o r CO2R forms

a salt of formula CO 2 M +, with M + being Li+, Na+, K+, o r NH4
+; and

R 1 is H, C(O)CH 3, o r C(O)C 6H5 .

Preferred are compounds of formulae A-H with R being H, C H3, C H5 , o r /-

C 3H7, and R 1 being H or C(O)CH 3 . Especially preferred are compounds B

and G with R being H, C H3, C2H5 , o r /-C 3H7, and R 1 being H o r C(O)CH 3.

The use of some of the compounds of the present invention for the

treatment of obesity (Fourney et al., U.S. Published Patent Application

US2004/0235082A1 ) , anemia via increasing endogenous erythropoietin

production (Arend et al., U.S. Published Patent Application



US2004/025421 5A1 ) , and fibrotic diseases (Weidmann et al., US Patent Nos.

6,093,730 and US 5,71 9,164), have been disclosed. Additionally, the use of

the compounds of formula G with R = H and R1 = an alkyl group has been

disclosed for the postoperative treatment of glaucoma operations (ostensibly

to maintain the filtration bleb) (Wiedmann et al., U.S. Patent No. 6,020,350).

However the use of the compounds of the present invention for the treatment

of glaucomatous optic neuropathy or as lOP-lowering agents has not been

disclosed.

The compounds of formulae A-H with both R and R1 = H can be

synthesized according to the following literature examples tabulated below

and herein incorporated by reference.

The EgLN-3 inhibitors of the present invention may be contained in

various types of pharmaceutical compositions, in accordance with formulation

techniques known to those skilled in the art. For example, the compounds

may be included in tablets, capsules, solutions, suspensions, and other

dosage forms adapted for oral administration; solutions and suspensions

adapted for parenteral use; and solutions and suspensions adapted for topical

ophthalmic, depot, or intra-ocular injection. Solutions, suspensions, and other

dosage forms adapted for depot, oral, intra-ocular injection, and topical

ophthalmic administration, such as eye drops or tissue irrigating solutions, are

particularly preferred for the prevention or treatment of acute or chronic retinal

or optic nerve head damage. Compositions can also be delivered topically to



the eye according to the teachings in US Patent No. 5,952,378, which is

herein incorporated by reference.

According to certain methods of the present invention, one or more

compounds of formulae A-H can be administered in a pharmaceutically

acceptable carrier or implant. Also, the compound(s) of formulae A-H can be

administered topically in the form of an eye drop. The compositions and

implants are formulated in accordance with methods known in the art.

Additionally, the compositions and implants may contain a second drug, other

than a compound of formulae A-H.

When the EgLN-3 inhibitors of the present invention are administered

through means such as retrobulbar or periocular injection and intraocular

perfusion or injection, the use of balanced salt irrigating solutions as vehicles

are most preferred. BSS® Sterile Irrigating Solution and BSS Plus® Sterile

Intraocular Irrigating Solution (Alcon Laboratories, Inc., Fort Worth, Texas,

USA) are examples of physiologically balanced intraocular irrigating solutions.

The latter type of solution is described in U.S. Patent No. 4,550,022

(Garabedian, et al.), the entire contents of which are hereby incorporated in

the present specification by reference. Retrobulbar and periocular injections

are known to those skilled in the art and are described in numerous

publications including, for example, Ophthalmic Surgery: Principles of

Practice, Ed., G . L . Spaeth, W . B. Sanders Co., Philadelphia, Pa., U.S.A., pg.

85-87, 1990.

The compositions and implants used in the methods of the present

invention contain a pharmaceutically effective amount of a compound of

formulae A-H. Generally, the topically administrable compositions used in the

methods of the present invention will contain from 0.001 to 2% of a compound

of formulae A-H. Preferably, the compositions of the present invention will

contain from 0.01 to 1% of a compound of formula A-H.

The topical compositions administered according to the present

invention may also include various other ingredients, including but not limited

to surfactants, tonicity agents, buffers, preservatives, co-solvents and

viscosity building agents.



The compounds of the present invention can also be used in

combination with other glaucoma treatment agents, such as, but not limited to,

β-blockers, prostaglandin analogs, carbonic anhydrase inhibitors, α2 agonists,

miotics, rho kinase inhibitors, and neuroprotectants.

Various tonicity agents may be employed to adjust the tonicity of the

composition, preferably to that of natural tears for ophthalmic compositions.

For example, sodium chloride, potassium chloride, magnesium chloride,

calcium chloride, dextrose and/or mannitol may be added to the composition

to approximate physiological tonicity. Such an amount of tonicity agent will

vary, depending on the particular agent to be added. In general, however, the

compositions will have a tonicity agent in an amount sufficient to cause the

final composition to have an ophthalmically acceptable osmolality (generally

about 150 - 450 mOsm, preferably 250 - 350 mOsm).

An appropriate buffer system (e.g., sodium phosphate, sodium acetate,

sodium citrate, sodium borate or boric acid) may be added to the

compositions to prevent pH drift under storage conditions. The particular

concentration will vary, depending on the agent employed. Preferably,

however, the buffer will be chosen to maintain a target pH within the range of

pH 5.5-8.

Topical ophthalmic products are typically packaged in multidose form.

Preservatives are typically required to prevent microbial contamination during

use. Suitable preservatives include: benzalkonium chloride, chlorobutanol,

benzododecinium bromide, methyl paraben, propyl paraben, phenylethyl

alcohol, edetate disodium, sorbic acid, polyquaternium-1 , or other agents

known to those skilled in the art. Such preservatives are typically employed at

a level of from 0.001 to 1.0% w/v. Unit dose compositions of the present

invention will be sterile, but typically will not contain a preservative and will be

unpreserved.

Generally, 1 - 2 drops of topical compositions containing one or more

compounds of formulae A-H will be administered from 1 - 3 times per day.



The following Examples 1 and 2 are formulations useful for intraocular,

periocular, or retrobulbar injection or perfusion.

EXAMPLE 1

EXAMPLE 2



EXAMPLE 3

The following tablet formulation can be made pursuant to U.S. Patent

No. 5,049,586, incorporated herein by reference.

The following exemplifies a formulation useful for topical ophthalmic

application.

Example 4



EXAMPLE 5

An EgLN-3 inhibitor, Compound 1 below, was tested in cultured adult

rat retinal ganglion cells (RGCs). It was shown to protect against glutamate-

induced cytotoxicity.

Compound 1

METHODS

Adult Sprague-Dawley rats were euthanized by CO2 asphyxiation.

Their eyes were enucleated and the retinas isolated. Retinal cells were

treated with of papain solution for 25 min at 370C, then washed 3 times with 5

ml_ RGC culture medium (Neurobasal medium with various nutrient

supplements + 1% fetal calf serum). Retinal cells were dispersed by

trituration. Cell suspension was placed onto poly-D-lysine- and laminin-coated

8-well chambered culture slides. The cells were then cultured in 95% air/5%

CO2 at 370C.

For glutamate-induced toxicity studies, cells were pre-treated with

vehicle or the indicated compounds for 30 minutes, followed by 100 µM

glutamate for 3 days. At the end of the incubation period, the cells were fixed

and labeled for Thy-1 , a RGC marker, by immunocytochemistry. Cell survival

was quantified by manually counting Thy-1 -positive healthy cells in each well.

RESULTS

Only 70% of RGCs survived after a 3-day treatment of 100 µM

glutamate. The graph of FIGURE 1 shows that Compound 1, at 1 µM, was

protective against this insult.

The present invention and its embodiments have been described in

detail. However, the scope of the present invention is not intended to be

limited to the particular embodiments of any process, manufacture,



composition of matter, compounds, means, methods, and/or steps described

in the specification. Various modifications, substitutions, and variations can

be made to the disclosed material without departing from the spirit and/or

essential characteristics of the present invention. Accordingly, one of ordinary

skill in the art will readily appreciate from the disclosure that later

modifications, substitutions, and/or variations performing substantially the

same function or achieving substantially the same result as embodiments

described herein may be utilized according to such related embodiments of

the present invention. Thus, the following claims are intended to encompass

within their scope modifications, substitutions, and variations to processes,

manufactures, compositions of matter, compounds, means, methods, and/or

steps disclosed herein.



CLAIMS

WHAT IS CLAIMED IS:

1. A method for the treatment of ocular hypertension or glaucoma, which

comprises administering a pharmaceutically effective amount of one or more

compounds that inhibit the enzyme EgLN-3.

2 . The method of Claim 1, wherein the compound is selected from the

group consisting of:

wherein:

R is H, Ci-6 straight chain or branched alkyl, phenyl, or benzyl, or CO2R forms

a salt of formula CO2 M+, with M+ being Li+, Na+, K+, or NH4
+; and

R1 is H, C(O)CH 3, or C(O)C6H5.



3 . The method of claim 2, wherein the compound is selected from the

group consisting of:

wherein:

R is H, H, CH3, C2H5, or /-C3H7; and

R1 is H or C(O)CH 3.

4 . The method of Claim 1, wherein the compound is administered in an

implant.

5 . The method of claim 1, wherein the compound is administered as an

intraocular injection.

6 . The method of Claim 1 wherein the compound is administered topically

to the eye in a composition comprising a pharmaceutically acceptable carrier.

7 . The method of Claim 6 wherein the pharmaceutically effective amount

of the compound in the composition is from 0.001 to 2% (w/v).

8 . The method of Claim 7 wherein the pharmaceutically effective amount

is from 0.01 to 1% (w/v).

9 . The method of Claim 6, wherein the pharmaceutically acceptable

carrier comprises one or more ingredients selected from the group consisting

of surfactants; tonicity agents; buffers; preservatives; co-solvents; gelling

agents, vehicles, water, penetration enhancers, and viscosity building agents.



10 . The method of claim 1 wherein said administering further comprises

administering said one or more compounds together with or separate from at

least one glaucoma treatment agent selected from the group consisting of:

β-blockers, prostaglandin analogs, carbonic anhydrase inhibitors, 012

agonists, miotics, rho kinase inhibitors and neuroprotectants.
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