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Fig. 1A

(57) Abstract: Compositions and methods for treating glaucoma by restoring the filtration capabilities of the endothelial lining of
Schlemm 's canal are provided. More particularly, methods of lowering intraocular pressure are disclosed, where a subject in need of
such treatment 1s administered a therapeutically effective amount of a composition. In various embodiments, the composition may
include tyrosine or L-DOPA conjugated to an ascorbic acid, an enzyme, a nucleic acid encoding an enzyme, or trabecular meshwork
cells.
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COMPOSITIONS AND METHODS FORTREATING GLAUCUMA

BACKGROUND

001 ] Aspects of the disclosure relate generally to methods and composifions
for treating glavcoma. More particelarly, the treatment of glavcoma may mvolve
restoning the filtration capability of the trabecular meshwork of the eve.

130021 laucoma 18 a leading cause of blindness charactenized by increased
pressure withm the eve, which, if untreated, can lead to destruction of the optic nerve. A
cicar thud called agueous humor 1s formed constantly by the ciliary bodics and secreted
imto the posterior chamber. This fluid passes over the lens and cnters the anternor
chamber. Aqueous hamor passes out the anterior chamber of the ¢ve at approxumaiely
the same rate at which 1t 1s produced through one of two routes. Approximately 10% of
the fhuid percolates between muscie fibers of the ciliary body, and approximately 90% of
the fluid 15 removed via the “canalicular route,” through a filter-like mass of tissue called
the trabecular meshwork and Schiemm’s canal, and then enters the scleral venous
network.

BO03] there arc a number of ditterent forms of glaucoma, including open-
angle and closed-angle glaucoma, as well as steroid mmduced glavcoma. The most
common form of glaucoma i1s open-angle, which resulis from mcreased resistance in the
outflow pathway through the trabecular meshwork.,  The mechanism by which the
outflow pathway becomes blocked or madequate 15 poorly understood, but the result 15 an
imcrease m pressure within the eye, which compresses the axons n the optic nerve and
can compromise vascular supply to the nerve. Uver time, this can result m partial or total
blindness.  The trabecular meshwork 1s not physically obstructed, but no longe
ctiiciently transports fhiud between the anterior chamber and the scleral dramage veins.

[ 3004 Current treatment of glaucoma 1s either medical, surgical, or both.
Medications tor the treatment of glaucoma inchide prostaglandin analogs, which 1ncrease
thnd percolation between muscle fibers of the cibiary bodv, and nuotics, which arg
admimsicred as drops and cause contraction of the pupil of the eve by tightening the
muscie fibers of the s fo mcrease the rate at which the aguecous humor leaves the eve.

Epinephrine drops have also been successtul in reducing intraocular pressure, but have
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significant side effects. Other medications are emploved, such as B-adrenergic blocking
agents, as drops, or carbonic anhvdrase inhibitors as pills, which reduce the production of
tiuid.

B005] surgical solutions mclude applving a laser to mulltiple spots along the
trabecular meshwork, which 18 thought to change the extracellular matenal and enhance
outtlow. Approxamately 80% respond mitially to this treatment, but, vofortunately, 30%
have mcreased pressure within five vears.  Other solufions attempt to wncrease the
permeability of the trabecular meshwork or widen Schlemm’™s canal.  Another surgical
procedure 1s a trabeculectomy, wherein an mcision 1S made in the conpunctiva to form a
hole m the sclera for agueous thud to flow through. This can be performed cither with a
laser or through an open procedure. Both routes have nisks, including mfection or mjury
to the eye. With cither route, frequently the hole closes up over tume with consequent
Imcrease w pressure. A vanety of apparatuses have been suggested, such as umplantation
as a shunt or drain across the trabecular network, dramung cither to the sclera or to
Schlenim’'s canal.  Alternatively, some treatments have targeted the pores between
endothelial cells iming Schiemm s canal.

{3006 However, a need remains for a way of safely, lastinglv, and effectively
treating open-angle glavcoma. Current medical and surgical treatment options often lose
their efficacy with time. Furthermore, surgical treatments have associated risks of
mtection or myury to the eve, and current medical solutions often come with significant
side effects either atfecting vision, the structures of the cve, or with systemic side effects.
A need also exasts for a treatment of glavcoma which addresses the underlving pathology
i the agueous humor outilow svstem and leads to a return of drainage as seen i non-
glaucomatous cves. There exists a need as well for improved models of testing drugs ex

vive for use m thas ophthabmac application.

SUMMARY
{007 ] Mecthods and compositions for the treatment of glaucoma are provided.
The disclosure 1s based on the discovery of ascorbic acid conjugates i ocular fissue,
which provides a potential mechamism for regulation of miraoccular pressure.
HBO08 ] A method of lowering mtraccular pressure i1s disclosed. The method
includes adnunistening to a subject in need of such treatment, a therapeutically etiective

amount of an ascorbic acid conjugaie.
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30091 In one embodiment, the ascorbic acid conjugate comprises ascorbic

4%

acid or a denvative thercot coupled to tyrosine or a denvative thercof.  In other
cmbodiments, the ascorbic acid conjugate comprises ascorbic acid or a dernvative thercof
coupled to L-DOPA or a denvative thereof.

1301 0 In onc embodiment, a method of lowering mitraocular pressure mncludes
admimistering to a subject w need of such treatment, a therapeutically eifective amount of
a composttion thal mcreases an enzymatic activitv of comjugating ascorbic acid 1o
tyvrosine or a derivative thergof, or to L-DOPA or a denvative thereot.  The composition
may be an enzyme or enzvmatically active fragment thercot comprising kinase activity .
in other ecmbodiments, the composition may be an enzyvme or enzymatically active
fragment thereof compnsing esterase activity, In some emboduments, the composition 1s a
nuclerc acid that encodes for an enzyme or enzymatically active fragment thergof

130111 A pharmaceutical composition for use m lowering mtraccular pressure
is aiso disclosed. The composifion comprises ascorbic acid comjugated to fyrosme or L-
DOPA or denvatives thereof, and a pharmaceutically acceptable carmer, wheremn the
pharmaceutical composition 1s configured for mtraccular dehivery.

1301 2] in a vanation, the pharmaccutical composition for use n lowenng
intraocular pressure comprises an enzyme or enzymatically active fragment capable of
catalyzing the conpugation of ascorbic acid to tyrosine or L-DOPA or denvatives thereof,
and a pharmaceutically acceptable carnier, wherein the pharmaccutical composition 18
configured for mtraocuiar delivery.

(31 3] In another vanation, the pharmaceutical composition for use m
lowenng ntraocular pressure comprises an enzyme or cnzymatically active fragment
capable of catalyzing the hnking ot an ascorbic acid comjugate to a transmembrane
protein, and a pharmaceutically acceptable camer, wherein the pharmaceutical
composition 15 configured for mtraccular delivery, and wherem the comjugale comprises
ascorbic acid or a dernvative thereot coupled to tvrosine or L-DOPA or derivatives
thereot,

(31 4] In another vanation, the pharmaceutical composition for use
lowenng ntraocular pressure comprises a nuocleic acid which encodes an enzyme or
enzvmatically active fragment capable of catalyzing the conjugation of ascorbic acid to
tyrosine or L-DOPA or denvatives thereof, and a pharmaceutically acceptable carmrier,

wherem the pharmaceutical composition 1s configured for gene therapy.
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(301 5] In another vanation, the pharmaceutical composition for use m
lowenng ntraocular pressure comprses a nucleic acid which encodes an enzyme or
cnzyvmatically active fragment capable of catalvzing the lmking of an ascorbic acid
conjugate to a transmembrane protemn, and a pharmaceutically acceptable carrier, wherein
the pharmaceutical composiion 18 configured for mtraocular delivery, and wherem the
conjugate comprises ascorbic acid or a dervative thereot coupled o tyrosine or L-DUOPA
or denivatives thereof,

3016 Another method of lowenng mtraccular pressure is also disclosed.
The method mcludes adomunistering to a subject m need of such treatment, trabecular
meshwork cells to an anterior chamber ot an eye.

130171 In one embodiment, the trabecular meshwork c¢ells may be
admiumstered i free solution.

{30181 Anocther method of lowenng ntraccular pressure 1s also disclosed.
The method mciudes admuustering to a subject m necd of such {reatment, trabecular
meshwork cells onto a trabecular meshwork of an ¢ve.

30T 9 in onc cmbodiment, the ftrabecular meshwork cells may be
adnunistered under durect visualization. In another embodiment, the frabecular meshwork
cells may be adouwmstered under mdirect visualization.  In some embodiments, the
trabecular meshwork cells may be cultured cells from suspension, cell or organ cultures.
In some embodiments, prior to admuustration the trabecular meshwork celis may be
ocnctically moditied in vifro to correct a hereditary or acquired defect.

[ 30207 A composiion for use m lowering intraccular pressure 15 also
disclosed. 'The composition comprises trabecular meshwork cells 1 a pharmaceutically
acceptable cammer, whercin the composition 1s configured for mitraccular delivery or

delivery 1o a region of the trabecular meshwork.

BRIEF DESCRIPTION OF THE BDRAWINGS

13021 Figurc 1A 15 a cross-sectional dlustration of the anterior portion of the
CVE

(3022 ] Figure 1B 15 a cross-sechional dlustration of the mdo-comeal angle of
the eve

30231 Figure ZA 15 a schematic of the trabecular meshwork and Schlemm's

canal; Figure 2B-C are schematics of the membrane of an endothehal cell m the

muxtacanalicular linmmg of Schlemm’s canal.

v
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[ 3247 Figure 3 1s an ilustration of proposed structures of ascorbate

conjugates for tyrosmne and L-DOPA.

[3025] Figurc 4 1s a graph showing a trabecular meshwork sample extract
L/MS/MS of 33910/ 176.1 u.

3026 Figure 5 18 a graph showig a trabecular meshwork sample exiract
L/MS/MS ot 35509/176.1 u.

0277 Figure 6 1s a graph showing a frabecular meshwork sampie extract

LE/MB/MS.

DETAILED DESCRIPTION
Anatomy

3028 {slaucoma 1s defined by mcreased pressure in the chambers of the eve
resulting from disordered dramage of the aqueous humor from the antenor chamber 40
{Fig. 1A} of the eve nto the aqueous veins 78 (Fig. 1A) and thence to the scleral venous
dramnage systenm. {he precise mechanism of drainage 1s poorly understood. However, it
is known that the process, m a normal eve, 1s energy mdependent and self-regulating,
such that the pressure of the eye remains relatively constant. The outflow rate from the
anterior chamber of the eve generally matches the production rate of agqueous humor i
the postenior chamber of the eve 38,

130291 In the normal eye {(Figs. 1A and 1B), aqueous humor flows through the
trabecular meshwork 54 mto Schiemm’s canal 36, and thereby nto the venous system 68
of the sclera 72. 'The trabecular meshwork 54 and Schiemm s canal 36 are located at the
junction between the s 46 and the sclera 72, The comea 50, lens 35, and pupil 44 are
also visualized. The trabecular meshwork 1s wedge shaped mn structure and runs arcund
the entire circumicrence of the eve, forming a three dimensional sieve structure. The

trabecular meshwork 15 formed of collagen beams aligned with a monolayer of cells

called the trabecular cells, which produce an extraceliular substance which fills the spaces
between collagen beams. After passing through the trabecular meshwork, agueous matter
crosses the endothchial cells of the Canal of Schiemm 56, In this mannecr, trabecular
meshwork cells and Canal of Schlemm endothehal cells are thought to compnse the cells
of the prnmary outflow pathway of the eye. The trabecular meshwork 1s suspended
between the corneal endothelium and the ciliary body face and 1s compnsed of a series of
parallel layers of thin, flat, branching and mterlocking bands termed frabeculae. The

imner portion of the trabecular meshwork (closest to the s root and ciliary body 74} 1s
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called the uveal meshwork, whereas the outer portion {(closest to the Canal of dSchiemm)
1s called the comecoscleral or juxtacanalicular meshwork. The uveal meshwork trabeculae
measure approximately 4 pm m diameter, consist of a smgie layer of celis surrounding a
collagen core, and are arranged m lavers which are mterconnected. The spaces between
these trabeculae are trregular and range from about 25 wm to about 75 wm m size. The
trabeculac of the comeoscleral meshwork resemble broad, flat endothelial sheets about 3
i thick and up to about 20 um long. The spaces between these trabeculac are smalier
than m the uveal meshwork and more convohuted. As the lamellac approach the Canal of
Schiemm, the spaces between the trabeculae decrease to about 2 um. The resistance to
agueous humor outtlow through the trabecular meshwork has been reported fo resude
primardy n the juxtacanahicular meshwork (JUM}. At thas site two cell types are found:
trabecular meshwork cells and also endothehal cells of the mmner wall of Schiemm’s canal.
Treatments, both medical and surgical, have attempted to reduce 1ntraocular pressure by
mcreasing the permeability of the trabecular meshwork, creating new outflow pathways,
or widenmmg Schliemm's canal. However, these do not adequately address the
juxtacanalicular meshwork as the primary source of resistance (o outflow.

(3030 In contrast to the current level of knowiedge regarding cellular
processes responsible for agueous humor production by the cihiary body 74, relatively
hittle 1s known about the cellular mechanisms in the trabecular meshwork 54 that
determine the rate of aqueous ocutflow. Pmocviotic vesicles have been observed m the
mxtacanalicular meshwork and the mner wall of Schiemm s Canal. The function of these
vesicles remains unknown, but some mvestigators have suggested that the bulk tlow of
aguecous bumor through the meshwork cannot be accounted for by flow through the

interceliular spaces and that these vesicles playv a central role in outflow regulation.

Management of outflow by regulation of won channels m the cell membranes of the
nixtacanalicular meshwork and lonng of Schiemm™s Canal has been proposed. However,
it i1s proposed that a different mechanism, an osmotic drive, 15 responsibie for the
reguiation of outflow of aqueous humor through the JUCM. This osmotic drive 1s selt-
regulating, such that changes i mtraocular pressure Icad to corresponding changes in the

rate of outflow so that a relatively constant pressure 1s maimntained.

fixperiment
3031 ] it 15 known that the levels of L-ascorbic acid mn the agucous humor

{1.06 mmol/l; Arshmoft 5. A, ot al. "Ophthalmology”, chapter 4.20.2, published by

-6
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Mosby International Lid., 1999, hercin incorporated by reference m its entirety) are about
20 times higher {(Brubaker R F. et al. “investigative Ophthalmology & Visual Science™,
Fune 2000, vol. 41, No. 7, pp. 1681, herem mcorporated by reference m its entirety) than
those present 1 the blood circulation (20-70 umol/l, Geigy Scientific Tables, vol. 3, page
132, &th edition 1985, pablished by Ciba Geigy, herein meorporated by reference i its
entirety). In the case of the retina, the levels of L-ascorbic acid 1n the ¢ve are actually 100
times higher than those present i the blood circulation.

30321 Studies mvestigating the levels of ascorbic acid in the glaucomic eye
(Pei-ter Lee, MDD et al., “Agueous Humor Ascorbate Concentration and Open-Angle
Glaucoma,” Arch Opnrhalmol. 1977, 95(2):308-310, hercin mcorporated by reference in
its entuety) and assessing the use of dictary antioxadants m preventing glaucoma {Jac H.
Kang et al, “Antioxadant Intake and Primary Open-Angle Glauwcoma: A Prospective
Stadv,” Am. J Lipidemiol. {2003} 158 (4} 337-346, herein mcorporated by reference in its
cntirety} show that the icvel of ascorbic acid did not appear to be predictably reduced m
the glaucomic eve, nor does antioxidant use prevent glaucoma. Treatments directed at
use of ascorbic acid supplements have been proposed, theonzing that the anfioxadant
properties mav play a role m mamtaming reduced intraocular pressure {US2006/0004089,
heremn incorporated by reference in its entirety ).

30331 However, there has not been a satistactory explanation {or the
mcreased levels of L-ascorbic acid m the eve nor an ¢xplanation of the role that it plavs m
mamntaining normal function ot the cve.

(30341 An expermment was designed to contirm the presence of ascorbate
conjugates i isolated trabecular meshwork tissue samples from non-glaucomatous
donors. Tandem mass spectrometry {(MS/MS) and higuid chromatographv-tandem mass
spectrometry (LE/MS/MS) techmiques were developed using 6-0O-Palmitovl-L~Ascorbic
acid as surrogate for the proposed detection of ascorbate conpgates. Provided eve tissues
were then prepared for MS analvsis. Samples were screened for mechanistic ester linked
ascorbate structurcs through precursor 1on scanning technigues. 1o provide screening
procedurecs for the possible discovery of these molecules 1 eve fissue shices, standard
molecules were studied to optimize their detection through neutral loss MS/MS detection
trom a reversed phase HPLC scparation. These ncutral loss detection cxperuments were
centered around the loss of 176.1 u for ascorbate sugars. The figure of 1761 u was
determmed by looking at proposed structures of ascorbate conjugates 284 for tyrosine 206

and L-DUOPA 2088 as shown m Fig. 3. Ascorbic acid 280 has the chenmucal formula

.7
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CeHsls with an exact mass of 176.03 and a molecular weight of 176.12. The ascorbate
conjuegate fragmentation (Fig. 4} of an ascorbate conjugate with formula CisH-NOg with
an exact mass of 339,10 and a molecular weight of 339.30 was proposed to occur, feaving
a tyrosine group with formula CoHiwNG»™ and an exact mass of 164.07 and the ascorbate
molecole with formula CeH,0¢ with an exact mass of 175.02.  Alternatively, the
ascorbate conjugate fragmentation (Fig. 5) of the ascorbate conjugate with formula
{1sH7NOo with an exact mass of 335.09 and a molecular weight of 355 30 was proposed
to oceur, leaving a L-DOPA group with formula CoH N O-" and an exact mass of 180.07
and the ascorbate molecule with formula CcH-O with an exact mass 175.02.

3035 {Corneal tissue with scleral nms were stored in fissue culture media and
refrigerated at 2-87 € until mitial extraction was performed. The samples were extracted
as follows: the tissue was rinsed m balanced salt solution and the trabecular mesh was
stripped off using mucrosurgical mstruments and a dissecting microscope. The tissue was
transferred to a 13 X 100 num giass test tube. the cve tissuc was ground with the end of a
glass stunng rod. Tissue was noted to be very fibrous and resistant {o disruption. 1.0 miL
of HPLC grade methanol was added to the tissue and mixed. The mixture was then
sonicated m 37° C water bath for 1 hour. Next, 1.0 s of HPL{ grade chloroform was
added and mixed for 2 mmnutes on high setting. The nuxture was then centrifuged at 2500
rpm for 3 mimutes. Next, the bottom layer was transferred (o a clean 13 X 100 mm glass
test tube. tThe fop layer was re-exiracted with an additional 1.0 mL of HPLC grade
chiorotorm. The puxture was centrituged as betore and resultant lower layer combined
with mmttal lower laver. The chloroform was evaporated to dryness and the resultant
matenal reconstituted with 100 ul of HPLC mobile phase B.

3036 The samples were then analyzed via LU/A+NL 176.1 u scan (Fig. 6}

The positive 1ons did not fragment to the characteristic NL 158 u 1on of ascorbic acid.
The negative 1ons did not fragment to the characteristic NL 157 v 1on of ascorbic acid.

{30371 the calculated ligand molecular weight for positive 1ons 358.4 u and
374 4 uw were 1991 u and 2131 u, respectively. 'These molecular weight values were
approxamately 16 u apart, which suggests a difterence m structure of an OH group.

(3038 Positive 1ons 358.4 u and 374 4 u were approximately 18 u apart from
positive ons 3404 u and 3364 u. Positive tons 3404 g and 356.4 v had molecular
weights of 181.2 wand 196.3 u, respectively. This suggests a loss of an H;O group or a

. - . 4-
loss of a (INHy} group.
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[ 33397 The calculated higand molecular weight for negative 1ons 337.3 v and
369 u were 180.4 v and 212.4 u, respectively. These molecular weight values were 32 v
apart, which suggests a ditfcrence in structure of 2{({3H) groups.

3040 From these data observations, i was determuned that the molecular
weight of the positive 3404 v 1on was 3394 u. Accordingly, the hgand molecular weight
was calculated by subtracting the NL 138 u ion of ascorbic acid from the 3394 u
maolecular weight of the postitve 340.4 u 1on, which viclded a higand molecular weight ot
181 4 u.

[ 3341 the molecular weight of the positive 3364 u 1on was 3554 u
Subtracting the NL 138 u 1on of ascorbic acid from the 335 .4 u molecular weight of the
positive 3536.4 u ion vielded a ligand molecular weight of 197.4 u.

13042 The molecular weight of the negative 3373 u on was 3383 u.
Subtracting the NL 15% v 1on of ascorbic acid trom the 338.3 v moiecular weight of the
ncgative 337.3 v ion yielded a higand molecular weight of 1303 4,

3043 The molecular weight of the negative 369.0 u 1on was 370.0 u.
Subtracting the NL 158 u ion of ascorbic acid from the 370.0 u molecular weight of the
369.0 v 1on viclded a ligand molecular weight of 212.0 u.

130441 Proposed ascorbate conjugates and fragments of tyrosine and L-DOPA
were assaved under LO/MS/MS to corroborate the ligand identities by monittormg the

fragmentation of 3404 uwand 356 4 u.

Proposed Mechanism

3045 The experiment shows the presence of ascorbate as a component of
tyrosine or L-DOPA m samples of cve tissue. Without wanting to be bound by any
theory, it 1s behieved that tyrosme or L-DOPA associated with an ascorbic acid or
denivative or salt thereot arce present m normal eve tissue, specifically m the endothelial
layver 324 of Schlemm’s canal 366 and/or the trabecular meshwork cells, and may play a
role 1n the maintenance of normal intraocular pressure by regulating drammage of the
agueous humor through the membranes of the JCM cells as part of an osmotic drive. As
sgen i Figure ZA, the trabecular meshwork 328 15 separated from Schiemm s canal 366
bv a smgle layver of endothehial cells 324, Oace the aqueous humor passes through the
cndothelial laver, it drains mnto Schiemm’s canal and then mio the scleral venous svstem
by way of bridging vessels 378, In Figure 2B, the cell membrane 340 of an endothelhal

cell 15 seen with hipophilic regions 342 and hydrophilic regions 344. Figure 2 shows the

.
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endothelial cell membrane 380 with direction of agueous humor travel mdicated by the
arrow facing dchlemm s canal 366. A proposed structure in the cell membrane of the
cndothelial laver 364 1s shown as an arrangement of nucelies 366, which brnidge the cell
membrane 340, and serve to transport aqueocus humor across the membrane. After
traversing the opposing membrane, the agucous humor 1s released nto Schiemm’s canal.

30461 It 1s proposed that tvrosine molecules or L-DOPA molecules
comprising an ascorbic acud or ascorbic acid denvative head are produced by the
speciahized cells of the JCM and transported to the cell membranes, where they bond to
transmembrane protems. Alternatively, the ascorbic actd or ascorbic actd denvative head
may also be bound to an —OH group or other functional group of an amino acid such as
tyrosme or L-DOPA already mncomporated m a protem. A transmembrane cvlinder may be
formed with enough protem molecules such that a hyvdrophilic imterior 1s formed for water
and soluic transport. When intraocular pressure 1s low, the ascorbic acid heads form
bonds to cach other, and as the miraocular pressure rises, the celiular osmolanty drops
and cell volume ncreases, placing the cell membrane on stretch. Thus allows the water
molecules to compete increasingly etfectively at the binding sites, therchy allowing water
to pass through the channel. The mcreasing pressure from surrounding agueous fluid may
also play a mechamcal role m distorting the cell membrane, thercby contributing to the
dissociation of bonds between polar moietics and the consequent permeability {0 water
molecules. Mechanical forces may also mitiate pinocvictic vesicle formation that has
been observed mm the JUM and the mner wall of Schicmni's Canal. As the wmtraocular
pressure dumiishes m response 1o mcreased tlow, the bonds between polar moieties are
increasingly favored over bonds with water molecules, and the flow dinunishes, unfil an
cquilibrium 1s reached. The equilibrium mayv change bascd on varnious factors, such as the
ratc of production of agueous humor, but will be self-regulating to mamtam a desired
PreEssure.

{3047 the above-described conjugaics, spannming the cell membrane, may
result 1n a self-regulating osmotic drive tor water transport out of the anterior chamber of
the eve mto Schiemm’'s canal. When the pressure 1s balanced, the ascorbic acid moieties
will generally bond with cach other and water molecules from the aqueous humor will
transport between the hydrophilic heads relatively slowly at a steady state rate. However,
cven small mcereases or decreases n pressure may cause the establishment of a new

cquihbrium flow rate.

~10-
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(3487 Upen angle glaucoma may result with a faillure m the osmotic drive
above.  As relatively normal concentrations of ascorbic acid have been found to be
present in eve tissue of glaucoma patients, absorption, transport, and mgestion of ascorbic
acid are not hkely causes of fallure, and, furthermore would be expected to cause
systemie problems related (o vitamm € deficiency rather than isolated traocular
pressure elevations. In some patients, fature of normal conjugation of ascorbic acid with
tvrosine or L-DOPA may result from enzyvme deficiency, decreased enzyme activity, or
other disturbance. These enzymes may be specific to the cells of the eve or JCM or may
exist m other places, i which case the patient mayv have other mantfestations in addition
to glaucoma, and therapeutic molecuics may treat those manifestations as weill.  in some
paticnts, other pathologics may also result m the mability of the osmotic drive to

assemble within the cell membrane.

Therapeutics

133497 The molecules disclosed herein may be emploved as pharmaccutical
agents, provided o therapeutically effective amounts, to effect the treatment of discases
and conditions, particularly open angle glaucoma. The term “irgat,” “treating,” or
“treatment” as used herem refers to admuinistering a molecule or pharmaceutical
composition to a subject for prophviactic and/or therapeutic purposes, and includes: (1)
preventing a discase from occurring m a sabject which mayv be predisposed to the discase
but has not vet been diagnosed as baving it; (1t} inhibiting the discase, 1.¢. arresting its
development, or (111) relieving the disease, 1.€. causing regression of the disease.

3OS0 “Subject” as used herein, means a human or a non-human mammal,
¢.g., a dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goal, a non-human primatc or a
bird. ¢.g., a chicken, as well as any other vertebrate or mvertcbrate. The term “mammal”™
1s used 1 s usual biclogical sense. Thus, 1t specifically includes, but 1s not imited to,
primates, mcluding sumians {(chimpanzees, apes, monkeyvs) and humans, cattie, horses,
sheep, goats, swing, rabbits, dogs, cats, rodents, rats, mice, guinea pigs, or the like.

(3051 ] As used herem, the term “therapeutically cffective amount,”
“pharmaceutically effective amount” or “effective amount” refers to that amount (at
dosages and for periods of time necessary) of a molecule which, when admunistered (o a
mammal in need thereof, 1s sufticient to eftect treatment (as defined above). The amount
that constitutes a “therapeutically cttective amount” will vary depending on the molecule

being admunistered, the condition or disease and s severity, and the mammal (o be

~11-
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treated, 1ts weight, age, etc., but may be determuned roufincly by ong of ordinary skill m

the art with regard to contemporary knowledge and to this disclosure.

Molecules and Other Ascorbic Acid derivatives

3052 In some embodiments, an mdividual suffermg from glaucoma s
treated by adnunistering a therapeutically effcctive amount of a therapcutic molecule
which consists of an ascorbic acid conjugate, comprising ascorbic acwd or a denvative
thereof conjugated to a hydrophilic or amphipathic mowcty.  In some emboduments, the
hvdrophilic or amphipathic motety comprises tvrosine or L-DUOPA, or denvatives thereof.
in another cmbodiment, an mndividual suffening from glaucoma mav be treated by
adunistering a therapeutically efiective amount of a therapeutic molecule which can be
configured to enhance the affinity of ascorbic acid or an ascorbic acid denvative to the
hydrophilic or amphlupathic mowety. In some embodiments, the hvdrophilic or
amphipathic moiety comprises tyvrosine or an analog thereot. In some embodiments, the
hvdrophilic or amphipathic moicty comprses L-DOPA or an analog thercof.  'The
ascorbate 15 not himited with respect to is torm, and anv known ascorbate or ascorbate
dertvative can be used. For example, ascorbate, ascorbic acid, or any pharmaceutically
acceptable salt, hydrate, and solvate thercot, can be hinked to the tvrosine or L-DOPA
group and debvered to a pahient m therapeutically ettective amounts.  Uther polar
molecules that have a single or multiple sites capable of hydrogen bonding may also be
substituted for the ascorbate group. Disclosed below are possible ascorbic acid
conjugates, comprising ascorbic acid conjugated to tyrosine or L-DOPA, wherein the K
moiety represents tvrosinge (R = —H) or L-DOPA (R = -0OH). Also disclosed below are
possible substitution patterns for ascorbic acid conjugated (o tvrosine or L-DOPA.
Examples of the R moicty mcinde, but are not hinuted to, —H, —-HCO, -H;CCO, -
(CH; pHUCO and —(CH)-CC0. Examples of the X moiety mclude, but are not himuted
to, —-H, -F, -Ci, -Br, -, ~OH and -0OKR,. Synthetic variations of the ascorbic acid

conjugates disclosed hercin may also be made.
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*Substituton patterns for
tyrosing/ascorbate
canjugate

Ry = H, HCO, H30C0, {(CH5),HECO, {TH4):0LQ,

R, = H, HCO, H,0C0,
R, = H, HCO, H,CCO,
Ry = H, HCO, H,CC0,
Rs = H, HCO, H;CCO,
X, =H, F, Cf, Br, §

X, = #, F, G, Be,

X3 -~ , Gi. B!} }
= , G}, By, }

(CH, ) HCCO, {CH4},0CO
{CH3},HCCO, {CH3),CC0
{CHA-RCCQ, {CH3):,0C0
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*Substitution patterns for
DOPA{ascorbate conjugate

R = H, HCO, HyCO0, {CH3),HECO, {CHL:CC0,
Rz 2 H, HUQO, Haﬂcgw{CHg)gHC{:g, {GH3}3660
Ry = H, HCO, HyCCO, {CHLHCTO, (OH 1,060
Ry = H, HCO, HyCC0, {CHLHECO, {CH;1:C00
Ry = H, HOO, HyCO0, {CHL.HECO, {CHL),CC0
Rg = H, HCO, ﬁgcCQ}; (CHQ«)?HGC{}: {GHB}?'GGG
Xy 2, F L8

X, = R, F, G, Br, }, OH, OR,

X4= #, F, {4 8r |

Xs=H F

X2 M, F

X; = H, F

X, = H, F

3053 “Solvate” refers to the molecule formed by the wmiceraction of a solvent
and a molecule described herein or salt thereot, suitable solvates are pharmaccutically
acceptable solvates mcluding hydrates.

13054 The term “pharmaceutically acceptable salt”™ refers to salts that retam
the biological effectiveness and properties of a molecule and, which are not biologically
or otherwise undesirable for use m a pharmaceutical. In many cases, the molecules
disclosed herein are capable of forming acid and/or base salts by virtue of the presence of
amino and/or carboxvl groups or groups sinular thereto, Pharmaceutically acceptable
acid addition salis can be formed with mnorganic acids and organic acids. Inorganic acids
from which salts can be denved mclude, for example, hyvdrochlonic acid, hydrobromac
acid, sulfunic acid, nitric acid, phosphoric acid, and the like. Organic acids from which
salts can be denived mclude, for example. acetic acid. propionic acid, glycolic acid,
pvruvic acid, oxalic acid, maleic acid. malonic acid, succinic acid, fumaric acid, tartarnc
acid, cinic acd, benzoiwe acid, cumamuic acid, mandelic acid, methancsultonic acid,
cthanesulionic acid, p-tolucnesulfonic acid, salicvlic acid, and the like. Pharmaceutically
acceptable base addition salts can be tormed with inorganic and organic bases. inorganic
bases from which salts can be denved mclude, for example, sodium, potassium, lithium,
armmonium, calcium, magnesium, 1ron, Zing, copper, manganese, alumimum, and the like;
particuelarly preferred are the ammonigm, potassium, sodnim, calciim and magnesium

salts. Orgamic bases from which salts can be denved mnclude, for example, prunary,

~14-
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secondary, and tertiary ammes, substituted ammes ncluding naturally  occurring

substituted amines, cyclic amines, basic ton exchange resms. and the like, specifically

-
-

such as 1sopropylamine, trimethyviamine, dicthvlanune, tncthyvlamme, tripropylamine, and

m
]
¥

cthanolamme. Many such salts are known m the art, as described m WO 87/0529

2

Johnston ¢t al., published September 11, 1987 (ncorporated by reference hercin 1 its

cntirety).
Lnzyme
[BUSS] In other embodiments, an ¢nzyme having an cnzymatic activity of

torming a molecule comprising ascorbic acid or pharmaceutically acceptable denvative
thereof conjugated to a hgand 1s admunisicred 1n therapeutically effective amounts for
uptake nto the eve. In other emboduments, an enzyme having an enzymatic activity of
conjugating ascorbic acid or pharmaceutically acceptable denivative thereof to a higand 1s
admimistered n therapeutically effective amounts for uptake mic the eve. In some
cmbodiments, an ¢nzvmic having an cnzymatic activity of lmkig an ascorbic acid
conjugate, comprising ascorbic acid or a denvative thereof conjugated to a hgand, to a
transmembrane profcin, as part of the construction of a fransmembrane pore, 1S
administered m therapeutically ctfective amounts for uptake mto the cve. In some
cmbodiments, the ligand may be tyrosmne or an analog thereof, In some embodiments, the
hegand may be L-DOPA or an analog thercot. In some embodiments, the enzyme may be
a kinase that is capable of phosphorviating ascorbate. For example, phospholipase D} can
b used to synthesize 6-Phosphatidvi-L-ascorbic acid as descrnibed by Nagao et al. m

Lipids 26:390-94 (1991}, herewn incorporated by reference m its entirety. Phospholipase

D trom Sérepiomyces [ydicus may be obtained or the enzyme may be synthesized 1n a lab,
both of which can be accomplished via methods known 1n the art. Other enzymes which
arg effective for phosphorviating ascorbate may be synthesized or isolated and
admumnstered to a subject in therapeutically effective amounts.

{3056 In some embodiments, the enzyme may be an esterase. In some
cmbodiments, the esterase can be admimistered miracamcrally by passing a blade, needie,
appiicator, or dehivery svstem through the cornea. In other embodiments, the esterase can
be applied durectly onto the trabecular meshwork.,  As a non-limiting exampie, the
trabecular meshwork can be contamed m a paste-hke erodible carrier under direct
viewing by gonioscopy. The enzyme may be obtained from transgenciic subjects, such as

chickens.  Treatments directed at using transgenegtic subjects have been proposed and

~15-
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approved by the Umited States Food and Drug Admmmstration {¢.g. Kanuma (scbelipase
aita), hitto://www fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm4 76013 htm,
herein mcorporated by reference n 1ts entirety).

30571 Of course other enzymes besides esterases may be umplicated. The
present disclosure 1s not hinted o the particular enzvime. As specific enzyme defects m
the trabecular meshwork cells and Canal of Schiemm endothelial cells are identified,
which enzvime defects are related o aqueous outflow patbhways of the cve, those enzymes
will also be potential therapeutic targets within the scope of the disclosure. For exampie,
the enzvme classes may mclude phosphatases, phosphodiesterases, nucleases, proteases.
transterases, nbosomal and non-ribosomal svnthetases, and other enzvmes that catalvze

condensation reactions {€.g,. anude- and ester-forming condensation enzymes), etc.

(rene 1herapy
{30581 In still other embodiments, treatment consists of genc therapy. in

wiich one or more of the therapeutic agents 15 a nucieic acid that encodces a therapeutic
agent. For example, the nucleic acid may encode for a protem or peptide. The protem or
peptide may comprise an cnzyme having an enzymatic activity of compugating ascorbig
acid or pharmaceuticaily acceptable denivative thereof 1o a figand. o some embodiments,
the protemn or peptide may comprise an enzyme having an enzyvmatic activity of linking
an ascorbic acid conpugate, compnsing ascorbic acid or a denvative thereof conjugated to
a ligand, to a transmembrance protein, as part of the construction of a transmembrane pore.
in some cmbodiments, the ligand mav be tvrosine or an analog thercof. In some
cmbodiments, the higand may be L-DUPA or an analog thereot. The protein or peptide
may comprise a functional kinase enzyvme (o phosphorylate ascorbic acid, or to
phosphorviate an ascorbate dernvative or otherwise contrnibute to the production of
ascorbic acwud, ascorbate denvate or ascorbate ecgquivalent conmjugates i operable
association with regulatory clements sufficient to direct expression of the nucleic acid
administered to the eyve. As ancther non-limiting example, the nucleic actd may encode a
protein or pepitde having esterase activity, wheremn the functional ¢stcrase cnzyme may
cleave ester groups and release conjugate molecules. A composttion comprising a nucleic
acid therapeutic can consist essentially of the nucleic acid or a gene therapy vector in an
acceptable diluent, or can comprise a drug release regulating component such as a
polvmer matnx with which the nucleic acid or gene therapy vector i1s physically

associated; €.g., with which 1t 1s mixed or within which «f 1s encapsulated or embedded.
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The gene therapy vector can be a plasmud, virus, or other vector. Alternabively, the
pharmaceutical composition can comprise one or more cells which produce a therapeutic
nucicic acid or polypeptide. Preferably such cells secrete the therapeutic agent mio the
extracetiular space.

3059 Altematively, because the eye 1s a relatively tmmune privileged site,
this allows for the successful transplantation of donor comeas without tissue tvping or
mmmunosuppression.  Accordingly, ccliular therapy can be effective.  This mnmune
privileged status mayv be used to admimsicr donor trabecular meshwork cells o subjects
to lower intraocular pressure. In some embodiments the trabecular meshwork cells may
be grown in viftro, ¢.g., 1n tissuc culture, suspension culture, organ culture, etc.. In other
cmbodiments, the trabecular meshwork cells mav be harvested from ¢ve bank tissue. In
some embodiments, the trabecular meshwork cells may be xenogenic, allogemce or
autogenic. In some embodiments, the trabecular meshwork cells can be admunistered in
free solution. In some embodiments, the frabecular meshwork cells can be admuustercd
mtracamerally by passmg a blade, needle, applicator, or dehivery svstem through the
cornea. The trabecular meshwork cells can be released into the anterior chamber of the
cye, where the agueous dramnage will carry them into the frabecular meshwork., Sec e.g.,
Yue ¢t al. (1988) Monkey trabecular meshwork cells in culture: growth, morphologic, and
biochemical characteristics. Gractes Arch Clin Exp Opthalmol ., 226(3): 262-2638; Russcli
ct al. {2008} Response of human trabecular meshwork cells to topographic cues on the
nanoscale level. Invest Opthalmol Vis Sci 49(2). 629-633; Gasiorowsk: and Kussell
(2009} Biological propertics of trabecular meshwork cells. Exp Eve Res 88(4): 671-675;
all of the above cited references are mcorporated heremn in their entiretics by reference
thereto.

3060 Trabecular meshwork cells can be admumistered onto a trabecular
meshwork of an eve to lower mtraocular pressure. In some embodiments the trabecular
meshwork cells may be grown 1o fissue cultures. In some embodiments, the trabecular
meshwork cells can be applied directly onto the trabecular meshwork., in some
cmboduments, the trabecular meshwork cells can be admmistered under mdirect
visualization. In other embodiments, the trabecular meshwork cells can be adnunistered
under direct visualization. As a non-linuting example, the trabecular meshwork can be
contained 1 a paste~like erodible carrier under direct viewing by gonioscopy.

13061 ] In some embodiments, if 1t 18 necessary to repair a patient’s own cells,

genome engineering technologies, e.g.. based on the CRIMPR-associated RNA-guided

-17-
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endonuclease Cas9 may be vsed to repair a hereditary or acquired defect in trabecular
meshwork cells grown m tissue culiure media. These may be the patient’s own trabecular
meshwork cells or perhaps modified cells from the patient. The patient's trabecular
meshwork cells can be removed as a strip for cell culture without harm to the patient.
One glaucoma surgery, Trabectome, 18 based on this and morbadities are low. To
determine the actual dysfunctional nucleic acid sequences, trabecular meshwork s casily
stripped from comeal rims, cultured, and the genome cataloged. The same can be done
for eyes from a patient with open angle glawcoma, with the defective nucleic aad
sequence identified for targeting with genome engineering technologics ¢.g., based on the
CRiSPR-associated RNA-~guided endonuclease Cas9.  The repatred ccll may then be
reintroduced o the patient using the previously mentioned techmigues. For detailed
methods of gene editing using CRISPR technology, see e.g., Doudna and Charpentenr
{2014) The new fronticr of genome engincering with CRISPR-(asY. Science Vol 346
no. 6213; Long et al. (2014) Prevention of muscular dystrophy in mice by CRISPR/CasY-
mediated editing of germbing DNA.  Science Vol 343 no. 6201 pp. 1184-1183;
Slaymaker et al. {2015) Rationally engmeered Cas?® nucleases with improved specificity.
science DO 10.1126/science.aad5227; all of the above cited references are mcorporated
heremn 1o their entiretics by reference thereto.

13062 Viral vectors that have been used for gene therapy protocols mclude,
but are not limited to, retroviruses, lentiviruses, other RNA viruses such as poliovirus or
smdbis virus, adenovirus, adenoc-associated virus, herpes viruses, SV 40, vaccinia and
other DNA wviruses.  Replication-defective murine retroviral or lentiviral vectors are
widely utilized genc transfer vectors. Chemical methods of gene therapy involve carrier-
mediated gene transfer through the use of fusogemic lipid vesicles such as liposomes or
other vesicles for membrane fusion. A carnier harborng a nucleic acid of miterest can be
convemently mtroduced mnto the eye or mnto body fluids or the bloodstream. The camer
can be site speciitcally directed to the tarcet organ or tissue mn the body. {Cell or tissue
specific DNA-carrying liposomes, for example, can be used and the forcign nucleic acid
carmied by the hiposome absorbed by those specific cells. Gene transter may also mvolve
the use of hipid-based molecules which are not hiposomes. For example, hipotecting and
cyvtofectins are hipid-based molecules containmng posiive ions that bimd (o negatively
charged nucleic acids and form a complex that can ferrv the nucleic acid across a cell

membrane.

~1 8-
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{3637 Dehivery of gene therapy may alsoe be accomplished wvia cationic
polymers.  Certain cationic polymers spontancously bind to and condense nucleic acids
such as DNA mnto nanoparticles. For example, naturally occurnng protems, peptides, or
derivatives  thereof have been used. Svothetic  cationic  polymers such  as
polvethvienimime (PED), polviysine (PLL) e¢i¢c. condense BDNA and are useful delivery
vehicles. Dendrimers can also be used. Many useful polvmers contain both chargeable
aming groups, to ailow for ionic 1nteraction with the negatively charged DNA phosphate,
and a degradable region, such as a hydrolyzable ester linkage. Examples mclude
poly{aipha-{4-aminobutvl)-L-glyvcolic acid), network polv{amino ester), and poly (beta-
amino e¢sters). These complexation agents can protect nucleic acids against degradation,
¢.g.. bv nucleases, serum components, etc., and create a less negative surface charge,
which may facilitate passage through hydrophobic membranes {¢.g., cvtoplasmic,
lvsosomal, endosomal, nuclear) of the cell.  Certamn complexation agents facilitate
mtraceliular trafficking cvents such as cndosomal escape. cvioplasmic transport, and

nuclear entry, and can dissociate from the nucleic acid.

Individual treatment

(3064 In some embodiments, the treatment of glaucoma is tatlored to the
individual patient. Multiple vanations of the molecule with different concentrations of
tyrosme, L-DOPA, ascorbic acid or respective analogs and pharmaceutically acceptable
denivatives thereot are provided., wherein adonunsstration of cach varnation resulis m
characternistic reduction of miraocular pressure or a charactenstic pressure at equiiibrium.
Methods of treatment may mclude the measurement of miraocular pressure prior o
administration of the therapeutic agent, selection of molecule based on the desired
reduction i mtraocular pressure or target pressure, and adnunistration of that molecuie.
The mitraoccular pressure mayv be monitored durng therapy and different agents or a
combination of different agents may be selected to mamtain a desired pressure; for
cxampie, between 10 and 20 mm Hg, or sometimes between about 15 to about 18 mm
Hg. After the sclection of such dificrent agents or combination of difterent agents, they

may then be adounistered.

Methods of adminisiration

LEUS) Muolecules or their precursors that mcorease tfransport of agueous humor

may be modified 1 an effort to increase the ability of the molecuie to enter the eve.

~19-
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Examples may include, but are not lumited to, the addition of cleavable cster groups or
other easv lcaving groups and molecules/compounds alterable by native enzyvmes or
metabolic pathwavs mnto the intended molecules capable of mncreasing transport of
agueous humor.

3066 Vanous methods of admimstenng  the therapeutic molecules
systematically arc contemplated. These mclude topical admunsstration to the eve via
drops. spray, gel, omitment, or other vehicle., The active molecules disclosed heremn are
administered o the eyes of a patient by any swntable means, but preferably admunistered
by admumstering a hgutd or gel suspension of the active molecule m the form of drops.
spray or gel.  Altematively, the active mwoleculies are apphied 1o the eve via hiposomes.
Further, the active molecules can be infused into the {ear film via a pump-catheter system.
Another embodiment involves the therapeutic molecule contamed within a continuous or
selective-release device, for example, membranes such as, but not lmited to, those
cmiploved 1 the Ocusert™ Jystem {(Alza Corp., Palo Alio, Calif.). As an additional
embodiment, the active molecules can be contamed within, carned by, or attached to
contact lenses, which are placed on the eve. Another embodiment of the mvention
invoives the therapeutic molecule contained within a swab or sponge, which 1s apphied to
the ocular surface. Another embodiment of the mvention involves the therapeutic
molecule contamed within a higuid spray, which 1s apphied to the ocular surface.

{30671 In other embodiments, the therapeutic molecule 1s delivered by
mitraccular njection performed penodically.  In some cmbodiments, the therapeutic
molecules may be administered via subconjunctival mjection, in others through
intracameral {anterior chamber), wntravitreal or subscicral mjection.  'the therapeutic
molecule may be delivered directly to Schlemm s canal via catheter or implanted shunt.
Further means of systemic adnunistration of the active molecule would mvolve durect
mtra-operative stitlation of a gel, cream, or hiqund suspension form of a therapeutically
cttective amount of the therapeutic molecule. In some cmbodiments, the therapeutic
molecules are admuustered in a suspension.  In some cmbodiments, the therapeutic
molecules may be admmmstered, for example, bv sustamed release unplants and
microspheres for ntracameral or anterior wvilreal placement within a biodegradable
polymer that releases a therapeutic amount of the molecule over a period of time ranging
up to a vear or more. Addifionally, i some embodiments, the therapeutic molecules may
be admunistered by an mmplanted drug debvery system whach releases a therapeutically

cttective amount of the molecule over time. Implantation of the drug debivery system
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may be surgical or via njection. In some embodiments, the therapeutic molecule 1s
delivered by iontophoresis. In some embodiments, the therapeutic molecule 1s delivered
bv ultrasound.

30681 The topical solution contamng the therapeutic molecule can also
contamn a phvsiologically compatible vehicle, as those skilled m the ophthalmic art can
select using conventional criteria. The vehicles can be selected from the known
ophthalmic vchicles which mclude, but are not hmited to, salinc solufion, water
polyethers (such as polyethylene glveol), polyvvinyis {such as polyvinvl alcchol and
povidone)}, celiulose denvatives {such as methyicellulose and hydroxypropyl
mcthviceliulose), petroleum dernvatives {such as muneral oil and white petrolatum},
ammal fats (such as lanolin}, polvmers of acryhlic acid (such as carboxypolyvmethyiene
gcl), vegetable fats {(such as peanut o1} and polysacchandes (such as dexirans), and
olvcosamimoglycans {such as sodium hvaluronate), and salts {such as sodwum chiornde and
potassium chlonide). In some emboduments, the pH of the topical solufion contamning the
therapeutic mwolecule can be adjusted to a pH of about 7 to about 11, In some
embodiments, the pH can be about 7, about 8, about 9, about 10, about 11, or a range
between any two of these values. In some cmbodiments, the therapeutic molecule for
topical adnunistration can be less than or equal to about 500 Dalions, as described or
modified from Jan D. Bos, et al., “The 500 Dalton rule for the skin penetration of
chenuical compounds and drugs.,” Exp Dermatol. 2000, 9(3):1653-9, which 1s heremn
imcorporated by reference n s enturety.

[ 33697 In addition to the topical method of admimstration described above,
there are vanous methods of admuoustermg the therapeutic molecules of the mvention
systemically.  One systemic method of adnunistration mav mvolve an acrosol suspension
of respirable particles comprised of the active molecule, which the subject mhales. The
therapeutic molecule 1s absorbed mto the bloodstream via the lungs and subscquently
contact the ocular tissues m a pharmaceutically effective amount. The respirable particics
arc a liguid or solid, with a particle size sufficiently smail to pass through the mouth and
tarynx upon mhalation; m general, particles ranging from about 1 to 10 nucrons, but more
preferably 1-3 microns, 1 size are considered respirable.

3070 Another means of systemically administering the active molecules to
the eves of the subject would mvolve admuusternng a hgwmd/liguid suspension m the form
of eye drops or eve wash or nasal drops of a haund formulation, or a nasal spray of

respirable particles which the subject mhales. Liquid pharmaceuatical compositions of the

.
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active molecule for producing a nasal spray or nasal or ¢ve drops can be prepared by
combining the active molecule with a suitable vehicle, such as sterile pyrogen tree water
or sterte saline by technigues known to those skilied in the art.

130717 Other means of svstenuc admiumstration of the therapeutic molecule
may mvolve oral administration, m which pharmaceutical compositions contamimg active
molecules are 1 the form of fablets, lozenges, agueous or oy suspensions, dispersibic
powders or granuies, emuision, hard or soft capsules, or svrups or ehixirs. Composiiions
intended for oral use are prepared according to any method known m the art for the
manutacture of pharmaccutical composiitons and such compositfions can ¢contain ong or
more agenis selected from the group consisting of sweetcrnung agents, flavornng agents,
coloring agents and preserving agents i order to provide pharmaccutically elegant and
palatable preparations. Tablets contain the active mgredient m admixture with nontoxac
pharmaceutically acceptable excipients which are suttable for the manufacture of {ablets.
These excipients are, for cxample, mert diluents, such as calcium carbonate, sodium
carbonate, lactose, calcium  phosphate or sodium  phosphate; granulating  and
dismtegrating agents, for example, corn starch, or alginic acid; binding agents, for
cxample, starch, gelatin or acacia; and lubricating agents, for cxampiec magncsium
stcarate, steanc acid or tale. The tablets are uncoated or coated by known technigues to
delay disintegration and absorption n the gastromtestinal tract and thercby provide a
sustained action over a longer peniod. For example, a time delay materal such as
glveeryi monostearate or giyveervi distearate can be emploved. Formulations for oral use
can be presented as hard gelatin capsules wherein the active mgredient 18 mixed with an
inert solid diluent, for example, calcium carbonate, calcium phosphate or kachn, or as
soft gelatin capsules wheremn the active mgredicnt 1s mixed with water or an ol medium,
for example, peanut oil, hguid paraffin or olive oil.

30721 Additional wmeans of systemic admmstration of the therapeutic
molecule to the cyes of the subject would mvolve a suppository torm of the active
maolecule, such that a therapeutically cftective amount of the molecule reaches the cves

vig systemic absorption and circulation.

EXAMPLES
Example I — treatment of glaucoma using ascorbic acid linked {o tyrosing

| prophetic]

{2
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[37 37 A 75 year old patient presents with itraocular pressure (10P) of 26
mm Hg 1n both cyes. This represents 4 standard deviations (2.5 mumHg) above average
0P (16 mm Hg). The filiening angles are mspected by gontoscopy and found to be open.
Inspection of the nasal and temporal portions of the eye where agueous veins are most
prominent show the structures to be mtact. The optic nerves show only moderate
damage. This patient would not have very low target 10P s and normalization of 10P
would represent adequate response to therapy. The expected therapy regimen would be a
loading dose of eve drops 2-3 times per day comprising up to 10 mg ascorbie acd -
tyrosme conpugate in a vehicle or delivery svstem. After 2 weeks on the treatment
regimen, the miraocular pressure would be reduced and the medication cut o twice datly.
At 1 month, once the intraccular pressure 1s normalized, the drops mav be fapered to the

nunimem required (o mamtam a therapeutic effect.

30741 Although cmbodiments and mcethods have been disclosed in the
context of glaucoma treatment, it will be understood by those skilled mn the art that
embodiments and methods disclosed hercin may also be used 1o other contexts. For
cxample, admuustration of ascorbic acid fmked to tvrosine or L-DOPA may be utilized in
therapeutic amounts o treat other disorders m which fld outflow regulation s
dysfunctional. Examples m which fluid outflow regulation utidize disclosed therapeutic
methods mehude, but are not limited to, the treatment of hvdrocephalus and in an artificial
kidney.

[ 307 5] Although this has been disclosed m the context of certain preferred
embodiments and ¢xamples, 1t will be understood by those skilled m the art that the
inveniion extends bevond the specifically disclosed embodiments {o other alternative
cmbodiments and/or uses of the mvention and obvious modifications and egqwivalents
thercot. In addition, while the number of variations of the mvention have been shown
and described in detail, other modifications, which are within the scope of this mvention,
will be readuy apparent to those of skiil 1o the art based upon this disclosure. It 15 also
contemplated that various combmations or subcombinations of the specific features and
aspects of the embodiments can be made and still fall within the scope of the mvention.
Accordingly, i should be understocod that various features and aspects of the disclosed
cmbodiments can be combined with, or substituted for, one another m order to perform

varving modes of the disclosed mvention. Thus, it 1s miended that the scope of the
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mvention herein disclosed should not be hinited by the particular disclosed embodimments
described above, but should be determined only by a tair reading of the claums.

[3076] In this application, the use of the singular can mclude the plural unless
specifically stated otherwise or unless, as will be understood by one of skill i the art in
light of the present disclosure, the singular 1 the only tunctional embodunent. Thus, for
cxample, “a’ can mean more than one, and "one embodiment” can mean that the
description apphies to muitiple embodiments. Additionally, 1 this apphication, “and/or
denotes that both the inclusive meanmg of "and” and, altematively, the exclusive meaning
of "or" applics to the list. Thus, the listing should be read to mclude all possible
combinations of the items of the list and to also include cach tom, exclusively, from the
other items. The addition of this term 15 not meant {o denote any particular meaning (o
the usc of the terms “and” or “or” alone. The meaning of such terms will be evident o
on¢ of skill i the art upon reading the particular disclosure.

(077 All references cited berem mcluding, but not inited to, published and
unpublished patent applications, patents, text books, biterature references, and the hike, to
the extent that they are not alrcady, are hereby incorporated by reference m their entirety .
To the extent that one or more of the incorporated hiterature and sumilar matenals difter
from or contradict the disclosure contained n the specitication, mcluding but not hmited
to defined terms, term usage, described techniques, or the like, the specification 1s
mtended to supersede and/or take precedence over any such contradictory maternal,

0T8T The term “comprising” as used herein 1s synonymous with “mchuding,
“containing,” or “characterized by,” and 1s mchisive or open-ended and does not exclude

additional, unrecited clements or method steps.
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WHAT IS CLAIMED 15

. A method of lowenmng ntraoccular pressure, the method comprising
adnunistering to a subject m need of such treatment, a therapeutically ctfective amount of
an ascorbic acid conjugate, wherein the ascorbic acid conjugate comprises ascorbic acid
or a denvative thereot coupled to tyvrosime or L-DOPA or denvatives thereof,

2. A method of lowenng intraocular pressure, the method comprsing
admnistering to a subject i need of such treatment, a therapeutically effective amount of
a composition that ncreases an enzymalic activity of comjugating ascorbic acid to
tyrosme or a dertvative thereof, or to L-DURPA or a denivative thereof,

3. The method of Claim 2. wherein the composifion 15 an ecnzyme o
cnzymatically active fragment thereot comprisimg kinase activity.

4. the method of Clamm 2, wheremn the composition i1s an ¢nzyme or
enzymatically active fragment thercof comprising esierase activity.

5. the method of Claum 2, wherem the composition 1s a nucieic acid that encodes
for an enzyvme or enzymatically active fragment thereot.

6. tThe method of Claim 1, wheremn administering further compnses implanting
via surgery or mjection a sustained rclcase implant for mtracameral or anterior vitreal
placement.

7. A pharmmaccutical composition for use in lowenng ntraccular pressure, the
composiiion comprising ascorbic acid conjugated to tyrosine or L-DOPA or derivatives
thercof, and a pharmaceutically acceptable carmner, wherein the pharmaceutical
composition 1s configured for miraocular delivery.

8. A pharmaceutical composition for use in lowering mitraocular pressure, the
composition Ccomprising an enzvme or enzymatically active fragment capable of
catalyzing the conjugation of ascorbic acid to tyrosine or L-DOPA or denvatives thereot,
and a pharmaceutically acceptable carner, wherein the pharmaccutical composition 18
configured for mtraocular dehivery.

9. A phammacecufical composition for use in lowerning infraocuiar pressure, the
composition comprising an enzyme or enzvmatbically active fragment capable of
catalyzing the linking of an ascorbic acid conjugaie to a transmembrane protem, and a
pharmaceutically  acceptable carner, wheremn the pharmaceutical composition 1S
configured for miraocular delivery, and wherein the conjugate comprises ascorbic acid or

a derivative thereot coupled to tyrosime or L-DOPA or derivatives thereof,
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10. A pharmaceatical composition for use i lowerning mitraocular pressure, the
composition comprisimg a nucleic acid which encodes an enzyme or ¢nzymatically active
tragment capable of catalvzing the conjugation of ascorbic acid to tyrosine or L-DUPA or
denvatives  thercof, and a pharmaceutically  acceptable cammer, wheremn  the
pharmaceutical composition is configured tor gene therapy.

i1, A phamacecutical composition for use i lowenng ntraocular pressure. the
composition comprising a nucicic acid which encodes an enzyme or enzymatically active
fragment capable of catalvzmmg the limking of an ascorbic acid conpugate to a
transmembrane protein, and a pharmaceutically  acceptable carmer, wheremn  the
pharmacecutical composition 1s configured for intraocular delivery, and wherein the
conjugate comprises ascorbic acid or a denvative thereot coupled to tyrosine or L-DOPA
or denvatives thereof,

12. A method of lowenng ntraocular pressure, the method comprising
admunistering to a subject i need of such freatment, trabecular meshwork cells 1o an
anterior chamber of an ¢ve.

13, The method of Clamm 12, wherem the irabecular meshwork cells are
administered m free solufion.

f4. A method of lowenng ntraocular pressure, the wmethod comprising
admimsiering to a subject m need of such treatment, trabecular meshwork cells onto a
trabecular meshwork of an eve.

15, The method of (laim 14, whercin the trabecular meshwork cells arc
admnistered under direct visualization.

I6. The method of Claim 14, wherein the trabecular meshwork cells are
administered under mndirect visualization.

i7. The method of anv one of Claims 14-16, wheremn the trabecular meshwork
cells are cultured cells from suspension, cell or organ cultures.

18. The method of anv one of Clawums 14-17, wherein prior to adnunistration the
trabecular meshwork celis are genefically modified i vifro to correct a heredifary or
acguired defect.

19, A composition for use m lowenng miraccular pressure, the composition
comprising trabecular meshwork cells in a pharmaceutically acceptablie carner, whercin
the composition 1s configured for miraocular debivery or delivery (o a region of the

trabecular meshwork.
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