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METHODS AND COMPOSITIONS FOR
DIAGNOSING AND TREATING GLAUCOMA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/938,628 filed Jul. 24, 2020, which applica-
tion is a continuation in part of U.S. patent application Ser.
No. 15/970,776 filed May 3, 2018, which claims the benefit
of priority to U.S. Provisional Patent Application Ser. No.
62/502,268 filed May 5, 2017. The entire contents of each of
the above applications are incorporated herein by reference.

FIELD OF THE INVENTION

The present disclosure relates to eye care products, par-
ticularly as it relates to glaucoma.

BACKGROUND OF THE DISCLOSURE

All publications herein are incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference. The following description
includes information that may be useful in understanding the
present invention. It is not an admission that any of the
information provided herein is prior art or relevant to the
presently claimed invention, or that any publication specifi-
cally or implicitly referenced is prior art.

Aqueous humor is a transparent, watery fluid similar to
plasma, which is secreted from the ciliary epithelium. It’s
made up of 99.9% water—the other 0.1% consists of sugars,
vitamins, proteins and other nutrients. It fills both the
anterior and the posterior chambers of the eye. This fluid
nourishes the cornea and the lens, as well as giving the eye
its shape.

The aqueous humor plays an essential role in the health of
the eye. As well as nourishing the cornea and the lens by
supplying nutrition such as amino acids and glucose, the
aqueous humor maintains intraocular pressure, transports
vitamin C in the anterior segment to act as an anti-oxidant
agent, and provides inflation for expansion of the cornea,
which in turn protects against dust, wind, pollen grains, and
a number of pathogens. Thus, continuous production of
aqueous humor is critical in ensuring that the optical physics
and health of the eye are properly maintained.

Currently drugs to treat glaucoma either suppress aqueous
formation, e.g. beta blockers, or increase outflow of aqueous
usually by the non-canonical uveoscleral pathway, e.g. pros-
taglandins. Suppressing aqueous formation will reduce
nutrients to the eyes whereas increasing aqueous outflow
alone does not bring needed nutrients to the eye and may not
be sufficient to eliminate harmful metabolic waste as evi-
denced by the slower, but continuing progression of vision
loss in glaucoma patients.

Production of aqueous humor in the eye may be affected
due to several reasons, such as, for example, glaucoma,
cataract, old age, etc. Thus, there remains a need in the art
for new compositions improving eye health by regulating
the dynamics of aqueous humor by increasing aqueous
production to better supply the eye with nutrients while at
the same time increasing aqueous flow out of the eye to
maintain normal intraocular pressure and to eliminate meta-
bolic waste products that can be harmful and lead to retinal
neurodegeneration as in glaucoma.
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2
SUMMARY OF THE DISCLOSURE

In one aspect, disclosed herein is a method of diagnosing
glaucoma in a patient in need thereof, comprising: deter-
mining if the rs5215 GTC—ATC single nucleotide poly-
morphism (SNP) is present in the KCNJ11 gene, which
replaces the amino acid valine with isoleucine at position
337 (V337]) of Kir6.2 subunit of the ATP-sensitive potas-
sium (KATP) channel; determining if the rs1867380
ACA—GCA SNP is present in the aquaporin-9 (AQP9)
gene, which replaces the amino acid threonine with alanine
at position 279 (T279A) of AQP9; and diagnosing glaucoma
in the patient when one or both of V3371 and T279A
mutations are present in the patient. In various embodi-
ments, the glaucoma may be normal tension open angle
glaucoma, high tension open angle glaucoma, and/or exfo-
liative glaucoma.

In one embodiment, the method further comprises admin-
istering a treatment to the patient for the treatment of
glaucoma. Preferably, the treatment comprises an ophthal-
mically acceptable formulation of an inhibitor of the KATP
channel. The inhibitor of the KATP channel may be sulfo-
nylurea, such as tolbutamide. In some embodiments, tolbu-
tamide is administered in a concentration of 1 ng-10 pg, or
10 pg-50 pg, or 50 ng-100 pg, or 100 pug-200 pg, or 200
ng-300 pg, or 300 pg-400 pg, or 400 pg-500 pg, or 500
ng-600 pg, or 600 pg-700 ng, or 700 pg-800 pg, or 800
ng-900 pg, or 900 pg-1000 pg. In some embodiments,
tolbutamide is present in the ophthalmically acceptable
formulation at a concentration of 0.01-0.1%, or 0.1-0.5%, or
0.5-0.9% (w/v). In other embodiments, the inhibitor of the
KATP channel is a glinide, memantine, and/or chlorpromaz-
ine.

In one embodiment, the inhibitor of the KATP channel is
administered topically to the eye. In another embodiment,
the inhibitor of the KATP channel is administered as a
slow-release ocular insert. In yet another embodiment, the
inhibitor of the KATP channel is administered by injection
into the eye

In another aspect, disclosed herein is a method of increas-
ing aqueous humor production in a patient in need thereof,
comprising: identifying a patient having (a) nonsense muta-
tion rs5215 in the KCNIJ11 gene, which replaces the amino
acid Valine with Isoleucine at position 337 (V3371) of the
Kir 6.2 protein and/or (b) nonsense mutation rs1867380 in
the AQP9 gene, which replaces amino acid threonine with
alanine at position 279 (T279A) of aquaporin-9; and admin-
istering to the patient upon, identification of one or both of
V3371 and T279A mutations, a composition comprising
tolbutamide or a physiologically equivalent salt or solvate
thereof and a pharmaceutically acceptable carrier, wherein
the administration of tolbutamide increases the aqueous
humor production.

In another aspect, disclosed herein is a method of increas-
ing intracellular and decreasing extracellular potassium in
the trabecular meshwork cells of glaucoma patients, com-
prising: identifying a patient having (a) nonsense mutation
rs5215 in the KCNIJ11 gene, which replaces the amino acid
Valine with Isoleucine at position 337 (V3371)) of the Kir
6.2 protein and/or (b) nonsense mutation rs1867380 in the
AQP9 gene, which replaces the amino acid threonine with
alanine at position 279 (T279A) of aquaporin-9; adminis-
tering to the eye of the patient upon, identification of the
mutation, a composition comprising a sulfonylurea at a
concentration of 0.1-0.9% (w/v) or a physiologically equiva-
lent salt or solvate thereotf and a pharmaceutically acceptable
carrier, wherein the administration of tolbutamide increases
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the aqueous humor production, and wherein administration
of the sulfonylurea increasing intracellular and decreasing
extracellular potassium in the trabecular meshwork cells of
glaucoma patients.

Various embodiments disclosed herein include a method
of treating glaucoma in a patient, comprising: obtaining a
biological sample from the patient; testing the biological
sample for presence of a mutation in Kir6.2 protein or
KCNI11 gene and a mutation in the aquaporin-9 protein or
the AQP-9 gene; and provided that the biological sample
tests positive for the presence of a mutation in Kir6.2 protein
or KCNIJ11 gene and/or a mutation in the aquaporin-9
protein or the AQP-9 gene, administering to the eye of the
patient a composition comprising a therapeutically effective
amount of tolbutamide or other sulfonylurea compound or a
physiologically equivalent salt or solvate thereof and a
pharmaceutically acceptable carrier, and wherein tolbuta-
mide or other sulfonylurea is at a concentration of 0.001-2%
(w/v). In one embodiment, the mutation is a nonsense
mutation, rs5215 (Gtc/Atc), in the KCNI11 gene that
replaces valine with isoleucine (V3371) at position 337 of
the Kir6.2 protein subunit of the ATP-sensitive potassium
channels. In one embodiment, the mutation is a rs1867380
(Aca/Gcea) in the AQP9 gene that results in the substitution
of threonine for alanine (T279A) at position 279 of the
aquaporin-9 protein. In one embodiment, the presence of a
mutation is determined using a single nucleotide polymor-
phism (SNP) genotyping method. In one embodiment, the
pharmaceutically acceptable carrier is an ophthalmically
acceptable carrier. In one embodiment, the dosages are
administered from 1 to 4 times per day. In one embodiment,
the method further comprises administration by topical
application to the eye. In one embodiment, the method
further comprises administration by injection into the ante-
rior chamber of the eye. In one embodiment, the method
further comprises administration using an ocular insert. In
one embodiment, administration of the tolbutamide
increases aqueous humor production In one embodiment,
administration of the tolbutamide increases aqueous outflow
In one embodiment, the glaucoma is normal tension open
angle glaucoma or exfoliative glaucoma.

Various embodiments disclosed herein also include a
method of diagnosing a disease in a subject, comprising:
obtaining a biological sample from the subject; testing the
biological sample for presence of a mutation in KCNIJ11
gene or Kir6.2 protein and in the AQP9 gene or aquaporin-9
protein; and diagnosing a disease in the subject if the
biological sample tests positive for the presence of a muta-
tion in Kir6.2 protein or KCNJ11 gene and or the AQP9
gene. In one embodiment, the disease is glaucoma. In one
embodiment, the mutation is a nonsense mutation, rs5215
(Gtc/Ate) in the KCNJ11 gene, which replaces valine with
isoleucine at position 337 of the ATP-sensitive potassium
channel subunit and a gain of function of the Kir6.2 protein.
In one embodiment, the mutation is a nonsense mutation,
rs1867380 (Aca/Gcea) in the AQP9 gene, which results in the
substitution of threonine for alanine (279T/A) at position
279 of the aquaporin-9 protein and a gain of function. In one
embodiment, the method further comprises treating glau-
coma by administering to the subject a composition com-
prising a therapeutically effective amount of tolbutamide or
a physiologically equivalent salt or solvate thereof and a
pharmaceutically acceptable carrier.

Embodiments of the present disclosure also include a
method of maintaining and/or improving eye health in a
subject, comprising: administering to the patient a compo-
sition comprising a therapeutically effective amount of
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tolbutamide or a physiologically equivalent salt or solvate
thereof, and a pharmaceutically acceptable carrier, wherein
tolbutamide is in the composition at a concentration of
0.1-0.9% (w/v). In one embodiment, the tolbutamide
increases aqueous humor production by at least 150%. In
one embodiment, the 0.4% tolbutamide increases aqueous
outflow by at least 350%. In one embodiment, the pharma-
ceutically acceptable carrier is an ophthalmically acceptable
carrier.

Embodiments of the present disclosure also include a
method for regulating aqueous humor outflow via the ciliary
body/trabecular meshwork/Schlemm’s canal complex in an
eye of a glaucoma patient, said method comprising: admin-
istering to the eye composition comprising a compound that
specifically inhibits the Kir6.2 KATP channel.

Various embodiments disclosed herein further include a
method of maintaining and/or improving eye health in a
subject, comprising: administering to the eye of the subject
a composition comprising a therapeutically effective amount
of' a compound that reestablishes the open/close probability
requirements of the Kir6.2 KATP channel to normalize
aqueous production/outflow dynamics.

Embodiments of the instant disclosure also include a
method of treating ocular hypertension in a normal or
glaucomatous subject, comprising: administering to the
patient a therapeutically effective amount of a composition
comprising tolbutamide, sulfonylurea, and/or glinide, or a
physiologically equivalent salt or solvate thereof, and a
pharmaceutically acceptable carrier. In one embodiment, the
ocular hypertension is reduced by at least 20%. In one
embodiment, the pharmaceutically acceptable carrier is an
ophthalmically acceptable carrier.

Other features and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings,
which illustrate, by way of example, various embodiments
of the invention.

DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are illustrated in referenced fig-
ures. It is intended that the embodiments and figures dis-
closed herein are to be considered illustrative rather than
restrictive.

FIG. 1 depicts, in accordance with embodiments herein,
binding of *H-glibenclamide to bovine trabecular meshwork
cells (2.5x10° per 0.5 ml of reaction mixture) at various
concentrations of ligand. Red: non-specific binding; green:
specific binding. Shown is mean+SD.

FIG. 2 depicts, in accordance with embodiments herein,
displacement of *H-glibenclamide bound to trabecular
meshwork cells (green) and RIN-mS5F cells (red) by tolbu-
tamide.

FIG. 3 depicts, in accordance with embodiments herein,
effect of glybenclamide on the efflux of ®**Rb from human
trabecular meshwork cell. Glybenclamide inhibits *°Rb
efflux in a dose dependent manner reaching 50% inhibition
at 10 nM

FIG. 4 depicts, in accordance with embodiments herein,
effect of chlorpromazine on the efflux of **Rb from human
trabecular meshwork cell. Chlorpromazine inhibits *°Rb
efflux in a dose dependent manner, but on a molar basis it is
less effective than glybenclamide, reaching 20% inhibition
at 1 uM

FIG. 5 depicts, in accordance with embodiments herein,
long-term effect of 0.4% tolbutamide treatment on IOP of a
human subject. Patient 1 suffered from high IOP with no
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visual field loss. On days 1 through 6 IOP was measured at
9:00 AM., 1 drop of 0.4% Tolbutamide suspended in
buffered PBS (pH 6.7) was instilled to the right eye and IOP
measured at 12:00 Noon and at 3:00 P.M. The patient was
instructed to apply one drop of drug 10:00 P.M. to the right
eye and come to the clinic each day to have IOP measured.
Note that during the first day the IOP remained high in this
patient but decreased significantly during the next 5 days.
The bottles were color-coded and the patient was not aware
of which bottle contained the drug and which contained the
vehicle. The patient and the technician measuring the
patient’s IOP was not aware of which bottle contained the
drug and which contained the vehicle

FIG. 6 depicts, in accordance with embodiments herein,
Patient 2, who suffered from glaucoma and had become
refractory to Timolol, was treated with 0.4% Tolbutamide
after a 3-week washout. On days 1 through 5, IOP was
measured at 8:00 A.M., 1 drop of 0.4% Tolbutamide sus-
pended in buffered PBS (pH 6.7) was instilled to the right
eye and IOP measured at the indicated times. A second drop
was administered at 10:00 PM. All measurements and drug
administrations were done in the hospital. The bottles were
color-coded and the patient was not aware of which bottle
contained the drug and which contained the vehicle. The
patient and the technician measuring the patient’s TOP was
not aware of which bottle contained the drug and which
contained the vehicle

FIG. 7 depicts, in accordance with embodiments herein,
long-term effect of 0.4% tolbutamide treatment on IOP of
glaucoma patients. Patients 3 and 4 were given a bottle of
drug and a bottle of control fluid (vehicle) and were
instructed to instill one drop from one bottle in the right eye
(drug) and one drop from the second bottle to the left eye
(control) at 9:00 AM and at 10:00 PM. The patient was asked
to come to the clinic at 8:30 AM and at 5:00 PM each day
to have the JOP measured. The bottles were color-coded and
the patient was not aware of which bottle contained the drug
and which contained the vehicle. The patient and the tech-
nician measuring the patient’s IOP was not aware of which
bottle contained the drug and which contained the vehicle

DETAILED DESCRIPTION

All references, publications, and patents cited herein are
incorporated by reference in their entirety as though they are
fully set forth. Unless defined otherwise, technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Hornyak, et al., Introduction
to Nanoscience and Nanotechnology, CRC Press (2008);
Singleton et al., Dictionary of Microbiology and Molecular
Biology 3rd ed., J. Wiley & Sons (New York, N.Y. 2001);
March, Advanced Organic Chemistry Reactions, Mecha-
nisms and Structure 7th ed., J. Wiley & Sons (New York,
N.Y. 2013); and Sambrook and Russel, Molecular Cloning:
A Laboratory Manual 4th ed., Cold Spring Harbor Labora-
tory Press (Cold Spring Harbor, N.Y. 2012), provide one
skilled in the art with a general guide to many of the terms
used in the present application. One skilled in the art will
recognize many methods and materials similar or equivalent
to those described herein, which could be used in the
practice of the present invention. Indeed, the present inven-
tion is in no way limited to the methods and materials
described.

Definitions

As used herein, the terms “ATP sensitive potassium
channel,” “ATP sensitive K+ channel,” “KATP channel,” or
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“K 7» channel” are used interchangeably and refer to a type
of potassium channel that is gated by ATP.

As used herein, the term “KATP channel activator” refers
to a chemical compound that interacts with a KATP channel
and (a) increases the baseline activity of the KATP channel
or (b) increases the activity that the KATP channel has while
another compound is bound to the channel.

As used herein, the term “KATP channel inhibitor” refers
to a chemical compound that interacts with a KATP channel
and (a) decreases the baseline activity of the KATP channel
or (b) decreases the activity that the KATP channel has while
another compound is bound to the channel.

As used herein, the term “subject” refers to a vertebrate,
such as a mammal, a fish, a bird, a reptile, or an amphibian.
Thus, the subject of the herein disclosed methods can be a
human, non-human primate, horse, pig, rabbit, dog, sheep,
goat, cow, cat, guinea pig or rodent. The term does not
denote a particular age or sex. Thus, adult and newborn
subjects, as well as fetuses, whether male or female, are
intended to be covered. In one aspect, the subject is a
mammal.

As used herein, the term “patient” refers to a subject
afflicted with a disease, condition, or disorder. The term
“patient” includes human and veterinary subjects. In some
aspects of the disclosed methods, the subject has been
diagnosed with a need for treatment of an eye disease
including, but not limited to glaucoma, dry eyes, and/or
cataract.

As used herein, the term “pharmaceutically acceptable
carrier,” refers to a pharmaceutically acceptable material,
composition, or vehicle that is involved in carrying or
transporting a compound of interest from one tissue, organ,
or portion of the body to another tissue, organ, or portion of
the body. For example, the carrier may be a liquid or solid
filler, diluent, excipient, solvent, or encapsulating material,
or a combination thereof. Each component of the carrier
must be “pharmaceutically acceptable” in that it must be
compatible with the other ingredients of the formulation. It
must also be suitable for use in contact with any tissues or
organs with which it may come in contact, meaning that it
must not carry a risk of toxicity, irritation, allergic response,
immunogenicity, or any other complication that excessively
outweighs its therapeutic benefits.

As used herein, the term “pharmaceutically acceptable
excipient” refers to an excipient that is useful in preparing a
pharmaceutical composition that is generally safe, non-
toxic, and desirable, and includes excipients that are accept-
able for veterinary use as well as for human pharmaceutical
use. Such excipients may be solid, liquid, semisolid, or, in
the case of an aerosol composition, gaseous.

Glaucoma

Glaucoma is currently treated with various drugs that are
intended to lower elevated TOP, even though TOP affect
only about 60% of glaucoma patients and only 20% of
individuals with elevated TOP become glaucomatous. The
inventors have now disclosed a method for treating glau-
coma that is not focused on lowering elevated TOP, but
rather by modifying the basic metabolic defect that causes
glaucoma.

The metabolic defect that causes glaucoma is namely
preventing the high extracellular potassium that results from
a mutation in the KCNIJ1 gene, (GTC/ATC, 337V/I) and the
high extracellular lactate and other toxic substances, e.g.
glutamate, that result from a mutation in the AQP9 gene
(ACA/GCA, 279T/A). Treatment with tolbutamide and
other sulfonylureas results in very high outflow rates of
aqueous humor essential to remove excess lactate and other
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waste products, which in high concentrations engenders a
toxic acidic environment that over time results in retinal
neuron degeneration.

In one embodiment, the inhibitor of the KATP channel is
contemplated to be tolbutamide. Sulfonylureas are a known
treatment for diabetes. Diabetes patients are advised to take
between 250 mg to 2 g of sulfonylurea daily for the
treatment of diabetes.

The inventors of this instant application have unexpect-
edly found that very low dosages of sulfonylureas, usually
in microgram level of tolbutamide, treat glaucoma. For
example, in one embodiment, the inventors treated glau-
coma patients with a solution of 250 pg tolbutamide twice
daily. This is a concentration that is 1000 times lower that
the minimal starting dose used to treat diabetes. At the low
concentrations of sulfonylureas, particularly tolbutamide,
contemplated herein, the inventors found that glaucoma can
be treated in the patient but not diabetes. In other words,
when a patient having both diabetes and glaucoma is admin-
istered tolbutamide at the concentrations contemplated
herein, glaucoma would be successtully treated, but diabetes
would not be successtully treated.

The inventors studied the scientific reasoning behind their
unexpected and surprising result. They found that sulfony-
lureas are used in the treatment of diabetes because they
allow the beta cells of the pancreas to release insulin.
Specifically, when there is a high level of glucose in the
blood, it is metabolized in the pancreas increasing the level
of ATP, which causes the closure of the pancreatic ATP-
sensitive potassium channel, depolarizes the beta-cell mem-
brane, activates voltage dependent calcium channels, and
causes an influx of calcium that elicits insulin granule
exocytosis. Since in diabetes the ATP sensitive potassium
channel is not responsive to increased ATP, sulfonylureas are
used to close the ATP channel triggering the influx of
calcium and insulin granule exocytosis as if there was a high
level of ATP.

On the other hand, trabecular meshwork cells do not
produce or store insulin. Therefore, it was surprising that
that sulfonylureas, which trigger the release of insulin in
diabetes, would also be useful as a treatment for glaucoma.

As disclosed herein, the inventors have developed com-
positions and methods for regulating the production of
aqueous humor. In one embodiment, the production of
aqueous humor is regulated by administering an inhibitor of
the Kir6.2 KATP channel. In some embodiments, the com-
position is formulated with a pharmaceutically acceptable
vehicle or excipient selected from the group comprising of
ophthalmically acceptable preservatives, surfactants, viscos-
ity enhancers, penetration enhancers, gelling agents, hydro-
phobic bases, vehicles, buffers, sodium chloride, and water.

Various embodiments disclosed herein include an anti-
aging composition for maintaining and/or improving eye
health in a subject, comprising: administering to the eye of
the subject a therapeutically effective amount of a compound
that modulates the ATP-sensitive potassium (KATP) chan-
nel, specifically the channel isoform comprising four
SUR2A/B or SUR1 and four Kir6.2 subunits, in which a
specific mutation, rs5215, in glaucoma patients that
decreases sensitivity to ATP, a gain of function mutation in
glaucoma patients, and a pharmaceutically acceptable car-
rier. In one embodiment, the compound increases outflow of
aqueous humor. The inventors have shown that a mutation in
the KCNJ11 gene (rs5215) of the KATP channel replaces
valine for with isoleucine at position 337 (V3371) of the
Kir6.2 protein. The isoleucine for valine substitution has
been shown to result in gain of function. Since KATP
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channels are modulated by intracellular levels of ATP, i.e.
ATP inhibits (closes) and ADP stimulates (open) KATP
channels, the ATP:ADP ratio is a major factor determining
channel activity. As disclosed herein the potential gain of
function the inventors have shown in trabecular meshwork
implies that inhibition of the KATP channels required a
higher than normal concentration of ATP; however, with age
metabolism slows and less ATP is produced resulting in the
trabecular meshwork KATP channels being in the open state
for longer periods of time, reducing aqueous outflow and
increasing TOP, which is a major risk for glaucoma. Drugs
that inhibit the KATP channel restore the normal open/
closed probability state of the channel to establish the
aqueous humor outflow that is present in normal, non-
glaucomatous individuals. In one embodiment, the com-
pound is an inhibitor of the Kir6.2 KATP channel. In one
embodiment, the compound is a glinide. In one embodiment,
the compound is a sulfonylurea. In one embodiment, the
compound is selected from the group consisting of carbu-
tamide, acetohexamide, chlorpropamide, tolbutamide, glip-
izide, gliclazide, glibenclamide, glyburide, glibornuride,
gliquidone, glisoxepide, glyclopyramide, glimepiride, chlo-
rpromazine, 2,3-butanedione and hydroxydecanoic acid, or
a physiologically acceptable salt or solvate thereof. In one
embodiment, the pharmaceutically acceptable carrier is an
ophthalmically acceptable carrier. In one embodiment, the
compound is administered in an amount between about 0.1
ng and about 10 mg. In one embodiment, the dosages are
administered from 1 to 4 times per day. In one embodiment,
the compound is administered by topical application to the
eye. In one embodiment, the compound is administered by
injection into the anterior chamber of the eye. In one
embodiment, the compound is administered using an ocular
insert. In one embodiment, the subject is a mammal. In one
embodiment, the subject is a human. In one embodiment, the
subject is a glaucoma patient. In one embodiment, the
glaucoma is normal tension open angle glaucoma. In one
embodiment, the glaucoma is high tension open angle glau-
coma. In one embodiment, the glaucoma is exfoliative angle
glaucoma. In one embodiment, the subject is a cataract
patient. In one embodiment, the composition is administered
after cataract surgery.

In one embodiment, disclosed herein is a method of
treating glaucoma in a patient, comprising: obtaining a
biological sample from the patient; testing the biological
sample for presence of a mutation in Kir6.2 protein or
KCNI11 gene; and provided that the biological sample tests
positive for the presence of a mutation in Kir6.2 protein or
KCNI11 gene, administering to the patient a composition
comprising a therapeutically effective amount of tolbuta-
mide or a physiologically equivalent salt or solvate thereof
and a pharmaceutically acceptable carrier. In one embodi-
ment, the tolbutamide is in a suspension or solution at a
concentration of 0.1-0.2%, 0.2-0.3%, 0.3-0.4%, 0.4-0.5%,
0.5-0.6%, 0.6-0.7%, 0.7-0.8% (w/v). In one preferred
embodiment, the tolbutamide is in a suspension or solution
at a concentration of 0.4% (w/v). In one embodiment, the
mutation is a nonsense mutation, rs5215, in the KCNJ11
gene. In one embodiment, the mutation is a V3371 mutation
in Kir6.2 protein. In one embodiment, the mutation is a
nonsense mutation, rs1867380, in the AQP9 gene. In one
embodiment, the mutation is a T279A mutation in aquaporin
9 protein. In one embodiment, the patient further has type 2
diabetes. In one embodiment, the pharmaceutically accept-
able carrier is an ophthalmically acceptable carrier. In one
embodiment, the dosages are administered from 1 to 4 times
per day. In one embodiment, the method further comprises
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administration by topical application to the eye. In one
embodiment, the method further comprises administration
by injection into the anterior chamber of the eye. In one
embodiment, the method further comprises administration
using an ocular insert. In one embodiment, administration of
the tolbutamide increases aqueous humor production by at
least 100%, or more preferably at least 110%, or more
preferably at least 120%, or more preferably at least 130%,
or more preferably at least 140%, or most preferably at least
150%. In one embodiment, administration of the tolbuta-
mide increases aqueous outflow by at least 150%, or more
preferably at least 200%, or more preferably at least 250%,
or more preferably at least 275%, or more preferably at least
300%, or more preferably at least 325%, or most preferably
at least 350%. In one embodiment, the glaucoma is normal
tension open angle glaucoma or exfoliative angle glaucoma.

In various embodiments, the pharmaceutical composi-
tions according to the invention may be formulated for
delivery via any route of administration. “Route of admin-
istration” may refer to any administration pathway known in
the art, including but not limited to aerosol, nasal, oral,
transmucosal, transdermal or parenteral. “Parenteral” refers
to a route of administration that is generally associated with
injection, including intraorbital, infusion, intraarterial, intra-
capsular, intracardiac, intradermal, intramuscular, intraperi-
toneal, intrapulmonary, intraspinal, intrasternal, intrathecal,
intrauterine, intravenous, subarachnoid, subcapsular, subcu-
taneous, transmucosal, or transtracheal. Via the parenteral
route, the compositions may be in the form of solutions or
suspensions for infusion or for injection, or as lyophilized
powders.

The pharmaceutical compositions according to the pres-
ent disclosure can also contain any pharmaceutically accept-
able carrier.

The pharmaceutical compositions according to the pres-
ent disclosure can also be encapsulated, tableted or prepared
in an emulsion or syrup for oral administration. Pharmaceu-
tically acceptable solid or liquid carriers may be added to
enhance or stabilize the composition, or to facilitate prepa-
ration of the composition. Liquid carriers include syrup,
peanut oil, olive oil, glycerin, saline, alcohols and water.
Solid carriers include starch, lactose, calcium sulfate, dihy-
drate, terra alba, magnesium stearate or stearic acid, talc,
pectin, acacia, agar or gelatin. The carrier may also include
a sustained release material such as glyceryl monostearate or
glyceryl distearate, alone or with a wax.

The pharmaceutical preparations are made following the
conventional techniques of pharmacy involving milling,
mixing, granulation, and compressing, when necessary, for
tablet forms; or milling, mixing and filling for hard gelatin
capsule forms. When a liquid carrier is used, the preparation
will be in the form of a syrup, elixir, emulsion or an aqueous
or non-aqueous suspension. Such a liquid formulation may
be administered directly p.o. or filled into a soft gelatin
capsule.

The pharmaceutical compositions according to the pres-
ent disclosure may be delivered in a therapeutically effective
amount. The precise therapeutically effective amount is that
amount of the composition that will yield the most effective
results in terms of efficacy of treatment in a given subject.
This amount will vary depending upon a variety of factors,
including but not limited to the characteristics of the thera-
peutic compound (including activity, pharmacokinetics,
pharmacodynamics, and bioavailability), the physiological
condition of the subject (including age, sex, disease type and
stage, general physical condition, responsiveness to a given
dosage, and type of medication), the nature of the pharma-
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ceutically acceptable carrier or carriers in the formulation,
and the route of administration. One skilled in the clinical
and pharmacological arts will be able to determine a thera-
peutically effective amount through routine experimenta-
tion, for instance, by monitoring a subject’s response to
administration of a compound and adjusting the dosage
accordingly. For additional guidance, see Remington: The
Science and Practice of Pharmacy (Gennaro ed. 21st edition,
Williams & Wilkins P A, USA) (2005).

Typical dosages of an effective composition can be in the
ranges recommended by the manufacturer where known
therapeutic compounds are used, and also as indicated to the
skilled artisan by the in vitro responses or responses in
animal models. Such dosages typically can be reduced by up
to about one order of magnitude in concentration or amount
without losing the relevant biological activity. Thus, the
actual dosage will depend upon the judgment of the physi-
cian, the condition of the patient, and the effectiveness of the
therapeutic method based, for example, on the in vitro
responsiveness of the relevant primary cultured cells or
histocultured tissue sample, such as biopsied malignant
tumors, or the responses observed in the appropriate animal
models, as previously described.

In one embodiment, disclosed herein is a method of
diagnosing a disease in a subject, comprising: obtaining a
biological sample from the subject; testing the biological
sample for presence of a mutation in Kir6.2 protein or
KCNI11 gene; and diagnosing a disease in the subject if the
biological sample tests positive for the presence of a muta-
tion in Kir6.2 protein or KCNJ11 gene. In one embodiment,
the disease is glaucoma. In one embodiment, the mutation is
a nonsense mutation, rs5215, in the KCNIJ11 gene. In one
embodiment, the mutation is a V3371 mutation in Kir6.2
protein. In one embodiment, the mutation is a nonsense
mutation, rs1867380, in the AQP9 gene. In one embodiment,
the mutation is a T279A mutation in aquaporin 9 protein. In
one embodiment, the method further comprises treating the
disease by administering to the subject a composition com-
prising a therapeutically effective amount of tolbutamide or
a physiologically equivalent salt or solvate thereof and a
pharmaceutically acceptable carrier.

In one embodiment, disclosed herein is a method of
maintaining and/or improving eye health in a subject, com-
prising: administering to the eye of the subject a composi-
tion comprising a therapeutically effective amount of a
compound that modulates the Kir6.2 KATP channel and a
pharmaceutically acceptable carrier. In one embodiment, the
compound increases outflow of aqueous humor. In one
embodiment, the compound is an inhibitor of the Kir6.2
KATP channel. In one embodiment, the compound is a
sulfonylurea. In one embodiment, the compound is selected
from the group consisting of carbutamide, acetohexamide,
chlorpropamide, tolbutamide, glipizide, gliclazide, gliben-
clamide, glyburide, glibomuride, gliquidone, glisoxepide,
glyclopyramide, glimepiride, chlorpromazine, 2,3-butane-
dione and hydroxydecanoic acid, or a physiologically
acceptable salt or solvate thereof. In one embodiment, the
pharmaceutically acceptable carrier is an ophthalmically
acceptable carrier. In one embodiment, the compound is
administered in an amount between about 0.1 pg and about
10 mg. In one embodiment, the dosages are administered
from 1 to 4 times per day. In one embodiment, the compound
is administered by topical application to the eye. In one
embodiment, the compound is administered by injection into
the anterior chamber of the eye. In one embodiment, the
compound is administered using an ocular insert. In one
embodiment, the subject is a glaucoma patient. In one
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embodiment, the glaucoma is normal tension open angle
glaucoma. In one embodiment, the glaucoma is high tension
open angle glaucoma. In one embodiment, the glaucoma is
exfoliative angle glaucoma. In one embodiment, the subject
is a cataract patient. In one embodiment, the composition is
administered after cataract surgery.

In one embodiment, disclosed herein is a method for
regulating aqueous humor outflow via the ciliary body/
trabecular meshwork/Schlemm’s canal complex in an eye of
a glaucoma patient, said method comprising: administering
to the eye a compound that specifically modulates the Kir6.2
KATP channel. In one embodiment, the regulation of aque-
ous humor outflow is an increase in aqueous humor outflow.
In one embodiment, the compound is an inhibitor of the
Kir6.2 KATP channel. In one embodiment, the compound is
present in an ophthalmically acceptable carrier in an amount
effective to increase aqueous outflow. In one embodiment,
the compound is administered in a dosage between about 0.1
ng and about 10 mg of the compound. In one embodiment,
the compound is administered between 1 and 4 times per
day. In one embodiment, the method further comprises
administration by topical application to the eye. In one
embodiment, the method further comprises administration
by injection into the anterior chamber of the eye. In one
embodiment, the method further comprises administration
using an ocular insert. In one embodiment, the Kir6.2 KATP
channel inhibitor is used to increase aqueous humor outflow
resulting in lower intraocular pressure in high tension open
angle glaucoma. In one embodiment, the Kir6.2 KATP
channel inhibitor is used to increase aqueous humor outflow
in normal tension open angle glaucoma. In one embodiment,
the Kir6.2 KATP channel inhibitor is used to increase
aqueous humor outflow in exfoliative angle glaucoma. In
one embodiment, the Kir6.2 KATP channel inhibitor is used
to increase aqueous humor outflow resulting in lower IOP
after cataract surgery. In one embodiment, the compound is
a sulfonylurea. In one embodiment, the compound is
selected from the group consisting of carbutamide, aceto-
hexamide, chlorpropamide, tolbutamide, glipizide, gliclaz-
ide, glibenclamide, glyburide, glibomuride, gliquidone,
glisoxepide, glyclopyramide, glimepiride, chlorpromazine,
2,3-butanedione and hydroxydecanoic acid, and therapeuti-
cally equivalent salts and derivatives thereof.

Embodiments of the present disclosure are further
described in the following examples. The examples are
merely illustrative and do not in any way limit the scope of
the invention as claimed.

EXAMPLES
Example 1
Glaucoma

Glaucoma is the second leading cause of irreversible
blindness worldwide, and it is expected that 80 million
people will suffer from this disease by the year 2020
[Quigley H A, Broman A T, 2006. Br J Ophthalmol. 90:
262-267] and 111.8 million in 2040 (Tham Y-G et al. 2014.
Ophthalmology 121:2081-90). The glaucomas are classified
as open-angle (open iridocorneal angle), closed-angle
(closed iridocorneal angle), and developmental glaucomas.
Glaucomas are divided into primary and secondary types.
Secondary glaucomas are diseases secondary to another
condition, such as exfoliation or pigment-dispersion syn-
drome, whereas glaucomas are diseases in which the retinal
ganglion cells degenerate and aqueous outflow may dimin-

10

15

20

25

30

35

40

45

50

55

60

65

12

ish. Primary open-angle glaucoma includes both adult-onset
disease (occurring after 40 years of age) and juvenile-onset
disease (occurring between the ages of 3 and 40 years of
age). Primary open angle glaucoma (POAG) is the most
common form of glaucoma and is associated with the
progressive loss of retinal ganglion cell axons, along with
supporting glia and vasculature. The mechanisms of retinal
ganglion cell degeneration, i.e. mitochondrial dysfunction
and oxidative stress, are similar to the mechanisms leading
to the neural degeneration observed in Alzheimer disease
[Chrysostomou V, et al. Oxidative stress and mitochondrial
dysfunction in glaucoma. Curr Opin Pharmacol. 2013;
13:12-5; Tsolaki F, et al. Alzheimer’s disease and primary
glaucoma; is there a connection? Clin Ophthalmol 2011;
5:887-890; Lai S-W, et al. Glaucoma may be a non-memory
manifestation of Alzheimer’s disease in older people. Intl
Phychogeriatrics 2017; 29:1535-1541]. Increased intraocu-
lar pressure (TOP) is present in 60-70% of patients with
POAG, referred to as high tension glaucoma (HTG),
whereas 30-40% of patients with POAG have IOP within
normal limits, referred to as normal tension glaucoma
(NTG).

The pathology shared by the heterogeneous group of
glaucoma disorders is characterized by progressive optic
nerve atrophy and retinal ganglion cell (RGC) death [Vohra
R, Tsai J C, Kolko M, 2013. The role of inflammation in the
pathogenesis of glaucoma. Sury Ophthalmol 58:311-320]
which gradually lead to visual field loss. Although the
research in the field of glaucoma is substantial, the patho-
logical mechanisms involved in the onset and development
of the disease are still not completely understood. Neuronal
degeneration in glaucoma might be due to a combination of
molecular factors, such as compromised retrograde axonal
transport along the optic nerve, neurotrophin deprivation,
increased oxidative stress, or excitotoxic stress caused by a
glutamate impaired response [Madeira M H, Boia R, et al.
2015. Contribution of microglia-mediated neuroinflamma-
tion to retinal degenerative diseases. Mediators Inflamm.
2015:15; Almasieh M, Wilson A M, et al. 2012. The molecu-
lar basis of retinal ganglion cell death in glaucoma. Prog
Retin Eye Res. 31:152-181].

Advanced age and elevated intraocular pressure (TOP)
are the main risk factors for the onset and progression of
glaucoma. Nevertheless, 30-40% of patients with glaucoma
present IOP values within the normal range [Sommer A et al.
1991. Relationship Between Intraocular Pressure and Pri-
mary Open Angle Glaucoma Among White and Black
Americans: The Baltimore Eye Survey. Arch Ophthalmol
109:1090-1095; Fan N, Wang P, et al. 2015. Ocular blood
flow and normal tension glaucoma. Biomed Res Int. 2015:
308505]; of particular note is the fact that glaucoma patients
with normal IOP appear to have more localized and central
visual field defects for normal tension glaucoma (NTG) than
high tension Glaucoma (HTG) [Thonginnetra O, Greenstein
V C, Chu D, et al, 2010. Normal versus High Tension
Glaucoma: A Comparison of Functional and Structural
Defects, ] Glaucoma; 19: 151-157] suggesting that increased
IOP is not essential for neuronal degeneration. Since
elevated 1OP is the only modifiable risk factor, therapeutic
strategies target lowering of the TOP and include pharma-
cological treatments, surgical procedures, and laser treat-
ment. Although high intraocular IOP is considered as the
most important risk factor for the development of glaucoma,
it is neither necessary nor sufficient since in many patients
RGC degeneration continues in spite of treatment to lower
IOP [Edward Brubaker R F. Delayed functional loss in
glaucoma. LII Jackson Memorial Lecture.1996. Am J Oph-
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thalmol. 121:473-483]; in fact, the risk of unilateral blind-
ness in patients with open-angle glaucoma treated to lower
1OP is estimated to be around 27% during a 20-year follow-
up [Hattenhauver M G, Johnson D H, et al. 1998. The
probability of blindness from open-angle glaucoma. Oph-
thalmology. 105:2099-2104.]

The fact that aqueous humor outflow is diminished sig-
nificantly in glaucoma may engender a harmful environment
in the eye and possibly in other neural structures, leading to
altered metabolism and retinal ganglion cell degeneration.
Recent research points to structural, metabolic and func-
tional glaucoma-driven changes in both the eye and the brain
[Murphy M C, Conner P I, Teng C Y, et al. 2016. Retinal
Structures and Visual Cortex Activity are Impaired Prior to
Clinical Vision Loss in Glaucoma. Sci Rep. 6: 31464], and
it appears that glaucoma deterioration is already present in
the eye and the brain before substantial vision loss can be
detected clinically in patients [Wollstein G. et al. 2012.
Retinal nerve fibre layer and visual function loss in glau-
coma: the tipping point. Br J Ophthalmol 96, 47-52; Alasil
T. et al. 2014. Correlation of retinal nerve fiber layer
thickness and visual fields in glaucoma: a broken stick
model. American journal of ophthalmology 157, 953-959].
Some of the metabolic changes in glaucoma that may
underlay its pathology are calcium disregulation [He Y, Ge,
Tombran-Tink J, 2008. Mitochondrial Defects and Dysfunc-
tion in Calcium Regulation in Glaucomatous Trabecular
Meshwork Cells. Investigative Ophthalmology & Visual
Science. 49: 4912-4922], alterations in glutamate and glu-
tamine [Hu R G, et al. 2012. Alterations of glutamate,
glutamine, and related amino acids in the anterior eye
secondary to ischemia and reperfusion. Curr Eye Res.
37:633-43] and alteration in lactate transport and metabo-
lism [Jovanovic¢ P, et al. Dehydrogenase and oxidative stress
activity in primary open-angle glaucoma aqueous humour.
Bos J Basic Med Sci 22010; 10: 84-88; Kolko M, et al.
Lactate transport and receptor actions in retina: Potential
roles in retinal function and disease. Neurochem Res 2016;
1229-1236]. Since aquaporin-9 plays a significant role in
transporting lactate into cells, a mutation in the AQP9 gene
that would result in the loss of aquaporin-9 function would
adversely affect retinal ganglion [Miki A, et al. Loss of
aquaporin 9 expression adversely affects the survival of
retinal ganglion cells]. and other retinal cells that are depen-
dent on lactate as an energy source [Hurley J B, Lindsay K
J, Du J. Glucose, lactate, and shuttling of metabolites in
vertebrate retinas. J Neurosci Res. 2015; 93:1079-1092;
Vohra R, Kolko M. Lactate: More Than Merely a Metabolic
Waste Product in the Inner Retina. Mol Neurobiol. 2020;
57:2021-2037]

Even though glaucoma is a defect in aqueous outtlow,
which may or may not result in increased IOP, reduction of
1OP for both high tension and normal tension glaucoma is
currently the only dependable pharmaceutical approach to
the management of POAG. Therapeutic agents for POAG
treatment include prostaglandin analogs, f-adrenergic
receptor blockers, af-adrenergic receptor blockers,
al-adrenergic receptor blockers, a2-adrenergic receptor
agonist, and carbonic anhydrase inhibitors (Kwon et al.,
2009, N Engl J Med 360:1113-1124; Abu-Amero, et al.,
2015, IIMS 16:28886-2891; Sommer A et al, 1991, Arch
Ophthalmol 109:1090-1095)

Topical prostaglandin analogs (PAs) are the most fre-
quently drugs used to treat glaucoma. Used once a day PAs
lower IOP by 25-30% and stabilize it at a lower level by
increasing uveoscleral outflow. PAs can have significant
side-effects, such as conjunctival hyperemia, irreversible
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darkening of the iris in people with multicolor irises,
increased periorbital (eyelid) skin pigmentation, local irri-
tation, itching, dry eye, blurred vision, periorbital fat atro-
phy, and in rare cases may cause uveitis or cystoid macular
edema. Beta blockers lower IOP by 20-25% with once- or
twice-daily dosing by decreasing aqueous formation. Beta
blockers are well tolerated topically and rarely cause local
adverse effects, such as stinging, itching, redness and blurred
vision. Beta blockers, however, even though administered
locally to the eye can have significant systemic side effects
including dizziness, bradycardia, respiratory depression,
masking of hypoglycemia, and interfering with the treatment
of asthma by beta2-agonists. The systemic side effects have
limited their use as first-line therapy. Carbonic anhydrase
inhibitors (CAls), like beta blockers, decrease IOP by
decreasing production of aqueous humor. CAIS are very
effective and decrease IOP by 30-50%, but have many
systemic adverse effects, which restrict their use. When any
one drug does not lower the IOP to a safe level, a combi-
nation of 2 or more drugs are used to achieve the desired
IOP; however, the side effects of drug combination are also
additive. When pharmacological agents are no longer effec-
tive at lowering IOP sufficiently, surgical intervention is
necessary in the form of laser trabeculoplasty or implanta-
tion of devices to allow outflow of aqueous humor.

It should also be noted that even when drugs are effective
at lowering TOP, retinal ganglion cells (RGCs) continue to
undergo apoptosis and consequent vision loss progresses,
albeit at lower rate. Current drugs for glaucoma affect either
aqueous humor production or the nonconventional uveo-
scleral outflow pathway. There are no drugs available that
increase aqueous humor outflow via the conventional tra-
becular meshwork/Schlemm’s canal pathway and there are
no drugs that increase the formation of aqueous that is
necessary to bring nutrients to the eye to maintain a meta-
bolically healthy environment. In fact, many of the drugs to
treat glaucoma decrease aqueous formation, such as the
commonly used beta blockers and carbonic anhydrase
inhibitors. Therefore, it would be desirable to provide drugs
useful for the control of intraocular pressure, particularly for
the treatment of glaucoma and other disorders related to
elevated intraocular pressure, where such drugs increase
aqueous humor outflow via the conventional trabecular
meshwork/Schlemm’s canal pathway and have fewer side
effects when compared to present drugs; such drugs would
have an increased beneficial effect if they would also bring
nutrients into the eye by increasing aqueous humor forma-
tion. Drugs for the treatment of elevated TOP due to other
conditions, such as surgical intervention for cataracts would
also be desirable. Such drugs should be safe, non-toxic, and
be amenable to incorporation in carriers and vehicles suit-
able for administration to the eye, either topically, by injec-
tion, or by ocular insert. These and other objectives will be
met by the methods and compositions of the present inven-
tion, as described in more detail hereinafter.

Example 2
KATP Channel

The ATP-sensitive K+(KATP) channel was first described
by Noma (Noma A, 1983, Nature, 305:147) in cardiac
muscle and has since been identified in a number of cells and
tissues (Meisheri K, et al, 1995, Molecular Pharmacology
47:155; Schmid-Antomarchi H et al, 1987, Biophysical
Research Communications 146:21; Spruce A, et al., 1987,
Journal of Physiology 382:213; Niki I, Ashcroft S J; 1993,
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Neuropharmacology 32:9510). KATP channels couple cell
metabolism to electrical activity and thus regulate cell
functionality, such as insulin secretion from pancreatic
p-cells, transmitter release from brain neurons, and regulate
the cellular and extracellular water balance.

The KATP channels, members of the inward rectifying
K+ channel family, are octameric complexes composed of
four Kir6.x subunits and four sulfonylurea receptors (SUR)
subunits (Shyng S, Nichols C, 1997, J Gen Physiol 110:655).
The Kir6 subfamily is a member of the inward rectifier
family and has two members, Kir6.1 and Kir6.2. SURs are
members of the ABC superfamily and comprise sulfonyl
urea receptors SUR 1, SUR 2A and SUR 2B (Bryan J et al.,
2007, Pflugers Arch—FEur J Physiol 453:703; Aittoniemi J et
al., 2009, Philosophical Transactions of the Royal Society B:
Biological Sciences 364:257). SURs, by themselves, per-
form no recognized function. Instead, they undergo asso-
ciation with heterologous pore-forming subunits to form ion
channels, which they regulate. SURs contains two nucleo-
tide-binding domains as well as low and high affinity bind-
ing sites for sulfonylurea drugs and related compounds, such
as glibenclamide and tolbutamide, which are potent inhibi-
tors of SUR-regulated channel activity. SURs are the target
of sulfonylurea and glinide drugs used to treat diabetes
mellitus type 2, neonatal diabetes, and some forms of
congenital hyperinsulinemia. In the pancreatic p-cells, bind-
ing of sulfonylureas and glinides to KATP channels induces
channel closure, causing membrane depolarization, which
activates voltage-dependent Ca®* channels in the B-cell
plasma membrane and the resulting Ca2+ influx triggers
Ca®*-dependent insulin granule exocytosis (Ashcroft F, Ror-
sman P, 1989, Prog. Biophys. Molec. Biol, 54:87; Proks P,
et al., 2002, Diabetes 51:S368).

KATP channel activity is thought to be regulated mainly
by the metabolic activity of the cell via changes in the
concentrations of intracellular adenine nucleotides. Electro-
physiological studies have suggested that, based on their
kinetics and pharmacological properties, distinct types of
KATP channels can be detected in various tissues. These
different types of KATP channels appear to result from
cell-specific expression and the combination of different
subunits. Indeed, two Kir6.x (Kir6.1, also known as KCNJS,
and Kir6.2, also known as KCNIJ11) and two SURx (SUR1,
also known as ABCCS, and SUR2, also known as ABCC9)
subunits have been identified, and their various combina-
tions can give rise to functional KATP channel subtypes
(Seino S, Miki T, 2003 Progress in Biophysics and Molecu-
lar Biology 81:133). Six functional KATP channels have
been identified, specifically SUR1/KIR6.1, SUR1/KIR6.2,
SUR2B/KIR6.1, SUR2A/Kir6.1, SUR2A/KIR6.2, and
SUR2B/KIR6.2. These channels have different sensitivities
to ATP, channel openers and channel inhibitors as well as
tissue distribution.

The KATP channels are regulated by intracellular ATP
such that it is spontaneously active in the absence of ATP and
closed by increasing ATP concentration in the cytoplasmic
side of the membrane. The KATP channels are not activated
by intracellular Ca', and gating of the channel is independent
of membrane potential. The channel is selective for K+, and
it is selectively inhibited by sulfonylurea compounds and
glinides. All pharmacological sulfonylureas contain a central
S-arylsulfonylurea structure with a p-substituent on the
phenyl ring (R) and various groups terminating the urea N'
end group (R2). As an example for chlorpropamide the
p-substituent (R) on the phenyl ring is chloride (Cl—) and
the substituent at the N' of urea (R2) is a propyl group.
Pharmacological sulfonylureas include carbutamide, aceto-
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hexamide, chlorpropamide, and tolbutamide. gliclazide,
glibenclamide, glyburide, glibornuride, gliquidone,
glisoxepide, and glyclopyramide, glimepiride. A number of
other sulfonylureas are used as biopesticides because they
can interfere with plant biosynthesis of the amino acids,
valine, isoleucine, and leucine. Glinides are a heterogeneous
class of insulin secretion stimulating agents that bind to the
KATP channel and close the channel. Glinides bind to the
sulfonylurea receptor with a lower affinity than sulfony-
lureas (Stephan D, Winkler M, Kiihner P, Russ U, Quast U.
Selectivity of repaglinide and glibenclamide for the pancre-
atic over the cardiovascular KATP Channels. Diabetologia
2006; 49:2039-2048)

Sulfonylureas and glinides, which target KATP channels,
are a mainstay of diabetes therapy. KATP channels are
hetero-octameric structures composed of four regulatory
sulfonylurea receptor subunits (SURs) and four Kir6.x sub-
units, the latter forming a central ion pore that permits K+
efflux. The importance of SURI1 as a regulator of KATP
channel activity is exemplified by the fact that loss- and
gain-of-function mutations result in congenital hyperinsu-
linemia (HI) and neonatal diabetes, respectively. KATP
channels play a key role in insulin secretion both in response
to glucose, the main physiological stimulus, and to sulfo-
nylurea drugs that are used to treat type 2 diabetes. Loss-
of-function mutations reduce KATP channel activity, pro-
ducing a persistent membrane depolarization that leads to
the activation of voltage-gated Ca' influx and continuous
insulin secretion, irrespective of the blood glucose level.
Conversely, gain-of-function mutations prevent the channel
from closing in response to metabolically generated changes
in adenine nucleotides. Thus the p-cell remains hyperpolar-
ized even when blood glucose levels rise, thereby keeping
voltage-gated Ca' channels closed and preventing Ca' influx
and insulin secretion. Congenital HI is characterized by
abnormal high levels of insulin secretion despite severe
hypoglycemia. A number of mutations in Kir6.2 have been
identified in familial early-onset type 2 diabetic probands
and their families. Of particular interest is that increased risk
of glaucoma is associated with diabetes duration, and fasting
glucose levels.

To investigate the effect of modulators of openers and
blockers of the KATP channel in higher animals, the inven-
tors tested their effect on the intraocular pressure in rabbits
and discovered that 800 pg of tolbutamide, chlorpropana-
mide, glibenclamide and tolazamide decreased IOP whereas
diazoxide, KATP channel opener, increased IOP signifi-
cantly within 1 hour. In cynomolgous monkeys, short-term,
1-hour studies in also showed that 500 pg tolbutamide a
KATP channel blocker, decreased TOP Since blockers of the
KATP channel are drugs that have been used for over 50
years to treat diabetes Type 11, the inventors obtained ethical
board permission to treat glaucoma patients with a solution
of 250 pg tolbutamide twice daily, a concentration that is
1000 to 2000 times lower that the minimal starting dose used
to treat diabetes. Tolbutamide, a well-known and world-
wide clinically approved drug to treat Type II diabetes, was
used as the prototype blocker of the KATP channel. It was
unexpected that 1 drop of tolbutamide twice daily decreased
IOP for the 6 days of the study. Tolbutamide solution
decreased IOP not only in glaucomatous patients, but also in
patients with elevated IOP after cataract surgery. More
surprisingly and unexpected was the result that after 3 days,
administration of one drop of 0.5% tolbutamide solution to
the eye twice daily increased aqueous formation by approxi-
mately 150% and increased outflow via the trabecular mesh-
work/Schlemm’s canal by 350%; none of the drugs currently
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used to treat glaucoma increase aqueous formation as well as
aqueous outflow with a net outflow balance. These data, in
conjunction with data showing that tolbutamide adminis-
tered topically to the eye twice daily decreased IOP in 5
patients suffering with glaucoma and one patients with
elevated 1OP after cataract surgery, clearly indicated that in
humans, blockers and not openers of the KATP channel
increase aqueous outflow and can decrease 1OP.

Since type II diabetes is treated with sulfonylureas, the
lowering of IOP and modulation of aqueous humor dynam-
ics by the sulfonylurea tolbutamide could be inferred as a
result of the treatment of the underlying diabetes; however,
such inference is erroneous considering that to lower IOP in
rabbits and humans 2 drops/day of 0.5% tolbutamide are
required, which is equal to a dose of 500 pg/day (1.0 ml
equals 20 drops) whereas treatment of diabetes with tolbu-
tamide requires “250 mg-2 g PO gqDay or q8-12 hr; not to
exceed 3 g/day; maintenance dose >2 g/day seldom
required”.  (https://reference.medscape.com/drug/tolbuta-
mide-342725) and “The usual starting dose is 1 to 2 grams
daily. This may be increased or decreased, depending on
individual patient response” (https://www.drugs.com/pro/
tolbutamide.html). It is obvious that the dose required to
lower IOP and modulate aqueous dynamics (500 ng/day)
will not treat diabetes (250 mg-2 grams/day).

Example 3
Glaucoma Treatment

Since current drugs to treat glaucomas and elevated IOP
slow but do not prevent RGCs degeneration and do not
increase sufficiently aqueous humor outflow via the ciliary
body/trabecular meshwork/Schlemm’s canal complex, its
natural outflow pathway, and in addition have significant
side effects, there is an urgent need for novel useful drugs for
the treatment of glaucomas and elevated TOP by regulating
aqueous humor dynamics via the ciliary body/trabecular
meshwork/Schlemm’s canal pathway. Novel methods and
compositions for treating glaucomas and intraocular pres-
sure in the eye of a patient are presented in this disclosure.
The compositions comprise compounds that bind to the
sulfonylurea receptors moiety of the KATP channels closing
the channels (channel blocker) and thus modulate cellular
potassium efflux, increase outflow facility via the ciliary
body/trabecular meshwork/Schlemm’s canal complex, and
decrease IOP. The KATP-channel blockers compounds are
preferably sulfonylurea compounds, more preferably being
selected from the group that include carbutamide, acetohex-
amide, chlorpropamide, and tolbutamide, gliclazide, gliben-
clamide, glyburide (also known as Micronase), glibornuride,
gliquidone, glisoxepide, and glyclopyramide, glimepiride
(also known as Amaryland or Glimiprime), and therapeuti-
cally equivalent salts and derivatives thereof, and are pref-
erably present in the compositions in concentrations from
about 0.001% to 10% by weight. Non-sulfonyl urea com-
pounds, however, have also been found to be effective, such
chlorpromazine, 2,3-butanedione, hydroxydecanoic acid
and glinides.

Such compounds are delivered to the eye in an ophthal-
mically acceptable carrier in an amount effective to increase
aqueous humor outflow whether exhibiting elevated TOP or
normal IOP (normotensive glaucoma) and lower TOP when
administered to an eye having elevated intraocular pressure.
Suitable administration methods include, but are not limited
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to topical application, injection, and timed release using an
ocular insert or equivalent formulation.

Example 4
Formulations

The methods and compositions of the present disclosure
are intended for treatment of impaired aqueous humor
outflow. In some embodiments, the impaired aqueous humor
outflow is caused by glaucoma or other eye conditions. In
some instances the patient requiring treatment for impaired
aqueous humor outflow may also manifest TOP elevation in
the eye. The patient may be human, or other mammals.

Glaucoma is a term which embraces a group of ocular
diseases characterized by normal aqueous humor production
by the ciliary body and impaired aqueous humor outflow by
the trabecular meshwork/Schlemm’s canal pathway. The
impaired aqueous outflow may result in hypoxic stress,
oxidative stress, elevated levels of excitatory amino acids,
such as glutamate and aspartate, decreased neurotrophic
factors, and in about 60% of patients impaired aqueous
outflow increases TOP. These consequences of decreased
outflow result in damage and eventual death of retinal
ganglion neurons, which is glaucoma. Glaucomas are well-
described in the medical literature. In addition to glaucoma,
other conditions in which disregulation of aqueous outflow
results in elevated intraocular pressure levels include cata-
ract surgery, steroid treatment, and treatment with other
drugs known to elevate intraocular pressure. The methods
and compositions of the present invention are intended to
treat all such conditions, and are not limited to glaucoma or
dry eyes only, in order to lower the intraocular pressure to
avoid damage to the optic nerve and retinal ganglion cells.

It is expected that other selective KATP channel inhibitors
will be identified in the future and that they will be useful in
the methods of the present disclosure. KATP channels have
been identified in many cell types, e.g., cardiac cells, skeletal
and smooth muscle, neurons and pancreatic p-cells. It is very
likely that KATP channels are found in many cells, and the
data present in the Experimental section hereinafter indicate
the presence of such an KATP channel in the trabecular
meshwork cells of the eye. The inventors have shown that
sulfonylurea compounds bind to a receptor present in tra-
becular meshwork cells and the kinetics of binding are the
same as the binding of sulfonylurea compounds to pancre-
atic f-cells. In addition, glybenclamide (a sulfonylurea) and
chlorpromazine inhibit potassium efflux from trabecular
meshwork cells as indicated by **Rubidiun efflux.

The KATP channel inhibiting compounds will be admin-
istered to the eye in amounts and over a schedule effective
to lower the intraocular pressure of the eye, when the
intraocular pressure is elevated or when it is necessary to
lower the intraocular pressure to prevent damage to the optic
nerve or when it is necessary to increase the outflow facility
of the aqueous humor. The amount of the compound
required for such lowering will depend on a number of
factors, including degree of initial pressure elevation, con-
dition of the patient, specific formulation, activity of the
particular compound which is being administered, and the
like, with exemplary amounts being in the range from about
50 nug to 5 mg per dose (i.e., single application of the
composition), usually being from 250 pg to 1 mg per dose.

Topical compositions for delivering the KATP channel
modulating compounds of the present invention will typi-
cally comprise the compound present in a suitable ophthal-
mically acceptable carrier, including both organic and inor-
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ganic carriers. Exemplary ophthalmically acceptable
carriers include water, buffered aqueous solutions, isotonic
mixtures of water and water-immiscible solvents, such as
alkanols, aryl alkanols, vegetable oils, polyalkalene glycols,
petroleum-based gels, ethyl-cellulose, carboxymethylcellu-
lose, polyvinylpyrrolidones, isopropyl myristates, dextran,
glycerin, dextran, hypromellose, polyethylene glycol, poly-
sorbate, polyvinyl alcohol, povidone, or propylene glycol,
and the like. Suitable buffers include sodium chloride,
sodium borate, sodium acetate, gluconates, phosphates, and
the like.

The formulations of the present disclosure may also
contain ophthalmically acceptable auxiliary components,
such as emulsifiers, preservatives, wetting agents, thixo-
tropic agents (e.g., polyethylene glycols, antimicrobials,
chelating agents, and the like). Particularly suitable antimi-
crobial agents include quaternary ammonium compounds,
benzalkonium chloride, phenylmercuric salts, thimerosal,
methylparaben, propyl paraben, benzyl alcohol, phenyletha-
nol, sorbitan, monolaurate, triethanolamine, oleate, poly-
oxyethlene sorbitan monopalmitylate, dioctyl sodiumsulfo-
succinate, monothioglycerol, and the like. Ethylenediamine
tetracetic acid (EDTA) is a suitable chelating agent.

The following formulations are exemplary of the compo-
sitions of this disclosure. These formulations are illustrative
only and are not intended to limit the scope of this invention
and should not be so construed.

FORMULA 1.
Component Amount
Tolbutamide 10 pg to 20 mg
Thimerosal 0.001%
Phosphate Buffered Saline 1 ml
FORMULA 2
Component Amount
Tolbutamide 10 pg to 20 mg
Hypromellose 0.4%
Sodium Chloride to 300 mOSm
Hydrochloric acid/sodium hydroxide pH 6.7
Thimerosal 0.001%
FORMULA 3
Component Amount
Glybenclamide 1 pgto 20 mg
Sodium chloride 8 mg
Boric acid 1 mg
Benzalkonium chloride 0.1 mg
Hydrochloric acid/sodium hydroxide pH 7.0
Water for injection (gs) 1 ml
FORMULA 4
Component Amount
Glybenclamide 1 pgto 20 mg
Methyl paraben 1 mg
Propyl paraben 1 mg
Sodium chloride 5 mg
Water for injection (gs) 1 ml
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Example 5

Experimental Results

Effect of Tolbutamide on TOP of Normal Cynomologus
Monkeys: Formulations of the KA channel inhibitor tolbu-
tamidewere tested as a suspension and as a solution for its
ability to lower intraocular pressure in normal cynomologus
monkeys. For the suspension, 0.4% tolbutamide was pre-
pared in NaCl/borate buffer (0.8 mg NaCl, 1.0 mg boric acid,
pH 7.2, water to 1 ml; for the solution, 0.4% tolbutamide
was solubilized in 0.25 M NaOH and added to 0.4%
hypromellose (HPMC) and the pH adjusted to 6.7. Tonicity
was adjusted to 300 mOSm with NaCl and preserved with
0.001% thimerosal. The suspension and solution were tested
as follows: Monkeys were anesthetized with ketamine
hydrochloride and the baseline IOP determined. One drop of
drug was administered to the right eye and the IOP deter-
mined 1 hour later, while the animals were still under
anesthesia; the left eye served as a control. Two animals for
each treatment were used. The results are presented in Table
1. The decrease in IOP in the untreated eye is the result of
anesthesia.

TABLE 1
I0P mmHg (% Change)

pre-treatment 1 hour post-treatment
Treatment OD OS OD(treated) OS (untreated)
Tolbutamide 1 24 24 15 (=37) 18 (-25)
0.4% suspension 2 24 22 18 (-25) 19 (-14)
Tolbutamide 1 26 26 22 (-19) 23 (-12)
0.4% solution 2 25 23 17 (-32) 17 (-26)

The Presence of KATP in Trabecular Meshwork Cells:
Aliquots of bovine trabecular meshwork were incubated on
ice with various nM concentrations of *H-glibenclamide.
Non-specific binding was determined as the residual binding
in the presence of 20 uM non-labeled glibenclamide. After
2 hrs incubation, *H-bound glibenclamide was separated
from free *H-glibenclamide on Whatman GF/F filters
soaked in incubation buffer. Specific binding as calculated as
the difference between binding in the absence and presence
of non-labeled 20 nM glibenclamide (FIG. 1). The data
presented in FIG. 1 shows that trabecular meshwork cells
have a receptor for glybenclamide and by analogy these cells
have a receptor for other sulfonylureas.

To define whether the sulfonylurea receptor in trabecular
meshwork cells is similar to the sulfonylurea receptor of
pancreatic f-cells, the inventors compared the kinetics of
displacement of *H-glibenclamide by tolbutamide in bovine
trabecular meshwork cells and RIN-mSF cells (an insuli-
noma cell line derived from rat pancreatic islet cells
(ATCC® CRL-11605™). The data in FIG. 2 shows that the
displacement of *H-glibenclamide by tolbutamide from TM
cells (green) and RIM-mSF (red) cells occurred with the
same kinetics, suggesting that the receptors on the two cell
lines have similar pharmacological properties.

Effect of Tolbutamide on TOP in Human Subjects.

a. Effect of 1 drop of 0.4% tolbutamide. Three patients with
elevated TOP, due to exfoliative glaucoma, to POAG and to
the increase in TOP that occurs in some patients following
lens extraction, were treated with one drop of 0.4% tolbu-
tamide solution. TOP was measured at “0” time and at one
hour intervals for 5 hours (when possible) by a nurse while
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the patient was in the hospital. The results shown in Table 2,
expressed as mm of Hg, show that tolbutamide can decrease
TOP significantly in all three conditions of elevated TOP.

TABLE 2

Effect of one drop of 0.4% Tolbutamide on IOP Human Subjects

Patient
3
1 2 IOP Spike
Exfoliative Glaucoma Primary Open Angle after Lens
of OD Glaucoma Extraction
Disease OD (& OD (& OD
“0” hours 48 20 34 32 30
(pre-treatment
10P)
1 hr 30 27
2 hrs 44 18 20
3 hrs 32 14 26 22
4 hrs 30 14 22 20
5 hrs 30 14 22 20

b. Effect of 0.4% tolbutamide on human subjects for an
extended time. To determine whether longer-term treatment
with tolbutamide lowered TOP without any significant side
effects, four patients with POAG patient was treated with
one drop of 0.4% tolbutamide twice daily (FIGS. 5-7) as
shown in the figures. Vials containing drug and vehicle were
color-coded by the manufacturing facility; the patient, the
nurse and the investigator were not aware which vial con-
tained the drug and which vial contained the vehicle.

For patient 1, on days 1 through 6, IOP was measured at
9:00 AM., 1 drop of 0.4% Tolbutamide suspended in
buffered PBS (pH 6.7) was instilled to the right eye and IOP
measured at 12:00 Noon and at 3:00 PM. The patient was
instructed to apply one drop of drug 10:00 P.M. to the right
eye and come to the clinic each day to have IOP measured.
Note that during the first day the IOP remained high in this
patient, but decreased significantly during the next 5 days.

As illustrated in FIG. 6 and Table 3, Patient 2, who
suffered from glaucoma and had become refractory to
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Timolol, was treated with 0.4% Tolbutamide after a 3-week +

washout. On days 1 through 5, IOP was measured at 8:00
AM., 1 drop of 0.4% Tolbutamide suspended in buffered
PBS (pH 6.7) was instilled to the right eye and IOP
measured at the indicated times. A second drop was admin-
istered at 10:00 PM. All measurements and drug adminis-
trations were done in the hospital, since the patient was
admitted for an unrelated condition.

TABLE 3
IOP OD (treated OS (Control)
Day Time mm Hg % Change mm Hg % Change

1 4:00 PM 31 16

6:00 PM 21 =32 13 -19

6:30 PM 18 —42 18 +12
2 8:00AM 16 —48 18 +12

4:00 PM 27 -13 18 +12

8:00 PM 28 -10 18 +12
3 8:00 AM 20 —35 18 +12

4:00 PM 22 -29 16 00

8:00 PM 21 -32 14 -13
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TABLE 3-continued

IOP OD (treated OS (Control

Day Time mm Hg % Change mm Hg % Change
4 8:00 AM 18 —42 19 +19
4:00 PM 22 -29 13 -19
8:00 PM 24 -23 15 —6
5  8:00AM 17 —45 — —
2:00 PM 23 -26 19 +19

Patients 3 and 4 were given a bottle of drug and one of
vehicle and were instructed to instill one drop from one
bottle in the right eye (drug) and one drop from the second
bottle to the left eye (control) at 9:00 AM and at 10:00 PM.
The bottles were color-coded and the patient was not aware
of which bottle contained the drug and which contained the
vehicle. The patient was asked to come to the clinic at 8:30
AM and at 5:00 PM each day to have the TOP measured
(FIG. 7).

Effect of 0.4% tolbutamide on aqueous humor outflow

facility: The unexpected results in the 5 glaucoma patients
definitely show that inhibition of the ATP-sensitive potas-
sium channel lowers TOP in open angle glaucoma patients,
in exfoliative glaucoma patients as well as in patients with
high TOP due to surgical intervention. Since Chowdhury has
reported that activation of the ATP-sensitive channel pro-
motes aqueous outflow in rodents, the inventors determined
whether the lowering of TOP in glaucoma patients would be
via a different mechanism. Thus, they investigated whether
one drop of 0.45 tolbutamide would affect aqueous dynam-
ics using fluorophotometry to measure aqueous production
and outflow.
Fluorophotometry. To define the mechanism of action of
tolbutamide, measurements of aqueous dynamics were done
on patient 2 (See FIG. 6). For this study TOP and rate of
aqueous formation were measured at 9:00 A.M. The patient
was asked to apply one drop of drug to the right eye at 9:15
A.M. and one at 10:00 PM. for 3 days. On the morning of
the fourth day TOP and rate of aqueous formation were
again measured.

TABLE 4

Effect of Tolbutamide on Inflow and Outflow of Aqueous
Humor in an Ocular Hypertensive Patient.

Inflow Outflow Facility IOP
(ul/min (ul/min/mmHg (mmHg
oS oD oS oD oS oD
Pre-Treatment 2.1 1.9 0.161 0.146 22 22
Post-treatment 1.2 3.0 0.137 0.50 18 15

Facility of Outflow (C) was calculated after Goldman:

Rate of formation
~ IOPt — Episcleral IOP’

where IOPt is the intraocular pressure in mmHg at the time
the rate of inflow is measured. Episcleral pressure for this
patient was estimated at 9 mmHg.

The results (Table 4) showing that KATP channel inhibi-
tion increase both production and outflow of aqueous were
unexpected, considering that other researchers (such as
Chowdbury et al) have not only reported that activation of
the KATP channel decreases IOP in animal models of
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glaucoma and in perfused human anterior segment but that
activation of the KATP channel by openers of the channels
increase aqueous outflow. The present data shows that in
glaucoma patients inhibition of the KATP channel increase
aqueous production by 100% and increases aqueous outflow
by 350%, suggesting that the KATP channel modulates the
metabolic activity of the ciliary body/trabecular meshwork/
Schlemm’ canal complex. These data unquestionably show
that KATP channel inhibition and not activation regulates
aqueous humor dynamics.

Adverse ocular effects of tolbutamide administered as
drops to the eye. To determine whether tolbutamide has any
adverse ocular side effects, patients were observed for
symptom of ocular toxicity. Specifically, patients were
monitored for discomfort, ocular pain, tearing, photophobia,
erythema, swelling, discharge and scaling, palpebral con-
junctival inflammation, bulbar conjunctival inflammation;
limbal inflammation, corneal epithelial changes and focal
stromal infiltrates. Symptoms were classified as O=normal;
1=mild; 2=moderate; and 3=severe. All patients in the study
were found to be free of severe symptoms at any time during
the study. In all cases symptoms were classifies as “0-1".

Example 6
Experimental Results

In one embodiment, the gene for the KATP channels is
mutated. Specifically, the inventors isolate trabecular mesh-
work cells from donor eyes that had a history of glaucoma.
The genes for aquaporin 9 (AQP9) and both genes for the
components of the KATP channel, the pore forming sub-
units, KCNJ8 and KCNIJ11, and the sulfonylurea subunit,
ABCC8 and ABCC9, were sequenced and compared to the
sequence to publicly available data to determine specific
mutations. The methods of the present disclosure are
intended for the diagnosis and identification of individuals at
risk within a population.

The KATP channels, members of the inward rectifying
K+ channel family, are octameric complexes composed of
four Kir6.x subunits and four SUR subunits. The Kir6
subfamily is a member of the inward rectifier family and has
two members, Kir6.1 and Kir6.2. SURs are members of the
ABC superfamily and comprise sulfonyl urea receptors SUR
1, SUR 2A and SUR 2B. SURs, by themselves, perform no
recognized function. Instead, they undergo association with
heterologous pore-forming subunits to form ion channels,
which they regulate. SUR1 contains two nucleotide-binding
domains as well as low and high affinity binding sites for
sulfonylurea drugs and related compounds. Drugs such as
glibenclamide, tolbutamide and glinides are potent inhibi-
tors of SUR-regulated channel activity. SURs are the target
of sulfonylurea drugs and glinides used to treat diabetes
mellitus type 2, neonatal diabetes, and some forms of
congenital hyperinsulinemia. In the pancreatic p-cells bind-
ing of sulfonylureas and glinides to KATP channels induces
channel closure, causing membrane depolarization, which
activates voltage-dependent Ca' channels in the f-cell
plasma membrane and the resulting Ca®* influx triggers
Ca®*-dependent insulin granule exocytosis.

The AQP9 gene encodes a member of a subset of aqua-
porins called the aquaglyceroporins. Aquaporin 9 protein,
which belongs to the aquaporin’s family of water-selective
membrane channels, allows passage of a broad range of
noncharged solutes including glycerol, lactate, urea, polyols,
purines, and pyrimidines. This protein may also facilitate the
uptake of glycerol in hepatic tissue. The encoded protein
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may also play a role in specialized leukocyte functions such
as immunological response and bactericidal activity. Alter-
nate splicing results in multiple transcript variants.

Example 7
Mutation Results

In the eye intraocular pressure (IOP) is maintained by an
equilibrium between aqueous production by the ciliary body
and aqueous outflow via the trabecular meshwork-
Schlemm’s canal complex. In approximately 60% of pri-
mary open angle glaucoma (POAG) patients IOP increases
because of a decrease in aqueous outflow; however, in about
40% of glaucoma patients the IOP is normal. It is worth
noting that in patients with high IOP less than 20% develop
glaucoma 5 years after high IOP diagnosis (Gordon M O,
Toni V, Miglior S, et al. Ocular Hypertension Treatment
Study Group; FEuropean Glaucoma Prevention Study
Group., Validated prediction model for the development of
primary open-angle glaucoma in individuals with ocular
hypertension. Ophthalmology. 2007; 114:10-90). Therapeu-
tic agents for the treatment of open angle glaucoma, whether
patients have high or normal IOP include prostaglandin
analogs, (3-adrenergic receptor blockers, of-adrenergic
receptor blockers, al-adrenergic receptor blockers,
a2-adrenergic receptor agonists, and carbonic anhydrase
inhibitors. These drugs lower IOP be increasing uveoscleral
outflow or by decreasing aqueous production. Rhepressa, a
drug recently approved decreases IOP at least in part by
increasing outflow via the trabecular meshwork (Ko-
pczynski C C, Heah T. Netarsudil ophthalmic solution
0.02% for the treatment of patients with open-angle glau-
coma or ocular hypertension. Drugs Today (Barc). 2018;
54:467-478.)

When pharmacological agents are no longer effective at
lowering IOP sufficiently, surgical intervention is necessary.
It should be noted that even when drugs are effective at
lowering IOP, retinal ganglion cells continue to undergo
apoptosis and consequently vision loss progression, albeit at
lower rate.

Research of the inventors have shown that sulfonylureas
and glinides, which are inhibitors of the ATP-sensitive
potassium channels, lower intraocular pressure significantly
by increasing aqueous outflow via the natural trabecular
meshwork-Schlemm’s canal pathway. As disclosed herein,
their studies in humans have shown that 0.4% tolbutamide
lowers intraocular pressure from 25-50% in primary open
angle glaucoma patients, in exfoliative glaucoma patients
and prevents the IOP spike that occurs following cataract
surgery. When outflow was examined via the trabecular
meshwork-Schlemm’s canal complex the inventors found
that 0.4% tolbutamide increases aqueous production by
150% and increases outflow by 350%, a net 200% outtlow
increase. Since it is known that with normal aging aqueous
humor production decreases, these results suggest that tolbu-
tamide rejuvenates the ciliary body-trabecular meshwork-
Schlemm’s canal complex. KATP channels are hetero-octa-
meric complexes comprised of four pore-forming inward
rectifier potassium channel subunits (Kir6.1 or Kir6.2) and
four regulatory sulfonylurea receptor subunits (SUR1 or
SUR2). Kir6.1 and Kir6.2 are encoded by the genes KCNJ8
and KCNIJ11, whereas SUR1 and SUR2 are encoded by
ABCC8 and ABCC9, respectively. The inventors sequenced
the 4 genes in 9 glaucoma patients and found that in all 9
patients the KCNJ11 gene had a nonsense mutation (rs5215)
that resulted in the substitution of valine for isoleucine at
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position 337 (337V/]) in the Kir6.2 protein resulting in loss
of normal channel function; the loss of normal channel
function resulting from the V337V mutation indicates that in
glaucoma patients, closure of the channel, which is normally
mediated by ATP, requires higher concentrations of ATP than
the concentration required in normal patients.

Research by the inventors has also shown the presence of
aquaporin 9 in the trabecular meshwork and ciliary body of
humans; aquaporin-9 has also been to be expressed in

26
KATP channels, specifically a channel that is composed of
4 Kir6.1 subunits and 4 SUR-2A subunits and a KATP
channel composed of 4 Kir6.2 and 4 SUR-2A subunits,
whereas the KATP in pancreas is compose of 4 subunits of
Kir6.2 and 4 subunits of SUR1. The inventors have also
localized aquaporin-9 in the trabecular meshwork of human
subjects (unpublished) and has been reported to be present
in the retina (Hollborn M. et al. Expression of aquaporins in
the retina of diabetic rats. Curr. Eye Res. 2011; 36:850-856)

TABLE 4

Gene Mutations in Glaucoma Patients

Metabolic
Gene Mutation Protein Effect Result Inhibition of K(ATP)
KCNJ11* s 5215 337V/I (Gain of  1(K"), (XY, | (Lactate),,
(Gte/Ate) function) 1 (Lactate),, 1 cell metabolism
t(glutamate), 1 ATP production
AQPY** 151867380 279 T/A (loss of 1 (Lactate), 1 Aqueous production
((Aca/Gea)  function) | (ATP in 11 Aqueous outflow
neurons)

*KCNIJ11 codes for the Kir6.2 subunit of the K(ATP) channel
*#*AQP9 codes for the aquaporin 9 channel that transports lactate into neurons; lactate is an essential energy

source and the loss of aquaporin9 adversely affects retinal ganglion cells (Miki A, et al, Am J Pathol 2013,
17271739; Akashi A, et al Neurosci Lett. 2015; 589: 185-90).

addition, the inventors have discovered the AQP9 gene,
which codes for aquaporin-9, has a potential loss-of-func-
tion mutation, rs1867380, which replaces the amino acid
threonine with alanine (T279A) at position 279. In individu-
als that carry the mutation rs 5215 in the KCNIJ11 gene, the
slower metabolism and lower ATP concentration that occurs
with age lead to the KATP-sensitive potassium channels
remaining open and potassium release into the extracellular
space, which leads to increased extracellular glutamate,
lactate, and cell swelling as has been observed after trau-
matic brain injury (Reinert M. et al High level of extracel-
Iular potassium and its correlates after severe head injury:
relationship to high intracranial pressure. J Neurosurg. 2000;
93:800-7) and restriction of aqueous outflow. The increased
extracellular potassium results in the release of lactate from
trabecular meshwork cells increasing lactate in the aqueous
from 410+89 pg/ml to over 720110 pg/ml (Jovanovic P, et
al. Bos J Basic Med Sci 2010; 10:83-88). A second germline,
non-synonymous mutation in the AQP9 gene (rs1867380,
ACA—-GCA) that replaces the amino acid threonine with
alanine at position 279 of the aquaporin results in a defective
aquaporin-9, which does not transport lactate to retinal
ganglion cells, which is the major and preferred source of
energy and required for neuronal survival (Akashi A, et al.
Aquaporin-9 expression is required for 1-lactate to maintain
retinal neuronal survival. Neurosci Lett. 2015; 589:185-90).
Since aquaporin-9 is essential for transporting lactate into
neurons for energy use, the loss of function will result in
elevated levels of extracellular lactate, which is also pro-
duced by astrocytes and transported to retinal neurons by
aquaporin-9 (Vohra R, Kolko M. Lactate: More Than Merely
a Metabolic Waste Product in the Inner Retina. Mol Neu-
robiol. 2020, Epub ahead of print; Kolko M, et al. Lactate
Transport and Receptor Actions in Retina: Potential Roles in
Retinal Function and Disease. Neurochem Res. 2016;
41:1229-36). The accumulation of lactate, glutamate and
waste products engenders a toxic environment for retinal
neurons that over time leads to the neurodegeneration
observed in glaucoma.

The inventors discovered that in the trabecular meshwork
and ciliary body of human subjects there are two distinct
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The data accumulated by the inventors indicate that
glaucoma is a neurodegenerative disease that results from a
toxic environment created by excess lactate and glutamate as
a result of mutations in two genes, specifically a mutation in
the KCNIJ11 gene and a mutation in the AQP-9 gene. The
KCNIJ11 mutation results in high extracellular potassium
ions, elevated lactate and glutamate, and elevated IOP
resulting from cell swelling; the AQP-9 mutation results in
an environment with high lactate since the defective aqua-
porin-9 encoded by the mutated AQP-9 cannot transport
lactate into neurons where it is serves as an energy substrate,
a source of NADH, and a scavenger of reactive oxygen
species (ROS).

The various methods and techniques described above
provide a number of ways to carry out the invention. Of
course, it is to be understood that not necessarily all objec-
tives or advantages described may be achieved in accor-
dance with any particular embodiment described herein.
Thus, for example, those skilled in the art will recognize that
the methods can be performed in a manner that achieves or
optimizes one advantage or group of advantages as taught
herein without necessarily achieving other objectives or
advantages as may be taught or suggested herein. A variety
of advantageous and disadvantageous alternatives are men-
tioned herein. It is to be understood that some preferred
embodiments specifically include one, another, or several
advantageous features, while others specifically exclude
one, another, or several disadvantageous features, while still
others specifically mitigate a present disadvantageous fea-
ture by inclusion of one, another, or several advantageous
features.

Furthermore, the skilled artisan will recognize the appli-
cability of various features from different embodiments.
Similarly, the various elements, features and steps discussed
above, as well as other known equivalents for each such
element, feature or step, can be mixed and matched by one
of ordinary skill in this art to perform methods in accordance
with principles described herein. Among the various ele-
ments, features, and steps, some will be specifically included
and others specifically excluded in diverse embodiments.
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Although the invention has been disclosed in the context
of certain embodiments and examples, it will be understood
by those skilled in the art that the embodiments of the
invention extend beyond the specifically disclosed embodi-
ments to other alternative embodiments and/or uses and
modifications and equivalents thereof.

Many variations and alternative elements have been dis-
closed in embodiments of the present invention. Still further
variations and alternate elements will be apparent to one of
skill in the art. Among these variations, without limitation,
are the selection of constituent modules for the inventive
compositions, and the diseases and other clinical conditions
that may be diagnosed, prognosed or treated therewith.
Various embodiments of the invention can specifically
include or exclude any of these variations or elements.

In some embodiments, the numbers expressing quantities
of ingredients, properties such as concentration, reaction
conditions, and so forth, used to describe and claim certain
embodiments of the invention are to be understood as being
modified in some instances by the term “about.” Accord-
ingly, in some embodiments, the numerical parameters set
forth in the written description and attached claims are
approximations that can vary depending upon the desired
properties sought to be obtained by a particular embodiment.
In some embodiments, the numerical parameters should be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwith-
standing that the numerical ranges and parameters setting
forth the broad scope of some embodiments of the invention
are approximations, the numerical values set forth in the
specific examples are reported as precisely as practicable.
The numerical values presented in some embodiments of the
invention may contain certain errors necessarily resulting
from the standard deviation found in their respective testing
measurements.

In some embodiments, the terms “a,” “an,” and “‘the” and
similar references used in the context of describing a par-
ticular embodiment of the invention (especially in the con-
text of certain of the following claims) can be construed to
cover both the singular and the plural. The recitation of
ranges of values herein is merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated into the speci-
fication as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g. “such as”) provided with respect
to certain embodiments herein is intended merely to better
illuminate the invention and does not pose a limitation on the
scope of the invention otherwise claimed. No language in
the specification should be construed as indicating any
non-claimed element essential to the practice of the inven-
tion.

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limi-
tations. Each group member can be referred to and claimed
individually or in any combination with other members of
the group or other elements found herein. One or more
members of a group can be included in, or deleted from, a
group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is
herein deemed to contain the group as modified thus fulfill-
ing the written description of all Markush groups used in the
appended claims.
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Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations on those preferred
embodiments will become apparent to those of ordinary skill
in the art upon reading the foregoing description. It is
contemplated that skilled artisans can employ such varia-
tions as appropriate, and the invention can be practiced
otherwise than specifically described herein. Accordingly,
many embodiments of this invention include all modifica-
tions and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

Furthermore, numerous references have been made to
patents and printed publications throughout this specifica-
tion. Each of the above cited references and printed publi-
cations are herein individually incorporated by reference in
their entirety.

In closing, it is to be understood that the embodiments of
the invention disclosed herein are illustrative of the prin-
ciples of the present invention. Other modifications that can
be employed can be within the scope of the invention. Thus,
by way of example, but not of limitation, alternative con-
figurations of the present invention can be utilized in accor-
dance with the teachings herein. Accordingly, embodiments
of the present invention are not limited to that precisely as
shown and described.

What is claimed is:
1. A method of diagnosing and treating glaucoma asso-
ciated with T279A aquaporin-9 (AQP9) mutation in a
patient in need thereof, the method comprising:
determining the presence of rs1867380 ACA—GCA
single nucleotide polymorphism (SNP) in the AQP9
gene, which changes the amino acid from threonine to
alanine at position 279 (T279A) of aquaporin-9;

diagnosing, upon determination of the T279A mutation,
glaucoma in the patient; and

treating the diagnosed glaucoma by administering an

inhibitor of the ATP-sensitive potassium (KATP) chan-
nel to the patient.

2. The method of claim 1, wherein the glaucoma is normal
tension open angle glaucoma.

3. The method of claim 1, wherein the glaucoma is high
tension open angle glaucoma.

4. The method of claim 1, wherein the glaucoma is
exfoliative glaucoma.

5. The method of claim 1, wherein the inhibitor of the
KATP channel is in an ophthalmically acceptable formula-
tion.

6. The method of claim 1, wherein the inhibitor of the
KATP channel is a sulfonylurea.

7. The method of claim 6, wherein the sulfonylurea is
tolbutamide.

8. The method of claim 1, wherein the inhibitor of the
KATP channel is a glinide compound.

9. The method of claim 1, wherein the inhibitor of the
KATP channel is memantine.

10. The method of claim 1, wherein the inhibitor of the
KATP channel is chlorpromazine.

11. The method of claim 1, wherein the inhibitor of the
KATP channel is administered topically to the eye.

12. The method of claim 1, wherein the inhibitor of the
KATP channel is administered as a slow-release ocular
insert.
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13. The method of claim 6, wherein the inhibitor of the
KATP channel is administered by injection into the eye.
14. A method of increasing aqueous humor production in
a patient in need thereof, comprising:
identifying a patient having a nonsense mutation
rs1867380 in the AQP9 gene, which replaces the amino
acid threonine with alanine at position 279 (T279A) of
aquaporin-9;
administering to the patient upon, identification of the
T279A mutation, a composition comprising tolbuta-
mide or a physiologically equivalent salt or solvate
thereof and a pharmaceutically acceptable carrier,
wherein the administration of tolbutamide increases the
aqueous humor production.
15. The method of claim 14, wherein tolbutamide is
administered topically to the eye.
16. The method of claim 14, wherein tolbutamide is
administered as a slow-release ocular insert.
17. The method of claim 14, wherein tolbutamide is
administered by injection into the eye.
18. A method of increasing intracellular and/or decreasing
extracellular potassium in the trabecular meshwork cells of
glaucoma patients, comprising:
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identifying a patient having a nonsense mutation
rs1867380 in the AQP9 gene, which replaces the amino
acid threonine with alanine at position 279 (T279A) of
aquaporin-9;
administering to the patient upon, identification of the
mutation, a composition comprising a sulfonylurea at a
concentration of 0.1-0.9% (w/v) or a physiologically
equivalent salt or solvate thereof and a pharmaceuti-
cally acceptable carrier, wherein administration of the
sulfonylurea increases intracellular and/or decreases
extracellular potassium in the trabecular meshwork
cells and retinal cells of glaucoma patients.
19. The method of claim 18, wherein the sulfonylurea is
tolbutamide.
20. The method of claim 18, wherein the sulfonylurea is
administered topically to the eye.
21. The method of claim 18, wherein the sulfonylurea is
administered as a slow-release ocular insert.
22. The method of claim 18, wherein the sulfonylurea is
administered by injection into the eye.

#* #* #* #* #*



