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(57) Abstract: The present disclosure provides methods and compositions for the treatment of hepatic symptoms of glycogen storage
diseases through the administration of thyroid hormone receptor agonists. The methods and compositions provided herein are useful in
the treatment of hyperlipidemia, hypercholesterolemia, hepatic steatosis, cardiomegaly, hepatomegaly, hepatic tibrosis, and cirrhosis
associated with glycogen storage diseases (GSD) and defects of glycogen metabolism. Said compounds may also be usetul in the
prevention of GSD-related hepatocellular adenoma and hepatocellular carcinoma.
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METHOD OF TREATING GLYCOGEN STORAGE DISEASE

FIELD OF THE INVENTION
[0001] The present disclosure relates to the field of treatments for glycogen
storage diseases and their symptoms. The treatments of the present disclosure may include

thyroid hormone receptor agonists and/or modulators of thyroid hormone signaling.

Description of the Related Art

[0002] Glycogen storage diseases (GSD) comprise a group of disorders marked
by dysfunction in the metabolism of glycogen, generally due to the loss of a necessary
enzyme activity. Causes of glycogen storage disease include defects in glucose-6-
phosphatase, debranching enzyme, glycogen synthase, glucose-6-phosphatase translocase,
phosphatase translocase, alpha-1-4-glucosidase, amylo-1-6-glucosidase, amylo-1,4-to-1,6-
transglucosidase, glycogen phosphorylase, phosphofructokinase, cyclic-3’,5> AMP-
dependent kinase, glucose transporter 2, and aldolase A, among others. Broadly, these
defects occur in the synthesis, transport, or utilization of glycogen. Several of these defects
lead to a buildup of glycogen in the liver, heart, and/or skeletal muscle as well as a
concomitant defect in energy storage and energy metabolism throughout the body.
Symptoms of glycogen storage diseases include elevated or reduced blood sugar, insulin
insensitivity, myopathies, as well as hepatic symptoms such as steatosis, hyperlipidemia,
hypercholesterolemia, cardiomegaly, hepatomegaly, fibrosis, cirrhosis, hepatocellular
adenoma, and hepatocellular carcinoma. The symptoms and sequelae of glycogen storage
diseases range in severity, from manageable metabolic dysfunction or exercise intolerance, to
premature death, and presently available treatments cover a similar range, from dietary
interventions to symptomatic treatment such as administration of statins and/or fibrates to
manage cholesterol and lipid accumulation, and in some instances, liver, kidney, and/or bone
marrow transplantation. There is need for improved therapies for the treatment of these
disorders.

[0003] In particular, GSD Ia is characterized by an inability to metabolize glucose
precursors, resulting in hypoglycaemia and increased lipogenesis. The disease is caused by

mutations in the gene for glucose-6-phosphatase (G6PC), a critical enzyme involved in the
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production of glucose from either glycogen or gluconeogenesis. Impaired G6PC function
leads to dramatically elevated liver triglyceride levels in human patients and in animal
models of the disease. In patients, this may contribute to serious long-term complications,
such as severe hepatomegaly, hepatic adenomas, and hepatocellular carcinoma.
Manifestations of the disease begin to appear shortly after birth and continue through
adolescence into adulthood. There is currently no approved therapy for GSD Ia, and

accordingly there is a need for new treatments for this condition in particular.

SUMMARY OF THE DISCLOSURE
[0004] The present disclosure relates to a method of treating a glycogen storage
disease or symptom thereof, comprising administering to a subject in need thereof at least

one compound of Formula I:

;S RE
-
4
rE—g N o X
\ e
f/

or a pharmaceutically acceptable salt thereof, wherein:

G 1s selected from the group consisting of —O—, —S—, —S(=0)—, —S(=0),—,
—Se—, —CHy—, —CF,—, —CHF—, —C(0)—, —CH(OH)—, —CH(C;-C4 alkyl)-, —
CH(C;-C; alkoxy)-, —C(=CH;)—,—NH—, and —N(C;-C; alkyl)-;

T is selected from the group consisting of —(CR%—, —CR°*=CR’—(CR",),—, —

(CR%)y—CR’=CR’—, —(CR%)—CR’=CR"—(CR%)—, —O(CR%)(CR%)y—  —
S(CR®)(CRY)n—, NER)(CR*)(CRY)s—, NR)C(O)(CRY),, —C(O)NCR)w—, —
(CR%)nC(0)—, —(CR%)C(O)(CRY),, —(CR%),C(O)(CR%)—, and —
C(O)NH(CR,)(CR*),—;

k is an integer from 1-4;
m is an integer from 0-3;
n is an integer from 0-2;

p is an integer from 0-1;
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each R" is independently selected from the group consisting of hydrogen, optionally
substituted —C;-C4 alkyl, halogen, —OH, optionally substituted —O—C;-C4 alkyl, —OCFs3,
optionally substituted —S—C,-Cy4 alkyl, —NRPR®, optionally substituted —C,-Cy4 alkenyl,
and optionally substituted —C,-Cy4 alkynyl; with the proviso that when one R? is attached to
C through an O, S, or N atom, then the other R attached to the same C is a hydrogen, or
attached via a carbon atom;

each R’ is independently selected from the group consisting of hydrogen and
optionally substituted —C;-C4 alkyl;

each R° is independently selected from the group consisting of hydrogen and
optionally substituted —C;-C4 alkyl, optionally substituted —C(O)—C,-C4 alkyl, and —
C(O)H;

R', and R? are each independently selected from the group consisting of halogen,
optionally substituted —C;-C4 alkyl, optionally substituted —S—C;-C; alkyl, optionally
substituted —C,-C4 alkenyl, optionally substituted —C,-C4 alkynyl, —CF;, —OCFs3,
optionally substituted—O—C;-C; alkyl, and cyano;

R®, R”, R®, and R’ are each independently selected from the group consisting of are
each independently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C;-C4 alkyl, optionally substituted —S—C,-C5 alkyl, optionally substituted
—C,-C4 alkenyl, optionally substituted —C,-C; alkynyl, —CF;, —OCF;, optionally
substituted—O—C;-C5 alkyl, and cyano; or R® and T are taken together along with the
carbons they are attached to form a ring of 5 to 6 atoms including O to 2 heteroatoms
independently selected from —NR.— —O—, and —S—, with the proviso that when there
are 2 heteroatoms in the ring and both heteroatoms are different than nitrogen then both
heteroatoms have to be separated by at least one carbon atom; and X is attached to this ring
by a direct bond to a ring carbon, or by —(CR";)— or —C(O)— bonded to a ring carbon or a
ring nitrogen;

R' is selected from the group consisting of hydrogen, —C(0)C;-C4 alkyl, —C;-C,
alkyl, and —C;-Cs—aryl;

R* and R* are independently selected from the group consisting of hydrogen, halogen,
—CF;, —OCFs3, cyano, optionally substituted —C;-C; alkyl, optionally substituted —C,-
C1, alkenyl, optionally substituted —C,-C 1, alkynyl, —SR?%, —S(=0)R®, —S(=0),R®, —
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S(=0),NRR¢, —C(0)OR", —C(O)R®, —N(R")C(O)NR'RE, —N(R")S(=0),R®, —
N(R")S(=0),NR'R¢, and —NR'RE,

each RY is selected from the group consisting of optionally substituted —C;-C, alkyl,
optionally substituted —C,-C, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR",), aryl, optionally substituted —(CR"), cycloalkyl, optionally substituted
—(CR"), heterocycloalkyl, and —C(O)NR'RE,

each R® is selected from the group consisting of optionally substituted —C;-C15 alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR%), aryl, optionally substituted —(CR%), cycloalkyl, and optionally
substituted —(CR"), heterocycloalkyl;

R" and R® are each independently selected from the group consisting of hydrogen,
optionally substituted —C;-C, alkyl, optionally substituted —C,—C;, alkenyl, optionally
substituted —C,-C1, alkynyl, optionally substituted —(CR®,), aryl, optionally substituted —
(CR®,), cycloalkyl, and optionally substituted —(CR®), heterocycloalkyl, or R' and R® may
together form an optionally substituted heterocyclic ring, which may contain a second
heterogroup selected from the group consisting of O, NR, and S, wherein said optionally
substituted heterocyclic ring may be substituted with 0-4 substituents selected from the group
consisting of optionally substituted —C;-C4 alkyl, —OR®, oxo, cyano, —CFs, optionally
substituted phenyl, and —C(O)OR";

each R" is selected from the group consisting of optionally substituted —C;-C1, alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR), aryl, optionally substituted —(CR"), cycloalkyl, and optionally
substituted —(CR",), heterocycloalkyl;

R’ is selected from the group consisting of —OH, optionally substituted —OC;-C
alkyl, OC(O)R®, —OC(O)OR", —F, —NHC(O)R®, —NHS(=0)R®, —NHS(=0),R°, —
NHC(=S)NH(R"), and —NHC(O)NH(R");

X is P(O)YR"'Y'R";

Y and Y’ are each independently selected from the group consisting of —O—, and —
NR'—; when Y and Y’ are —O—, R"! attached to —O— is independently selected from the
group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
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contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),0OC(O)NR”
2, —NR*—C(0)—R’, —C(R*),—OC(0)R*, —C(R*),—O0—C(0)OR*, —C(R"),OC(O)SR’, -
alkyl-S—C(O)R’, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy;

when Y and Y' are —NR'—, then R'! attached to —NR'— is independently selected
from the group consisting of —H, —[C(R"),];—COOR’, —C(R*),COOR", —[C(R")]—
C(O)SR?, and -cycloalkylene-COORY;

when Y is —O— and Y’ is NRY, then R"! attached to —O— is independently selected
from the group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),OC(O)NR*,,
—NR*—C(0)—R’, —C(R"),—O0C(O)R’, —C(R*),—0—C(0O)OR’, —C(R*),0C(O)SR’, -
alkyl-S—C(O)R®, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy; and R
attached to —NR"— is independently selected from the group consisting of H, —[C(R*)2]q—
COOR’, —C(R"),COOR’, —[C(R"),]—C(0O)SR’, and -cycloalkylene-COOR’,

or when Y and Y’ are independently selected from —O— and NR", then together R"!
and R are -alkyl-S—S-alkyl- to form a cyclic group, or together R'! and R are the group:

wherein:

V, W, and W' are independently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted aralkyl, heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, optionally substituted 1-alkenyl, and optionally
substituted 1-alkynyl;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group

containing 5-7 atoms, wherein 0-1 atoms are heteroatoms and the remaining atoms are
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carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyloxy, alkoxycarbonyloxy, or
aryloxycarbonyloxy attached to a carbon atom that is three atoms from both Y groups
attached to the phosphorus;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, that is fused to an
aryl group at the beta and gamma position to the Y attached to the phosphorus;

or together V and W are connected via an additional 3 carbon atoms to form an
optionally substituted cyclic group containing 6 carbon atoms and substituted with one
substituent selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that is
three atoms from a Y attached to the phosphorus;

or together Z and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, and V must be aryl,
substituted aryl, heteroaryl, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic
group, wherein 0-2 atoms are heteroatoms and the remaining atoms are carbon, and V must
be aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

Z is selected from the group consisting of —CHR”OH, —CHR*OC(O)R',—
CHR*OC(S)R’, —CHR*OC(S)OR’, —CHR*OC(O)SR’, —CHR*OCO,R’, —OR”, —SR*, —
CHRN;, —CH,-aryl, —CH(aryl)OH, —CH(CH=CR*)OH, —CH(C=CR")OH, —R”*, —
NR*, —OCORY, —OCO;R’, —SCOR', —SCO,R"Y, —NHCOR*, —NHCO,R’, —CH,NH-
aryl, —(CH,)q—OR?", and —(CH;)q—SR?,

q is an integer 2 or 3;

each R” is selected from the group consisting of R' and —H;

each R’ is selected from the group consisting of alkyl, aryl, heterocycloalkyl, and
aralkyl;

each R is independently selected from the group consisting of —H, and alkyl, or
together R* and R* form a cyclic alkyl group; and

each R' is selected from the group consisting of —H, lower alkyl, acyloxyalkyl,

alkoxycarbonyloxyalkyl, and lower acyl.
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In some embodiments, the compound to be administered comprises one or more of

the compounds having a structures selected from the group consisting of’

O
GNP
e

(Compound 1),

o/ (Compound 2),

CHj

o
B SER
HO HaC O/\ﬁ—O'

©  (Compound 3), and

CHg CHy
Hal™ :
HOY" HaC cal

{
‘ (Compound 4); or pharmaceutically acceptable salts

thereof.

[0005] In some embodiments, the glycogen storage disease comprises one or
more of Glycogen storage disease types 1, 2,3, 4,5, 6,7, 8,9, 10, 11, or 12, including those
diseases known as aglycogenosis, von Gierke disease, Pompe disease, Cori disease, Forbes
disease, limit dextrinosis, debranching enzyme disease, Andersen disease, glycogen
phosphorylase deficiency, brancher deficiency, amylopectinosis, glycogen branching enzyme
deficiency, McArdle disease, Hers disease, Tarui disease, autosomal liver and muscle
phosphorylase kinase deficiency, autosomal liver phosphorylase kinase deficiency, X-linked

liver phosphorylase kinase deficiency, GSD X, Fanconi-Bickel syndrome, or aldolase A

-
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deficiency. In some embodiments, the glycogen storage disease may comprise any disorder
marked by inability to store or metabolize glycogen in the tissues of the body, or by the
abnormal accumulation of glycogen, lipids, fatty acids, or triglycerides within the tissues of
the body. In some embodiments, administration of the compounds according to the present
disclosure provides an amelioration of a glycogen storage defect. In some embodiments,
administration of the compounds according to the present disclosure provides an
amelioration of a symptom of a glycogen storage disease, such as elevated serum or tissue
lipids.

[0006] In some embodiments, administration of the compounds of the present
disclosure leads to a reduction in serum lipid, serum triglyceride, serum fatty acid, or serum
cholesterol levels in a patient having a glycogen storage defect or suffering from a glycogen
storage disease. In some further embodiments, administration of the compounds as described
herein leads to the amelioration of hepatic steatosis, hypercholesterolemia, or hepatic
inflammation associated with a glycogen storage disease. In some embodiments,
administration of the compounds as described herein leads to the amelioration of
cardiomegaly, hepatomegaly, liver steatosis, hyperlipidemia, hypercholesterolemia, increased
ALT, increased AST, increased serum triglycerides, liver fibrosis, cirrhosis, hepatocellular
adenoma, or hepatocellular carcinoma associated with a glycogen storage disease.

[0007] In some embodiments, the methods according to the present disclosure
comprise administration of a second therapeutic agent. In some further embodiments, said
second therapeutic agent may comprise one or more of a starch, a sugar, an amino acid, a
peptide, an enzyme, a gene therapy, or any combination thereof. In some further
embodiments, said second therapeutic agent may comprise one or more of corn starch, potato
starch, wheat starch, vegetable starch, or cassava, or any combination thereof. In some
further embodiments, said second therapeutic agent may comprise one or more of glucose,
galactose, fructose, sucrose, maltose, lactose, arabinose, or other sugars, or any combination
thereof. In some further embodiments, said second therapeutic agent may also comprise one
or more of alglucosidase alfa, a glucose-6-phosphatase, a debranching enzyme, a glycogen
synthase, a glucose-6-phosphatase translocase, a phosphatase translocase, an alpha-1-4-
glucosidase, an amylo-1-6-glucosidase, an amylo-1,4-to-1,6-transglucosidase, a glycogen

phosphorylase, a phosphofructokinase, a cyclic-3’,5 AMP-dependent kinase, a type 2
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glucose transporter, an aldolase A, or any combination thereof. In some further
embodiments, said second therapeutic agent may comprise one or more of an insulin, an
insulin-like peptide, a glucagon, a glucagon-like peptide, or any combination thereof. In
some further embodiments, said compound may be administered in association with a liver,
kidney, or bone marrow transplant. In some embodiments, the compounds of the present
disclosure may be coadministered with or administered in association with any one of the

aforementioned treatments or second therapeutic agents, or any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 shows the effect of once-daily oral administration of Compound
2 on total plasma cholesterol (TPC) levels in beagle dogs (n=4 per group) over 14 days.

[0009] Figure 2 shows the effect of once-daily oral administration of Compound
2 for 14 days followed by alternate day administration of Compound 2 for 14 days on total
plasma cholesterol (TPC) levels in beagle dogs ( n=4 per group).

[0010] Figure 3 shows the effects of Compound 2 and T3 on liver triglyceride
content following 9 weeks of treatment. At the end of 9 weeks of treatment, the animals were
sacrificed and liver triglyceride content analyzed. The liver triglyceride content of the
animals from the 10 and 30 mg/kg/day Compound 2-treated group was significantly (p<0.05)
lower than the vehicle-treated group (*).

[0011] Figure 4 shows the effects of Compound 2 and T3 on blood glucose in
male ob/ob mice. Blood glucose was measured weekly from a tail nick using a OneTouch
glucose meter.

[0012] Figure 5 shows the effects of Compound 2 and T3 on liver glycogen
content following 9 weeks of treatment. At the end of 9 weeks of treatment, the animals were
sacrificed and liver glycogen content measured. The liver glycogen content of the animals
from the 10 mg/kg/day Compound 2-treated group was significantly (p<0.05) higher than the
vehicle- treated group (*).

[0013] Figure 6 shows the effects of Compound 2 and T3 on liver weight
following 9 weeks of treatment. At the end of 9 weeks of treatment, the animals were
sacrificed and liver weight measured. The liver weight of the animals from all treatment

groups was significantly (p<<0.05) lower than vehicle-treated group (*).
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[0014] Figure 7 shows the temporal profile of the effects of vehicle, Compound 2
(2.5 mg/kg/day) and MB07875 (0.2 mg/kg/day) on total plasma cholesterol levels throughout
the 28-day treatment period. Horizontal lines represent the vehicle-treated group with the
solid line representing the mean and the upper and lower dotted lines representing the upper
and lower limits of the SEM. Significant differences versus the vehicle-treated group are
shown (*).

[0015] Figure 8 shows Liver (A) and Muscle (B) glycogen content in male
Zucker Diabetic fatty (ZDF) rats following 28 days of treatment with either Compound 2 (e)
or MB07875 (o) at the indicated dose. Horizontal lines represent the vehicle-treated group
with the solid line representing the mean and the upper and lower dotted lines representing
the upper and lower limits of the SEM. Significant differences versus the vehicle-treated
group are shown (*).

[0016] Figure 9 shows representative hematoxylin and eosin stained liver sections
from male ZDF rats following 28 days of treatment with either Compound 2 (at the indicated
dose in mg/kg/day) or 0.2 mg/kg/day MBO7875.

[0017] Figure 10 shows the effects of Compound 2 on total plasma cholesterol
level in male Diet-Induced Obesity (DIO) mice. A two-way ANOVA with repeated measures
on the time factor demonstrated that the effect of treatment (p<<0.0001) and the interaction
between treatment and time (p=0.0004) were significant. Post-hoc analyses of total plasma
cholesterol revealed significant differences in cholesterol between each of the Compound 2-
treated groups compared with the vehicle treated group at all time points measured (*).

[0018] Figure 11 shows the effects of Compound 2 on blood glucose levels in
male DIO mice. A two-way ANOVA with repeated measures on the time factor
demonstrated that the effect of treatment was significant (p<0.0001) but the interaction
between treatment and time was not significant (p=0.0735). Post-hoc analyses of blood
glucose levels revealed significant differences between the Compound 2-treated groups and
vehicle-treated groups at the indicated time points (*).

[0019] Figure 12 shows the effects of Compound 2 on liver weight (A) and liver-
to-body weight ratio (B) in male DIO mice. A two-way ANOVA demonstrated that the effect
of treatment for each parameter was significant (p<0.0001 and p<0.0001, respectively). Post

hoc analyses of the two parameters revealed significant differences between each of the
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Compound 2- treated groups compared with the vehicle-treated group at the indicated time
points (*).

[0020] Figure 13 shows the effects of Compound 2 on total liver triglyceride
mass in male DIO mice. Analyses using a two-way ANOVA demonstrated that the effect of
treatment for total liver triglycerides were significant (p<<0001). Post hoc analyses of the total
liver triglycerides revealed significant differences between each of the Compound 2-treated
groups compared with the vehicle-treated group at the indicated time points for total
triglyceride content (*).

[0021] Figure 14 shows photomicrographs of hematoxylin- and eosin-stained
liver sections of vehicle-treated and 30 mg/kg/day Compound 2-treated DIO mice.
Representative microphotographs from 4 animals in each of these two groups are shown
below.

[0022] Figure 15 shows the difference in body mass between Compound 2-treated
and Vehicle-treated mice in a G6PC -/- knockout mouse model (“affected”) vs wild type
mice (“wt”).

[0023] Figure 16 shows the difference in liver mass between Compound 2-treated
and Vehicle-treated mice in a G6PC -/- knockout mouse model (“affected”) vs wild type
mice (“wt”).

[0024] Figure 17 shows the difference in liver mass as a percentage of body mass
between Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse model
(“affected”) vs wild type mice (“wt”).

[0025] Figure 18 shows the difference in liver glycogen concentration between
Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse model
(“affected”) vs wild type mice (“wt”).

[0026] Figure 19 shows the difference in serum triglyceride concentration
between Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse model
(“affected”) vs wild type mice (“wt”).

[0027] Figure 20 shows the difference in liver triglyceride concentration between
Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse model

(“affected”) vs wild type mice (“wt”).
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[0028] Figure 21 shows the difference in total liver triglycerides between
Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse model
(“affected”) vs wild type mice (“wt”).

[0029] Figure 22 shows that there was no significant difference between the body
masses of Compound 2-treated and Vehicle-treated mice in a G6PC -/- knockout mouse
model (G6PC -/- ) vs wild type mice (“wt”). However, all G6pc -/- mice had significantly
stunted growth compared to WT mice.

[0030] Figure 23 shows that kidney mass is not affected by Compound 2
treatment. (A) There is no significant change in absolute kidney mass across all four
treatment groups shown. (B) Compound 2 treatment of G6pc -/- mice increases kidney mass
as a percentage of total body mass compared to WT kidneys, however, the difference
between the kidney masses in G6pc -/- mice treated with Compound 2 vs vehicle is not
significant. Mean +/- s.d. shown. *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001 from
ANOVA.

[0031] Figure 24 shows that Compound 2 treatment significantly decreases total
liver triglycerides. Total liver triglycerides were elevated in vehicle treated G6pc -/~ mice
compared to WT controls. This increase was attenuated in G6pc -/- mice upon Compound 2
treatment, which significantly reduced the total liver triglycerides to within levels sen in
vehicle-treated WT control levels. Mean +/- s.d. shown. *=p<0.05, **=p<0.01, ***=p<0.001,
*H%k*=p<0.0001 from ANOVA.

[0032] Figure 25 shows that Compound 2 lowers liver mass in G6pc -/- mice.
(A) G6pc -/- mice treated with Compound 2 had significantly smaller livers than vehicle
controls. (B) G6pc -/- mice treated with Compound 2 had significantly smaller livers as a
proportion of body mass than vehicle controls. Mean +/- s.d. shown. *=p<0.05, **=p<0.01,
*#*=p<0.001, ****=p<0.0001 from ANOVA.

[0033] Figure 26 shows that glycogen concentration in the livers of Gépc -/~
mice did not change with Compound 2 treatment. Both G6pc -/~ groups had significantly
higher liver glycogen concentration than WT controls. Mean +/- s.d. shown. *=p<0.05,
#k=p<().0], ¥**=p<0.001, ****=p<0.0001 from ANOVA.

[0034] Figure 27 shows the effect of Compound 2 on Blood Glucose

concentration. All blood glucose measurements for G6pc -/- mice, aside from one vehicle
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treated mouse, were below the lower detection limit (20 mg/dL) of the glucometer
instrument, therefore statistics were not able to be performed on this data set. Mean +/- s.d.
shown. *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001 from ANOVA.

[0035] Figure 28 shows the effect of Compound 2 on Serum triglyceride
concentration. Serum triglyceride concentration was not significantly different between
Compound 2 and vehicle treated GG6pc -/- groups; however, there was a significant difference
between G6pc -/- and WT groups treated with Compound 2. Mean +/- s.d. shown.
*=p<(0.05, ¥*=p<0.01, ***=p<0.001, ****=p<0.0001 from ANOVA.

DETAILED DESCRIPTION
[0036] The present disclosure provides compounds and methods for treating
glycogen storage diseases by administering thyroid hormone receptor-p (TR) agonists. In
some embodiments, such diseases further comprise the symptoms of hepatic steatosis,
hyperlipidemia, dyslipidemia, hypertriglyceridemia, fibrosis, cirrhosis, hepatocellular
adenoma, hepatocellular carcinoma, and other hepatic and non-hepatic symptoms which may

be affected by interventions within the TR} pathway.

Definitions

[0037] The term “mammal” is used in its usual biological sense. Thus, it
specifically includes humans and non-human mammals such as dogs, cats, horses, donkeys,
mules, cows, domestic buffaloes, camels, llamas, alpacas, bison, yaks, goats, sheep, pigs, elk,
deer, domestic antelopes, and non-human primates as well as many other species.

[0038] “Subject” as used herein, means a human or a non-human mammal
including but not limited to a dog, cat, horse, donkey, mule, cow, domestic buffalo, camel,
llama, alpaca, bison, yak, goat, sheep, pig, elk, deer, domestic antelope, or a non-human
primate selected for treatment or therapy.

[0039] “Subject suspected of having” means a subject exhibiting one or more
clinical indicators of a disease or condition. In certain embodiments, the disease or condition
is a glycogen storage disease. In certain embodiments, the disease or condition is
hyperlipidemia. In certain embodiments, the disease or condition is hypercholesterolemia.
In certain embodiments, the disease or condition i1s diabetes. In certain embodiments, the

disease or condition is non-alcoholic fatty liver disease. In certain embodiments, the disease
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or condition is non-alcoholic steatohepatitis. In certain embodiments, the disease or
condition is atherosclerosis. In certain embodiments, the disease or condition is
cardiovascular disease.

[0040] “Glycogen storage disease” means any one or more of a group of disorders
marked by dysfunction in the synthesis, transport, or utilization of glycogen, generally due to
the loss of a necessary enzyme activity. Glycogen storage diseases are generally classified by
type according to their symptoms and etiologies. Known types include GSD type O
(aglycogenesis, glycogen synthase deficiency); GSD type 1 (von Gierke disease, glucose-6-
phosphatase translocase/transporter deficiency); GSD type 2 (Pompe disease, alpha-1-4-
glucosidase deficiency), GSD type 3 (Cori disease, Forbes disease, limit dextrinosis,
debranching enzyme disease; amylo-1-6-glucosidase deficiency due to loss of glucosidase,
and/or transferase activity); GSD type 4 (Andersen disease, glycogen phosphorylase
deficiency, brancher deficiency, amylopectinosis, glycogen branching enzyme deficiency;
amylo-1,4 to 1,6 transglucosidase deficiency), GSD type 5 (McArdle disease; glycogen
phosphorylase (muscle type) deficiency); GSD type 6 (Hers disease; glycogen phosphorylase
E (liver type) deficiency), GSD type 7 (Tarui disease; phosphofructokinase deficiency); GSD
type 8, 9 (GSD with phosphorylase activation system defects; phosphorylase kinase (liver or
muscle isoforms) deficiency); GSD type 10 (cyclic AMP-dependent kinase deficiency); GSD
type 11 (Fanconi-Bickel syndrome; glucose transporter type 2 (GLUT2) deficiency); and
GSD type 12 (aldolase A deficiency). Subtypes of glycogen storage diseases are also known,
in particular GSD 1a, which results from mutations in the gene for glucose-6-phosphatase
(G6PC) and leads to, among other symptoms, the excess accumulation of glycogen and lipids
in liver tissue, hepatomegaly, hepatic adenomas, and hepatocellular carcinoma.

[0041] Symptoms of glycogen storage diseases may include elevated or reduced
blood sugar, insulin insensitivity, myopathies, as well as hepatic symptoms such as steatosis,
hyperlipidemia, hypercholesterolemia, cardiomegaly, hepatomegaly, fibrosis, cirrhosis,
hepatocellular adenoma, and hepatocellular carcinoma. Symptoms may also include insulin
insensitivity, elevated or reduced blood glucose, and renal dysfunction.

[0042] “Subject in need thereof” means a subject identified as in need of a

therapy or treatment.
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[0043] A therapeutic effect relieves, to some extent, one or more of the symptoms
of a disease or disorder, and includes curing the disease or disorder. “Curing” means that the
symptoms of active disease are eliminated. However, certain long-term or permanent effects
of the disease may exist even after a cure is obtained (such as extensive tissue damage).

[0044] “Treat,” “treatment,” or “treating,” as used herein refers to administering a
pharmaceutical composition for prophylactic and/or therapeutic purposes. The term
“prophylactic treatment” refers to treating a patient who does not yet have the relevant
disease or disorder, but who is susceptible to, or otherwise at risk of, a particular disease or
disorder, whereby the treatment reduces the likelihood that the patient will develop the
disease or disorder. The term “therapeutic treatment” refers to administering treatment to a
patient already having a disease or disorder.

[0045] “Preventing” or “prevention” refers to delaying or forestalling the onset,
development or progression of a condition or disease for a period of time, including weeks,
months, or years.

[0046] “Amelioration” means a lessening of severity of at least one indicator of a
condition or disease. In certain embodiments, amelioration includes a delay or slowing in the
progression of one or more indicators of a condition or disease. The severity of indicators
may be determined by subjective or objective measures which are known to those skilled in
the art.

[0047] “Modulation” means a perturbation of function or activity. In certain
embodiments, modulation means an increase in gene expression. In certain embodiments,
modulation means a decrease in gene expression. In certain embodiments, modulation means
an increase or decrease in total serum levels of a specific protein. In certain embodiments,
modulation means an increase or decrease in free serum levels of a specific protein. In
certain embodiments, modulation means an increase or decrease in total serum levels of a
specific non-protein factor. In certain embodiments, modulation means an increase or
decrease in free serum levels of a specific non-protein factor. In certain embodiments,
modulation means an increase or decrease in total bioavailability of a specific protein. In
certain embodiments, modulation means an increase or decrease in total bioavailability of a

specific non-protein factor.
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[0048] “Administering” means providing a pharmaceutical agent or composition
to a subject, and includes, but is not limited to, administering by a medical professional and
self-administering.

[0049] Administration of the compounds disclosed herein or the pharmaceutically
acceptable salts thereof can be via any of the accepted modes of administration for agents
that serve similar utilities including, but not limited to, orally, subcutaneously, intravenously,
intranasally, topically, transdermally, intraperitoneally, intramuscularly, intrapulmonarilly,
vaginally, rectally, or intraocularly. Oral and parenteral administrations are customary in
treating the indications that are the subject of the preferred embodiments.

[0050] “Parenteral administration,” means administration through injection or
infusion.  Parenteral administration includes, but 1s not limited to, subcutaneous
administration, intravenous administration, intramuscular administration, intraarterial

administration, and intracranial administration.

[0051] “Subcutaneous administration” means administration just below the skin.
[0052] “Intravenous administration” means administration into a vein.

[0053] “Intraarterial administration” means administration into an artery.

[0054] The term “agent” includes any substance, molecule, element, compound,

entity, or a combination thereof. It includes, but is not limited to, e.g., protein, polypeptide,
peptide or mimetic, small organic molecule, polysaccharide, polynucleotide, and the like. It
can be a natural product, a synthetic compound, or a chemical compound, or a combination
of two or more substances.

[0055] “Pharmaceutical agent” means a substance that provides a therapeutic
effect when administered to a subject.

[0056] “Pharmaceutical composition” means a mixture of substances suitable for
administering to an individual that includes a pharmaceutical agent. For example, a
pharmaceutical composition may comprise a modified oligonucleotide and a sterile aqueous
solution.

[0057] “Active pharmaceutical ingredient” means the substance in a
pharmaceutical composition that provides a desired effect.

[0058] The term “pharmaceutically acceptable salt” refers to salts that retain the

biological effectiveness and properties of the compounds with which they are associated and,
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which are not biologically or otherwise undesirable. In many cases, the compounds herein
are capable of forming acid and/or base salts by virtue of the presence of phenol and/or
phosphonate groups or groups similar thereto. One of ordinary skill in the art will be aware
that the protonation state of any or all of these compounds may vary with pH and ionic
character of the surrounding solution, and thus the present disclosure contemplates multiple
charge states of each compound. Pharmaceutically acceptable acid addition salts can be
formed with inorganic acids and organic acids. Inorganic acids from which salts can be
derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like. Organic acids from which salts can be derived include, for
example, acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid, and the like. Pharmaceutically acceptable base addition salts can be formed
with inorganic and organic bases. Inorganic bases from which salts can be derived include,
for example, sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc,
copper, manganese, aluminum, and the like; particularly preferred are the ammonium,
potassium, sodium, calcium and magnesium salts. Organic bases from which salts can be
derived include, for example, primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines, basic ion exchange resins,
and the like, specifically such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, and ethanolamine. Many such salts are known in the art, as
described in WO 87/05297, Johnston et al., published September 11, 1987 (incorporated by
reference herein in its entirety).

[0059] “Solvate” refers to the compound formed by the interaction of a solvent
and an EPI, a metabolite, or salt thereof. Suitable solvates are pharmaceutically acceptable

solvates including hydrates.

Compounds

[0060] In some embodiments, the TRP agonists for use as described herein
include compounds according to Formula I:

Formula I:
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wherein:

G 1s selected from the group consisting of —O—, —S—, —S(=0)—, —S(=0),—,
—Se—, —CHy—, —CF,—, —CHF—, —C(0)—, —CH(OH)—, —CH(C;-C4 alkyl)-, —
CH(C,-C,4 alkoxy)-, —C(=CH,;)—,—NH—, and —N(C;-C, alkyl)-;

T is selected from the group consisting of —(CR*—, —CR’=CR*—(CR%)),—, —

(CR*)—CR’=CR*—, —(CR%)—CR’=CR"—(CR%)—,  —O(CR%)(CRY)\—, —
S(CR*)(CR")n—, NR)CR’)(CR%)—,  NR)C(O)CR), —CONCR)w—, —
(CR*)nC(0)—, —(CR%)C(O)(CR™)y, —(CR%),C(O)(CR%)—, and —
C(O)NH(CR",)(CR%),—;

k is an integer from 1-4;

m is an integer from 0-3;

n is an integer from 0-2;

p is an integer from 0-1;

each R" is independently selected from the group consisting of hydrogen, optionally
substituted —C;-C4 alkyl, halogen, —OH, optionally substituted —O—C;-C4 alkyl, —OCFs3,
optionally substituted —S—C;-Cy alkyl, —NRPR®, optionally substituted —C,-Cy4 alkenyl,
and optionally substituted —C,-C,4 alkynyl; with the proviso that when one R* is attached to
C through an O, S, or N atom, then the other R” attached to the same C is a hydrogen, or
attached via a carbon atom;

each R’ is independently selected from the group consisting of hydrogen and
optionally substituted —C;-C4 alkyl;

each R° is independently selected from the group consisting of hydrogen and
optionally substituted —C;-C4 alkyl, optionally substituted —C(O)—C;-Cy4 alkyl, and —
C(O)H;

R', and R? are each independently selected from the group consisting of halogen,

optionally substituted —C;-C4 alkyl, optionally substituted —S—C;-C5 alkyl, optionally
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substituted —C,-C4 alkenyl, optionally substituted —C,-C4 alkynyl, —CF;, —OCFs3,
optionally substituted—O—C;-C; alkyl, and cyano;

R®, R’ R®, and R’ are each independently selected from the group consisting of are
each independently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C;-C4 alkyl, optionally substituted —S—C,-C5 alkyl, optionally substituted
—C,-C4 alkenyl, optionally substituted —C,-C4 alkynyl, —CF5;, —OCFs3, optionally
substituted—O—C;-C5 alkyl, and cyano; or R® and T are taken together along with the
carbons they are attached to form a ring of 5 to 6 atoms including O to 2 heteroatoms
independently selected from —NR.— —O—, and —S—, with the proviso that when there
are 2 heteroatoms in the ring and both heteroatoms are different than nitrogen then both
heteroatoms have to be separated by at least one carbon atom; and X is attached to this ring
by a direct bond to a ring carbon, or by —(CR";)— or —C(O)— bonded to a ring carbon or a
ring nitrogen;

R' is selected from the group consisting of hydrogen, —C(0)C;-Cy alkyl, —C;-Cy
alkyl, and —C;-Cs—aryl;

R* and R* are independently selected from the group consisting of hydrogen, halogen,
—CF;, —OCFs3, cyano, optionally substituted —C;-C; alkyl, optionally substituted —C,-
C1» alkenyl, optionally substituted —C,-Cy, alkynyl, —SR?, —S(=0)R®, —S(=0),R®, —
S(=0),NRR¢, —C(0)OR", —C(O)R°, —N(R")C(O)NR'RE, —N(R")S(=0),R®, —
N(R®)S(=0),NR'R¢, and —NR'R¢,

each RY is selected from the group consisting of optionally substituted —C;-C1, alkyl,
optionally substituted —C,-C, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR",), aryl, optionally substituted —(CR"), cycloalkyl, optionally substituted
—(CR), heterocycloalkyl, and —C(O)NR'RE;

each R° is selected from the group consisting of optionally substituted —C1-C1 alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR%), aryl, optionally substituted —(CR%), cycloalkyl, and optionally
substituted —(CR%), heterocycloalkyl;

R" and R® are each independently selected from the group consisting of hydrogen,
optionally substituted —C;-C, alkyl, optionally substituted —C,—C;, alkenyl, optionally
substituted —C,-C1, alkynyl, optionally substituted —(CR®,), aryl, optionally substituted —
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(CR®,), cycloalkyl, and optionally substituted —(CR®), heterocycloalkyl, or R' and R® may
together form an optionally substituted heterocyclic ring, which may contain a second
heterogroup selected from the group consisting of O, NR®, and S, wherein said optionally
substituted heterocyclic ring may be substituted with 0-4 substituents selected from the group
consisting of optionally substituted —C,-Cy4 alkyl, —OR®, oxo, cyano, —CFs, optionally
substituted phenyl, and —C(O)OR";

each R" is selected from the group consisting of optionally substituted —C;-C1, alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR), aryl, optionally substituted —(CR"), cycloalkyl, and optionally
substituted —(CR",), heterocycloalkyl;

R’ is selected from the group consisting of —OH, optionally substituted —OC;-C
alkyl, OC(O)R®, —OC(O)OR", —F, —NHC(O)R®, —NHS(=0)R®, —NHS(=0),R°, —
NHC(=S)NH(R"), and —NHC(O)NH(R");

X is P(O)YR"'Y'R";

Y and Y’ are each independently selected from the group consisting of —O—, and —
NR'—; when Y and Y’ are —O—, R"! attached to —O— is independently selected from the
group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),OC(O)NR”
2, —NR*—C(0)—R’, —C(R"),—OC(O)R", —C(R*),—O—C(0)ORY, —C(R*),OC(0O)SR?, -
alkyl-S—C(O)R’, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy;

when Y and Y' are —NR'—, then R"" attached to —NR'— is independently selected
from the group consisting of —H, —[C(R%),],—COORY, —C(R*),COOR", —[C(R"),];—
C(O)SR’, and -cycloalkylene-COOR?;

when Y is —O— and Y’ is NR", then R" attached to —O— is independently selected
from the group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CH,-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),OC(O)NR*,,
—NR*—C(0)—R", —C(R*),—OC(0)R’, —C(R"*),—0—C(0)OR’, —C(R*),0C(O)SR’, -
alkyl-S—C(O)RY, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy; and R'!
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attached to —NR"'— is independently selected from the group consisting of H, —[C(R"*)2]q—
COOR’, —C(R"),COOR’, —[C(R"),]—C(0)SR’, and -cycloalkylene-COOR’,

or when Y and Y’ are independently selected from —O— and NR”, then together R"!
and R'! are -alkyl-S—S-alkyl- to form a cyclic group, or together R'' and R'! are the group:

v

/H

wherein:

V, W, and W' are independently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted aralkyl, heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, optionally substituted 1-alkenyl, and optionally
substituted 1-alkynyl;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group
containing 5-7 atoms, wherein 0-1 atoms are heteroatoms and the remaining atoms are
carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyloxy, alkoxycarbonyloxy, or
aryloxycarbonyloxy attached to a carbon atom that is three atoms from both Y groups
attached to the phosphorus;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, that is fused to an
aryl group at the beta and gamma position to the Y attached to the phosphorus;

or together V and W are connected via an additional 3 carbon atoms to form an
optionally substituted cyclic group containing 6 carbon atoms and substituted with one
substituent selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that is

three atoms from a Y attached to the phosphorus;
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or together Z and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, and V must be aryl,
substituted aryl, heteroaryl, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic
group, wherein 0-2 atoms are heteroatoms and the remaining atoms are carbon, and V must
be aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

Z is selected from the group consisting of —CHR’OH, —CHR*OC(O)R’,—
CHR*OC(S)R’, —CHR*OC(S)OR’, —CHR*OC(O)SR’, —CHR*OCO;R’, —OR”, —SR*, —
CHRN;, —CH,-aryl, —CH(aryl)OH, —CH(CH=CR*)OH, —CH(C=CR")OH, —R”*, —
NR%, —OCOR’, —OCO;R’, —SCOR*, —SCO,;R’, —NHCOR’, —NHCO,R’, —CH,NH-
aryl, —(CH,)q—OR", and —(CH,)q—SR*;

q is an integer 2 or 3;

each R” is selected from the group consisting of RY and —H;

each R” is selected from the group consisting of alkyl, aryl, heterocycloalkyl, and
aralkyl;

each R is independently selected from the group consisting of —H, and alkyl, or
together R* and R* form a cyclic alkyl group;

each R is selected from the group consisting of —H, lower alkyl, acyloxyalkyl,
alkoxycarbonyloxyalkyl, and lower acy],;

and pharmaceutically acceptable salts thereof.

[0061] In some embodiments, the compound of Formula I has the following
Provisos:

a) when G is —O—, T is —CH,—, R and R? are each bromo, R” is iso-propyl, R* is
hydrogen, and R’ is —OH, then X is not P(O)(OH), or P(O)(OCH,CHj),;

b) V, Z, W, W' are not all —H; and

c) when Z is —R” then at least one of V, W, and W' is not —H, alkyl, aralkyl, or
heterocycloalkyl,

d) when G is —O—, T is —(CH3)1.4—, R' and R? are independently halogen, alkyl,
and cycloalkyl, R'is alkyl, R*is hydrogen, and R is —OH, then X is not —P(O)(OH),; or —
P(O)(O-lower alkyl),; and
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e) when G is —O—, R’ is —NHC(O)R®, —NHS(=0),,R¢, —NHC(S)NH(R"), or —
NHC(O)NH(R), T is —(CH,)"-, —CH=CH—, —O(CH,),,—, or —NH(CH,),.,—, then X
is not —P(O)(OH), or —P(O)(OH)NHp;

[0062] In some embodiments, the compound is selected from one or more of the

following:
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or pharmaceutically acceptable salts thereof.

[0063] In other embodiments, the compound is selected from:

Structure Compound Number
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or pharmaceutically acceptable salts thereof.

[0064] The compounds described above may be prepared according to known
methods, including those described in U.S. Patent No. 7,829,552, which is incorporated
herein by reference in its entirety. Additional TR agonists are described in U.S. Patent No.
7,514,419; U.S. Application Publication No. 2009/002895; U.S. Application Publication No.
2010/0081634;, U.S Application Publication No. 2012/0046364; and PCT Application
Publication No. WO 2011/038207, all of which are incorporated herein by reference in their

entirety.

Pharmaceutical Compositions

[0065] The compounds useful as described above can be formulated into
pharmaceutical compositions for use in treatment of the conditions described herein.
Standard pharmaceutical formulation techniques are used, such as those disclosed in
Remington's The Science and Practice of Pharmacy, 21st Ed., Lippincott Williams & Wilkins
(2005), incorporated herein by reference in its entirety. Accordingly, some embodiments
include pharmaceutical compositions comprising: (a) a safe and therapeutically effective
amount of a compound described herein, or pharmaceutically acceptable salts thereof; and
(b) a pharmaceutically acceptable carrier, diluent, excipient or combination thereof.

[0066] The term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” includes any and all solvents, diluents, emulsifiers, binders, buffers,

dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
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delaying agents and the like, or any other such compound as is known by those of skill in the
art to be useful in preparing pharmaceutical formulations. The use of such media and agents
for pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredient, its use in the
therapeutic compositions is contemplated. Supplementary active ingredients can also be
incorporated into the compositions. In addition, various adjuvants such as are commonly
used in the art may be included. These and other such compounds are described in the
literature, e.g., in the Merck Index, Merck & Company, Rahway, NJ. Considerations for the
inclusion of various components in pharmaceutical compositions are described, e.g., in
Gilman et al. (Eds.) (1990); Goodman and Gilman’s: The Pharmacological Basis of
Therapeutics, 8th Ed., Pergamon Press.

[0067] Some examples of substances, which can serve as pharmaceutically-
acceptable carriers or components thereof, are sugars, such as lactose, glucose and sucrose;
starches, such as corn starch and potato starch; cellulose and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; malt;
gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; calcium sulfate;
vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of
theobroma; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene
glycol; alginic acid; emulsifiers, such as the TWEENS; wetting agents, such as sodium lauryl
sulfate; coloring agents; flavoring agents; tableting agents, stabilizers; antioxidants;
preservatives; pyrogen-free water; isotonic saline; and phosphate buffer solutions.

[0068] The choice of a pharmaceutically-acceptable carrier to be used in
conjunction with the subject compound is determined by the way the compound is to be
administered.

[0069] The compositions described herein are preferably provided in unit dosage
form. As used herein, a "unit dosage form" is a composition containing an amount of a
compound that is suitable for administration to a subject, in a single dose, according to good
medical practice. The preparation of a single or unit dosage form however, does not imply
that the dosage form is administered once per day or once per course of therapy. A unit
dosage form may comprise a single daily dose or a fractional sub-dose wherein several unit

dosage forms are to be administered over the course of a day in order to complete a daily
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dose. According to the present disclosure, a unit dosage form may be given more or less
often that once daily, and may be administered more than once during a course of therapy.
Such dosage forms may be administered in any manner consistent with their formulation,
including orally, parenterally, and may be administered as an infusion over a period of time
(e.g., from about 30 minutes to about 2-6 hours). While single administrations are
specifically contemplated, the compositions administered according to the methods described
herein may also be administered as a continuous infusion or via an implantable infusion
pump.

[0070] The methods as described herein may utilize any of a variety of suitable
forms for a variety of routes for administration, for example, for oral, nasal, rectal, topical
(including transdermal), ocular, intracerebral, intracranial, intrathecal, intra-arterial,
intravenous, intramuscular, or other parental routes of administration. The skilled artisan
will appreciate that oral and nasal compositions include compositions that are administered
by inhalation, and made using available methodologies. Depending upon the particular route
of administration desired, a variety of pharmaceutically-acceptable carriers well-known in
the art may be used. Pharmaceutically-acceptable carriers include, for example, solid or
liquid fillers, diluents, hydrotropes, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active materials may be included, which do not substantially
interfere with the activity of the compound. The amount of carrier employed in conjunction
with the compound is sufficient to provide a practical quantity of material for administration
per unit dose of the compound. Techniques and compositions for making dosage forms
useful in the methods described herein are described in the following references, all
incorporated by reference herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker
& Rhodes, editors, 2002); Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1989);
and Ansel, Introduction to Pharmaceutical Dosage Forms 8th Edition (2004).

[0071] Various oral dosage forms can be used, including such solid forms as
tablets, capsules, granules and bulk powders. Tablets can be compressed, tablet triturates,
enteric-coated, sugar-coated, film-coated, or multiple-compressed, containing suitable
binders, lubricants, diluents, disintegrating agents, coloring agents, flavoring agents, flow-
inducing agents, and melting agents. Liquid oral dosage forms include aqueous solutions,

emulsions, suspensions, solutions and/or suspensions reconstituted from non-effervescent
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granules, and effervescent preparations reconstituted from effervescent granules, containing
suitable solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners,
melting agents, coloring agents and flavoring agents.

[0072] The pharmaceutically-acceptable carriers suitable for the preparation of
unit dosage forms for peroral administration is well-known in the art. Tablets typically
comprise conventional pharmaceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as starch,
gelatin and sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants
such as magnesium stearate, stearic acid, microcrystalline cellulose, carboxymethyl cellulose,
and talc. Tablets may also comprise solubilizers or emulsifiers, such as poloxamers,
cremophor/Kolliphor®/Lutrol®, methylcellulose, hydroxypropylmethylcellulose, or others
as are known in the art. Glidants such as silicon dioxide can be used to improve flow
characteristics of the powder mixture. Coloring agents, such as the FD&C dyes, can be
added for appearance. Sweeteners and flavoring agents, such as aspartame, saccharin,
menthol, peppermint, and fruit flavors, are useful adjuvants for chewable tablets. Capsules
typically comprise one or more solid diluents disclosed above. The selection of carrier
components depends on secondary considerations like taste, cost, and shelf stability, which
can be readily made by a person skilled in the art.

[0073] Peroral (PO) compositions also include liquid solutions, emulsions,
suspensions, and the like. The pharmaceutically-acceptable carriers suitable for preparation
of such compositions are well known in the art. Typical components of carriers for syrups,
elixirs, emulsions and suspensions include ethanol, glycerol, propylene glycol, polyethylene
glycol, liquid sucrose, sorbitol and water. For a suspension, typical suspending agents
include methyl cellulose, sodium carboxymethyl cellulose, AVICEL RC-591, tragacanth and
sodium alginate; typical wetting agents include lecithin and polysorbate 80; and typical
preservatives include methyl paraben and sodium benzoate. Peroral liquid compositions may
also contain one or more components such as sweeteners, flavoring agents and colorants
disclosed above.

[0074] Such compositions may also be coated by conventional methods, typically
with pH or time-dependent coatings, such that the subject compound is released in the

gastrointestinal tract in the vicinity of the desired topical application, or at various times to
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extend the desired action. Such dosage forms typically include, but are not limited to, one or
more of cellulose acetate phthalate, polyvinylacetate phthalate, hydroxypropyl methyl
cellulose phthalate, ethyl cellulose, Eudragit coatings, waxes and shellac.

[0075] Compositions described herein may optionally include other drug actives.

[0076] Other compositions useful for attaining systemic delivery of the subject
compounds include sublingual, buccal and nasal dosage forms. Such compositions typically
comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystalline cellulose, carboxymethyl cellulose and
hydroxypropyl methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and
flavoring agents disclosed above may also be included.

[0077] A liquid composition, which is formulated for topical ophthalmic use, is
formulated such that it can be administered topically to the eye. The comfort may be
maximized as much as possible, although sometimes formulation considerations (e.g. drug
stability) may necessitate less than optimal comfort. In the case that comfort cannot be
maximized, the liquid may be formulated such that the liquid is tolerable to the patient for
topical ophthalmic use. Additionally, an ophthalmically acceptable liquid may either be
packaged for single use, or contain a preservative to prevent contamination over multiple
uses.

[0078] For ophthalmic application, solutions or medicaments are often prepared
using a physiological saline solution as a major vehicle. Ophthalmic solutions may
preferably be maintained at a comfortable pH with an appropriate buffer system. The
formulations may also contain conventional, pharmaceutically acceptable preservatives,
stabilizers and surfactants.

[0079] Preservatives that may be used in the pharmaceutical compositions
disclosed herein include, but are not limited to, benzalkonium chloride, PHMB,
chlorobutanol, thimerosal, phenylmercuric, acetate and phenylmercuric nitrate. A useful
surfactant is, for example, Tween 80. Likewise, various useful vehicles may be used in the
ophthalmic preparations disclosed herein. These vehicles include, but are not limited to,
polyvinyl alcohol, povidone, hydroxypropyl methyl cellulose, poloxamers, carboxymethyl

cellulose, hydroxyethyl cellulose and purified water.
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[0080] Tonicity adjustors may be added as needed or convenient. They include,
but are not limited to, salts, particularly sodium chloride, potassium chloride, mannitol and
glycerin, or any other suitable ophthalmically acceptable tonicity adjustor.

[0081] Various buffers and means for adjusting pH may be used so long as the
resulting preparation is ophthalmically acceptable. For many compositions, the pH will be
between 4 and 9. Accordingly, buffers include acetate buffers, citrate buffers, phosphate
buffers and borate buffers. Acids or bases may be used to adjust the pH of these
formulations as needed.

[0082] Ophthalmically acceptable antioxidants include, but are not limited to,
sodium metabisulfite, sodium thiosulfate, acetylcysteine, butylated hydroxyanisole and
butylated hydroxytoluene.

[0083] Other excipient components, which may be included in the ophthalmic
preparations, are chelating agents. A useful chelating agent is edetate disodium, although
other chelating agents may also be used in place or in conjunction with it.

[0084] For topical use, including for transdermal administration, creams,
ointments, gels, solutions or suspensions, etc., containing the compound disclosed herein are
employed. Topical formulations may generally be comprised of a pharmaceutical carrier, co-
solvent, emulsifier, penetration enhancer, preservative system, and emollient.

[0085] For intravenous administration, the compounds and compositions
described herein may be dissolved or dispersed in a pharmaceutically acceptable diluent,
such as a saline or dextrose solution. Suitable excipients may be included to achieve the
desired pH, including but not limited to NaOH, sodium carbonate, sodium acetate, HCI, and
citric acid. In various embodiments, the pH of the final composition ranges from 2 to 8, or
preferably from 4 to 7. Antioxidant excipients may include sodium bisulfite, acetone sodium
bisulfite, sodium formaldehyde, sulfoxylate, thiourea, and EDTA. Other non-limiting
examples of suitable excipients found in the final intravenous composition may include
sodium or potassium phosphates, citric acid, tartaric acid, gelatin, and carbohydrates such as
dextrose, mannitol, and dextran. Further acceptable excipients are described in Powell, et al.,
Compendium of Excipients for Parenteral Formulations, PDA J Pharm Sci and Tech 1998,
52 238-311 and Nema et al., Excipients and Their Role in Approved Injectable Products:
Current Usage and Future Directions, PDA J Pharm Sci and Tech 2011, 65 287-332, both of
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which are incorporated herein by reference in their entirety. Antimicrobial agents may also
be included to achieve a bacteriostatic or fungistatic solution, including but not limited to
phenylmercuric nitrate, thimerosal, benzethonium chloride, benzalkonium chloride, phenol,
cresol, and chlorobutanol.

[0086] The compositions for intravenous administration may be provided to
caregivers in the form of one more solids that are reconstituted with a suitable diluent such as
sterile water, saline or dextrose in water shortly prior to administration. In other
embodiments, the compositions are provided in solution ready to administer parenterally. In
still other embodiments, the compositions are provided in a solution that is further diluted
prior to administration. In embodiments that include administering a combination of a
compound described herein and another agent, the combination may be provided to
caregivers as a mixture, or the caregivers may mix the two agents prior to administration, or
the two agents may be administered separately.

[0087] The actual unit dose of the active compounds described herein depends on
the specific compound, and on the condition to be treated. In some embodiments, the dose
may be from about 0.01 mg/kg to about 120 mg/kg or more of body weight, from about 0.05
mg/kg or less to about 70 mg/kg, from about 0.1 mg/kg to about 50 mg/kg of body weight,
from about 1.0 mg/kg to about 10 mg/kg of body weight, from about 5.0 mg/kg to about 10
mg/kg of body weight, or from about 10.0 mg/kg to about 20.0 mg/kg of body weight. In
some embodiments, the dose may be less than 100 mg/kg, 90 mg/kg, 80 mg/kg, 70 mg/kg, 60
mg/kg, 50 mg/kg, 40 mg/kg, 30 mg/kg, 25 mg/kg, 20 mg/kg, 10 mg/kg, 7.5 mg/kg, 6 mg/kg,
5 mg/kg, 4 mg/kg, 3 mg/kg, 2.5 mg/kg, 1 mg/kg, 0.5mg/kg, 0.1 mg/kg, 0.05 mg/kg or 0.005
mg/kg of body weight. In some embodiments, the actual unit dose 1s 0.05, 0.07, 0.1, 0.3, 1.0,
3.0, 5.0, 10.0 or 25.0 mg/kg of body weight. Thus, for administration to a 70 kg person, the
dosage range would be from about 0.1 mg to 70 mg, from about 1 mg to about 50 mg, from
about 0.5 mg to about 10 mg, from about 1 mg to about 10 mg, from about 2.5 mg to about
30 mg, from about 35 mg or less to about 700 mg or more, from about 7 mg to about 600 mg,
from about 10 mg to about 500 mg, or from about 20 mg to about 300 mg, or from about 200
mg to about 2000 mg. In some embodiments, the actual unit dose is 5 mg. In some
embodiments the actual unit dose is 10 mg. In some embodiments, the actual unit dose is 25

mg. In some embodiments, the actual unit dose is 250 mg or less. In some embodiments, the
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actual unit dose 1s 100 mg or less. In some embodiments, the actual unit dose is 70 mg or

less.

Methods of Administration

[0088] The compositions described above may be administered through any
suitable route of administration, for example, by injection, such as subcutaneously,
intramuscularly, intraperitoneally, intravenously, or intraarterially; topically, such as by
cream, lotion, or patch; orally, such as by a pill, dissolved liquid, oral suspension, buccal
film, or mouthrinse; nasally, such as by a nasal aerosol, powder, or spray; or ocularly, such as
by an eye drop). In some embodiments, the composition may be administered one, twice,
three times, our four times per day. In other embodiments, the composition may be
administered once, twice, or three times per week. In other embodiments, the composition is
administered every other day, every three days, or every four days. In other embodiments,
the composition every other week, every three weeks, or every four weeks. In other
embodiments, the composition is administered once per month or twice per month.

[0089] In some embodiments, an initial loading dose is administered which is
higher than subsequent doses (maintenance doses). The dosage form or mode of
administration of a maintenance dose may be different from that used for the loading dose.
In any of the embodiments disclosed herein, a maintenance dose may comprise
administration of the unit dosage form on any dosing schedule contemplated herein,
including but not limited to, monthly or multiple times per month, biweekly or multiple times
each two weeks, weekly or multiple times per week, daily or multiple times per day. It is
contemplated within the present disclosure that dosing holidays may be incorporated into the
dosing period of the maintenance dose. Such dosing holidays may occur immediately after
the administration of the loading dose or at any time during the period of administration of
the maintenance dose. In some embodiments, the loading dose is 300 mg or less; 250 mg or
less, 200 mg or less, 150 mg or less, or 100 mg or less. In some embodiments, the
maintenance dose is 300 mg or less; 200 mg or less, 100 mg or less, 50 mg or less, 25 mg or

less, 10 mg or less, 5 mg or less, or 1 mg or less.
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Methods of Treatment

[0090] Some embodiments relate to a method for the treatment of a glycogen
storage disease or its symptoms or sequelae, comprising administering an effective amount of
a compound described herein to a subject in need thereof. The glycogen storage disease
may either be hepatic or non-hepatic glycogen storage disease.

[0091] In some embodiments, the disease is selected from the group consisting of
glycogen storage disease type 0, 1,2,3,4,5,6,7,8,9,10, 11, or 12. In some embodiments,
the glycogen storage disease is selected from one or more of aglycogenosis, von Gierke
disease, Pompe disease, Cori disease, Forbes disease, limit dextrinosis, debranching enzyme
disease, Andersen disease, glycogen phosphorylase deficiency, brancher deficiency,
amylopectinosis, glycogen branching enzyme deficiency, McArdle disease, Hers disease,
Tarui disease, Autosomal liver and muscle phosphorylase kinase deficiency, Autosomal liver
phosphorylase kinase deficiency, X-linked liver phosphorylase kinase deficiency, GSD X,
Fanconi-Bickel syndrome, or aldolase A deficiency. In some embodiments, the compounds
of the present disclosure are administered so as to effect the release of stored glycogen.

[0092] In some embodiments, the compounds of the present disclosure are
administered as a means of treating the hepatic symptoms of glycogen storage diseases. In
some embodiments, said compound is administered to a patient showing symptoms of
hyperlipidemia, hypercholesterolemia, steatosis, hepatic fibrosis, increased ALT, increased
AST, increased serum triglycerides, cirrhosis, hepatomegaly, hepatocellular adenoma, or
hepatocellular carcinoma. In some embodiments, the compounds of the present disclosure
are administered to a patient showing insulin insensitivity or elevated blood glucose. In
some embodiments, the compounds of the present disclosure are administered to a patient
showing persistently elevated serum lactic acid levels. In some embodiments, the
compounds of the present disclosure are administered as a means of treating non-hepatic
symptoms of glycogen storage diseases. In some further embodiments, non-hepatic
symptoms of glycogen storage disease may comprise hypoglycemia, disturbances in blood
glucose regulation, and/or cardiomegaly.

[0093] In some embodiments the compounds of the present disclosure are
coadministered with another therapeutic agent. In some further embodiments, said other

therapeutic agent is an enzyme replacement therapy. In some further embodiments, said
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other therapeutic agent is alglucosidase alfa. In some further embodiments, said other
therapeutic agent is a glucose-6-phosphatase, a debranching enzyme, a glycogen synthase, a
glucose-6-phosphatase translocase, a phosphatase translocase, an alpha-1-4-glucosidase, an
amylo-1-6-glucosidase, an amylo-1,4-to-1,6-transglucosidase, a glycogen phosphorylase, a
phosphofructokinase, a cyclic-3°,5" AMP-dependent kinase, a type 2 glucose transporter, or
an aldolase A. In some further embodiments, said other therapeutic agent comprises a
mixture of the above enzymes. In some further embodiments, said other therapeutic agent
comprises an additional enzyme.

[0094] In some embodiments the compounds of the present disclosure are
administered preceding, following, or contemporaneously with a gene therapy. In some
further embodiments, said gene therapy effects the replacement or repair of the gene defect
causing the patient’s glycogen storage disease. In some further embodiments, said gene
therapy effects the insertion of a functional gene encoding a glucose-6-phosphatase, a
debranching enzyme, a glycogen synthase, a glucose-6-phosphatase translocase, a
phosphatase translocase, an alpha-1-4-glucosidase, an amylo-1-6-glucosidase, an amylo-1,4-
to-1,6-transglucosidase, a glycogen phosphorylase, a phosphofructokinase, a cyclic-3°,5’
AMP-dependent kinase, a type 2 glucose transporter, or an aldolase A. In some other
embodiments, said gene therapy incorporates repair or replacement of one or more native
copies of the relevant gene defect. In some embodiments such repair or replacement is
effected utilizing the CRISPR, and especially the CRISPR-Cas9, CRISPR-Cas3, and/or
CRISPR-Cas6 system. In some embodiments said gene therapy is carried out ex vivo. In
some embodiments, said gene therapy is carried out by administration of the relevant
therapeutic agent directly in to the body of the patient, using, for example, an encapsulated
nucleic acid, a viral vector, or other means as are known in the art. In some other
embodiments, said gene therapy is supplemented with an enzyme replacement therapy.

[0095] In some embodiments, the compounds of the present disclosure are
administered preceding, following, or contemporaneously with a transplant of the heart, of
the liver, of pancreatic islet cells, of one or more kidneys, or of skeletal muscle tissue. In
some other embodiments, said organ transplant is supplemented with enzyme replacement
therapy. In some other embodiments, said organ transplant is supplemented with a gene

therapy. In some embodiments, the compounds of the present disclosure are administered
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preceding, following, or contemporaneously with a transplant of the heart, of the liver, of
pancreatic islet cells, of one or more kidneys, or of skeletal muscle tissue, as well as a gene
therapy and/or an enzyme replacement therapy.

[0096] In some embodiments, the compounds of the present disclosure are
coadministered with a second therapeutic agent that modulates blood lactate levels. In some
further embodiments, said second therapeutic agent may comprise a cofactor of an enzyme
important to lipid or carbohydrate metabolism. In some further embodiments, said second
therapeutic agent may comprise one or more of thiamine, biotin, riboflavin, or any precursors
to such agents and any combination thereof.

[0097] In some embodiments, the compounds of the present disclosure are
coadministered with a second therapeutic agent that modulates liver enzyme levels. In some
further embodiments, said second therapeutic agent may comprise an agent to reduce or
prevent liver inflammation or elevation in liver function tests.

[0098] In some embodiments, the compounds of the present disclosure are
coadministered with a second therapeutic agent that modulates blood sugar. In some further
embodiments, said second therapeutic agent may comprise a peptide, a sugar, a
polysaccharide, an amino acid, or any combination thereof. In some further embodiments,
said second therapeutic agent may comprise one or more of glucose, galactose, fructose,
sucrose, maltose, lactose, arabinose, or other sugars, or any combination thereof. In some
further embodiments, said second therapeutic agent may comprise one or more of corn
starch, potato starch, wheat starch, vegetable starch, cassava or other starches, or any
combination thereof. In some embodiments, said second therapeutic agent may comprise one
or more sugars and one or more starches. In some embodiments, said second therapeutic
agent may comprise one or more of asparagine, tyrosine, cysteine, serine, tyrosine,
glutamine, histidine, glutamic acid, arginine, lysine, aspartic acid, tryptophan, isoleucine,
methionine, proline, phenylalanine, glycine, alanine, valine, leucine, or any combination
thereof. In some further embodiments, said second therapeutic agent may comprise an
insulin, an insulin-like peptide, a glucagon, a glucagon-like peptide, or any combination
thereof. In some further embodiments, said second therapeutic agent may comprise a
combination of an insulin, an insulin-like peptide, a glucagon, and/or a glucagon-like peptide

with a starch or a sugar.
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[0099] In some embodiments, the compounds of the present disclosure are
coadministered with a statin or PCSK9 inhibitor. Representative statins include but are not
limited to atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, simvastatin, and
pitavastatin. Representative PCSK9 inhibitors include but are not limited to, alirocumab,
bococizumab, and evolocumab.

[0100] In some embodiments, administration of the compounds of the present
disclosure result in a reduction in liver size or the prevention of hepatomegaly in a subject
having a glycogen storage disease. In some embodiments, liver size is assessed with regard
to the absolute mass or volume of the liver. In some embodiments, liver size is assessed as
the relative mass of the liver compared to the overall mass of the body of the subject. In
some embodiments, liver size is assessed by sonography, radiography including computed
tomography, magnetic resonance imaging or by manual palpitation and/or percussion and
estimation using such methods and measurements as are known in the art. In some
embodiments, administration of the compounds of the present disclosure result in a reduction
in body mass in a subject having a glycogen storage disease. In some embodiments,
administration of the compounds of the present disclosure result in a reduction in total liver
triglycerides in a subject having a glycogen storage disease. In some embodiments,
administration of the compounds of the present disclosure result in a reduction in liver
triglyceride concentration in a subject having a glycogen storage disease. In some
embodiments, administration of the compounds of the present disclosure result in reduced
serum cholesterol in a subject having a glycogen storage disease. In some embodiments,
administration of the compounds of the present disclosure result in reduced blood glucose in
a subject having a glycogen storage disease. In some embodiments, administration of the
compounds of the present disclosure result in little or no change in liver glycogen levels in a
subject having a glycogen storage disease. In some embodiments, administration of the
compounds of the present disclosure result in reduced liver glycogen levels in a subject
having a glycogen storage disease. In some embodiments, administration of the compounds
of the present disclosure result in little or no change in muscle glycogen levels in a subject
having a glycogen storage disease. In some embodiments, administration of the compounds
of the present disclosure result in a reduction in serum cholesterol of more than 5%, more

than 10%, more than 15%, more than 20%, more than 25%, more than 30%, more than 35%,
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more than 40%, more than 45%, more than 50%, more than 55%, or more than 60% in a
subject having a glycogen storage disease. In some embodiments, administration of the
compounds of the present disclosure result in a reduction in serum cholesterol of 5% or less,
10% or less, 15% or less, 20% or less, 25% or less, 30% or less, 35% or less, 40% or less,
45% or less, 50% or less, 55% , or 60% or less in a subject having a glycogen storage
disease. In some embodiments, administration of the compounds of the present disclosure
result in a reduction in blood glucose of more than 5%, more than 10%, more than 15%,
more than 20%, more than 25%, more than 30%, more than 35%, more than 40%, more than
45%, more than 50%, more than 55%, or more than 60% in a subject having a glycogen
storage disease. In some embodiments, administration of the compounds of the present
disclosure result in a reduction in blood glucose of 5% or less, 10% or less, 15% or less,
20% or less, 25% or less, 30% or less, 35% or less, 40% or less, 45% or less, 50% or less,
55% , or 60% or less in a subject having a glycogen storage disease. In some embodiments,
administration of the compounds of the present disclosure result in no change in kidney mass

in a subject having a glycogen storage disease.

The methods described herein are further illustrated by the following examples.

Example 1:
[0101] Compound 2 Dosing Study in Dogs: The objective of the study was to

determine the effects of oral administration of Compound 2 once-daily for 14 days followed
by alternate day dosing for 14 days on plasma cholesterol levels and indicators of thyroid
function in beagle dogs. Compound 2 was formulated with Lutrol F68 NF (Poloxomer 188)
and carboxymethylcellulose (CMC; sodium salt/high viscosity) and was administered as a
suspension in 0.5% CMC/1% Lutrol in deionized water. Twelve beagle dogs (9-15 kg) were
randomized into 6 dosing groups (1 male and 1 female/group) and gavaged once-daily with a
0.5% CMC/1% Lutrol F68 suspension of Compound 2 at doses of 0.1, 0.3, 1, 3, or 10 mg/day
or with vehicle for 14 days. At the end of the treatment cycle (Cycle 1), the dogs were
washed out for 4 weeks and then entered into a second 14-day treatment cycle. Cycle 2
employed the same dosing paradigm as Cycle 1, but animals were randomized to Cycle 2 in

such a way that the combined dosing groups from the two cycles consisted of 4 different
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animals (2 males, 2 females) each. At the conclusion of Cycle 2, dosing was continued on
alternate days for an additional 14-day period (Cycle 2 Extension). Blood samples were
collected at baseline and appropriate time intervals thereafter and analyzed for total plasma
cholesterol levels, serum levels of total T4 (tT4), free T4 (fT4), total T3 (tT3), free T3 (fT3),
and thyroid stimulating hormone (TSH).

[0102] Treatment with Compound 2 for 14 days resulted in progressive, dose-
dependent reductions of total plasma cholesterol levels, with an average reduction on Day 15
of ~28 mg/dL or ~22% from baseline at a dose of 0.3 mg/kg/day and of ~71 mg/dL or ~47%
from baseline at the highest dose evaluated (10 mg/kg/day) (See Fig. 1). The lowest dose of
Compound 2 evaluated, 0.1 mg/kg/day, had minimal effects on total plasma cholesterol
levels (Fig. 1). During the alternate day dosing period of Cycle 2 (Cycle 2 Extension), total
plasma cholesterol levels in the Compound 2 treatment groups remained reduced relative to
vehicle-treated animals to a similar or greater extent than observed after once-daily dosing

(See Fig. 2).

Example 2:
[0103] The objective of this study was to evaluate the efficacy and safety of

Compound 2 treatment at doses of 3, 10, and 30 mg/kg/day for 9 weeks in male ob/ob mice.

3,3°,5-Tritodo-L-thyronine (T3) was used as a comparator in this study.

[0104] Methods: Seventy-eight adult male ob/ob mice were assigned to six
different treatment groups (n=6-24/group). Animals were dosed daily with either vehicle [1%
carboxymethylcellulose (CMC) in water, PO], T3 [(100 nmole/kg/day in aqueous solution,
subcutaneous (SC)], or Compound 2 [3, 10 or 30 mg/kg/day in 1% CMC, PO]. Blood
glucose and plasma cholesterol were measured weekly in all animals. Subsets of animals in
the vehicle-treated and 30 mg/kg/day Compound 2-treated groups were sacrificed after 3, 6
and 9 weeks of treatment to analyze the temporal effects of Compound 2 on liver weight and

liver triglyceride levels. Liver triglyceride levels, liver glycogen content, heart, liver and
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epididymal fat pad weights, and plasma clinical chemistry parameters were measured at

sacrifice.

[0105] Results: Plasma cholesterol, body weight, liver weight, and liver
triglyceride content increased progressively in vehicle-treated mice over the 9-week
treatment period. Multiple differences in metabolic and physiological parameters were
observed in drugtreated animals relative to vehicle-treated animals throughout the study.
After 9 weeks of treatment, total plasma cholesterol levels were ~43%, ~42%, and ~47%
lower in the 3, 10, and 30 mg/kg/day Compound 2-treated groups, respectively. Liver
triglyceride levels were lower in the group treated with Compound 2 at 30 mg/kg/day from
Week 3 onwards. At 9 weeks, liver triglyceride levels were ~39% and ~46% lower in the
groups treated with 10 and 30 mg/kg/day of Compound 2, respectively (Figure 3). Blood
glucose levels were increased in the 30 mg/kg/day Compound 2 group at 3 weeks and in all
Compound 2-treated groups at 9 weeks (Figure 4). Terminal liver glycogen levels in the
Compound 2-treated groups were modestly higher or similar to those in the vehicle-treated
group (Figure 5). All dose groups of Compound 2 had lower terminal liver weights (Figure
6). Compound 2-treatment (10 and 30 mg/kg/day) resulted in lower total plasma protein and
albumin levels. Increased total plasma bilirubin levels were observed at 10 and 30 mg/kg/day
Compound 2, but these changes were not dose-related. Decreased alanine aminotransferase
(ALT) levels were observed in all dose groups of Compound 2.

[0106] Total plasma cholesterol was ~66% lower in T3-treated mice at 9 weeks.
Terminal liver triglyceride and liver glycogen levels were similar in the T3- and vehicle-
treated groups. Blood glucose levels in the T3-treated group were similar to those in the
vehicle-treated group at all time points evaluated. T3 treatment resulted in lower liver weight.
T3-treatment also decreased total plasma protein, albumin, ALT, and calcium levels and

increased plasma triglyceride levels (~56%).

[0107] Conclusions: Compound 2 treatment for 9 weeks largely prevented the
increase in plasma cholesterol levels, liver weight, and liver triglyceride content observed in
vehicle-treated mice. Blood glucose levels were increased relative to the vehicle-treated

group after 3 and 9 weeks of Compound 2 treatment. Statistically significant changes in
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several plasma clinical chemistry parameters were observed following Compound 2
treatment: increased bilirubin and decreased total protein, and albumin. In addition,
Compound 2 treatment reduced the elevated ALT levels characteristic of ob/ob mice. As seen
with Compound 2, T3 treatment prevented the increase in plasma cholesterol levels and liver
weight observed in vehicle-treated mice. T3 treatment did not increase blood glucose levels
or decrease liver triglyceride content. Another important difference between T3 and
Compound 2 was the increase in plasma triglyceride levels observed with the former but not

the latter drug treatment.

Example 3:
[0108] Objectives: The objective of the study was to evaluate the efficacy and

safety of Compound 2 treatment for 4 weeks in male Zucker Diabetic fatty (ZDF) rats. Total
plasma cholesterol, blood glucose levels, liver and muscle glycogen levels, and a plasma
clinical chemistry were evaluated. Additionally, histological and biochemical assessments of
hepatic steatosis were performed post-mortem. MB07875, a known human thyroid hormone

receptor ligand, was included as a comparator in these studies.

[0109] Methods: Eight-week old male ZDF rats (n = 5/group) were treated orally
with  Compound 2 or MB07875 for 28 days. The doses of Compound 2 [in 0.5%
carboxymethylcellulose (CMC)] were 0.25, 0.5, 1, 2.5, 5, 15 and 50 mg/kg/day. The dose of
MBO07875 (in 0.5% CMC) was 0.2 mg/kg/day. Body weight was assessed just prior to
treatment and at 24 hours following the last dose. Total plasma cholesterol and blood glucose
were measured on a weekly basis. While still under anesthesia, blood was collected from the
inferior vena cava for analysis of clinical chemistry and insulin and free fatty acid levels, and
the gastocnemius muscle was removed and freeze-clamped for analysis of glycogen content.
In addition, the liver was removed and weighed, and a portion freeze-clamped for glycogen
and triglyceride analysis. Another portion was placed in 10% neutral buffered formalin for

hematoxalin and eosin (H & E) staining. Finally, the heart was excised and weighed.

[0110] Results: All metabolic changes in drug-treated animals are described

relative to vehicle-treated animals at the corresponding time points. Compound 2, at doses of
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1 mg/kg/day and above, lowered total plasma cholesterol, with reductions of ~25% and
~34% at the first statistically significant dose (1 mg/kg/day) and the highest dose (50
mg/kg/day), respectively, on day 28 (Figure 7). Blood glucose levels were not increased in
the Compound 2-treated groups at any time during the study, and were significantly
decreased (~47%) in the 2.5 mg/kg/day dose group on day 28. Compound 2 treatment had
no significant effect on heart or body weight. Liver glycogen levels were reduced in a dose-
dependent manner by Compound 2 (>90% at 50 mg/kg/day), while muscle glycogen levels
were unaffected by treatment (Figure 8A, B). Plasma insulin levels tended to be higher at
doses of 1 mg/kg/day of Compound 2 and above. Free fatty acid levels were unaffected by
Compound 2 treatment. Several statistically significant differences in plasma clinical
chemistry parameters were observed in the Compound 2-treated groups on day 28. Blood
urea nitrogen was decreased by ~21% and ~26% at doses of 15 and 50 mg/kg/day of 3 of 27
Compound 2, respectively. Total bilirubin was increased by ~86% and ~79% at doses of
Compound 2 of 2.5 and 50 mg/kg/day, respectively. Alkaline phosphatase was decreased in a
dose-related manner at doses of Compound 2 of 1 mg/kg/day and above, with a ~42%
decrease evident at the highest dose (50 mg/kg/day). Calcium levels were decreased by ~5%
and phosphorus levels increased by ~27% at 50 mg/kg/day of Compound 2. Globulin was
decreased by up to ~25% at doses of Compound 2 of 5 mg/kg/day and above. The albumin-
to-globulin ratio was increased by 21% and 32% at doses of Compound 2 of 15 and 50
mg/kg/day, respectively. Total protein levels were decreased by ~10% at 50 mg/kg/day of
Compound 2. Although histological analysis of liver sections revealed a decrease in
microvesicular steatosis in Compound 2-treated rats at doses >2.5 mg/kg/day (Figure 9),
there was no statistically significant decrease in liver triglyceride content.

[0111] Total plasma cholesterol and blood glucose were ~43% and ~66% lower,
respectively, in the MBO7875-treated group on day 28, while plasma insulin levels were
significantly increased (~5-fold). Heart weights, body weights, and the heart-to-body weight
ratios were similar between the MB07875- and vehicle-treated groups. After 28 days of
dosing, MB077811 treatment resulted in marked, dose-dependent decreases in liver glycogen
levels (Figure 8A) relative to vehicle treatment, with a ~90% decrease observed at the highest
dose evaluated (50 mg/kd/day). Liver glycogen content was decreased by ~96% in the

MBO07875-treated group relative to the vehicle-treated group. There were no significant
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differences in muscle glycogen content between the vehicle-, Compound 2-, and MB07875-
treated groups (Figure 8B). Clinical chemistry analysis of plasma samples from the
MBO07875-treated group revealed increased chloride (~6%), decreased blood urea nitrogen
(~8%), decreased alkaline phosphatase (~53%), decreased calcium (~8%), decreased globulin
(~18%), and an increased albumin/globulin ratio (~26%). MBO07875 treatment reduced

microvesicular hepatic steatosis but did not alter liver triglyceride content.

[0112] Conclusions: Treatment of male ZDF rats with Compound 2 at doses from
1 to 50 mg/kg/day for 28 days decreased total plasma cholesterol levels by up to 34%. In
addition, hepatic microvesicular steatosis was reduced at doses of Compound 2 of 2.5
mg/kg/day and above. Compound 2 treatment (up to 50 mg/kg/day) did not alter
cardiovascular function as assessed by monitoring heart rate, systolic and diastolic aortic
pressure, and LV dP/dt. Blood glucose levels in the Compound 2-treated groups were similar
or lower than those in the vehicle group. MB07875 treatment (0.2 mg/kg/day) also was
associated with reduced total plasma cholesterol, reduced blood glucose, and an
improvement in microvesicular hepatic steatosis. Markedly reduced hepatic glycogen stores
and changes in several plasma clinical chemistry parameters were observed in both the
Compound 2- and MB07875-treated groups. In summary, oral administration of Compound 2
to male ZDF rats for 28 days decreased total plasma cholesterol levels and reduced hepatic
microvesicular steatosis without causing cardiovascular side effects or exacerbation of

hyperglycemia.

Example 4:
[0113] Objectives: The objectives of this study were to evaluate the effects of 2,

S and 10 weeks of Compound 2 treatment at doses of 10 and 30 mg/kg/day on total plasma
cholesterol levels, blood glucose levels, and hepatic steatosis in a mouse model of diet-

induced obesity.
[0114] Methods: Male C57Bl/6 mice (4 weeks old) were fed a high-fat diet (60%

fat by kcal) for 88 days to induce obesity, hyperlipidemia, and mild hyperglycemia prior to
initiation of the study. For the study, 3 groups of mice (n=24-28) were dosed daily by gavage
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with 10 or 30 mg/kg of Compound 2 or vehicle (0.1% carboxymethylcellulose) and
maintained on the same high-fat diet. During treatment, body weight, total plasma cholesterol
levels, and blood glucose levels of the animals were measured weekly. Subsets of animals
(n=6- 12; 30 mg/kg/day) were sacrificed prior to treatment and after 2, 5 and 10 weeks of

treatment for analysis of liver weights, liver triglyceride levels and liver histology.

[0115] Results:  Total plasma cholesterol levels were decreased by more than
50% in the 10 and 30 mg/kg/day Compound 2-treated groups from week 1 through the end
of the study compared to the vehicle-treated group (Figure 10). Blood glucose levels were
also significantly lower (by up to 25%) in the Compound 2-treated groups compared with the
vehicle-treated group at most time points examined (Figure 11). Liver weights and liver-to-
body weight ratios were ~50% and ~40% lower, respectively, for the 10 and 30 mg/kg/day
Compound 2-treated groups compared with the vehicle treated group following 2, 5 and 10
weeks of treatment (Figure 12). No significant changes in liver triglyceride concentrations
(mg/g liver) were detected at any time point when either Compound 2- treated group was
compared with the vehicle-treated group. However, total liver triglyceride content (mg/liver)
was significantly lower (up to 60%) in the 10 and 30 mg/kg/day Compound 2- treated
groups compared with the vehicle-treated group at weeks 2, 5, and 10 (Figure 13).
Macrovesicular and microvesicular steatosis were visually reduced in the 30 mg/kg/day
Compound 2-treated animals compared with vehicle-treated animals after 2, 5 and 10 weeks

of treatment (Figure 14).

[0116] Conclusions: Compound 2 treatment (10 and 30 mg/kg/day) of male, diet-
induced obese mice for up to 10 weeks tended to reduce body weight gain and resulted in a
significant and sustained reduction in total plasma cholesterol (>50%), and an amelioration
of hyperglycemia (blood glucose lowering of up to 25%). The main effects on cholesterol
and glucose were observed within 2 to 3 weeks of drug treatment and were sustained
throughout the remainder of the 10-week treatment period. Hepatic steatosis, as assessed by
histological analysis of tissue obtained from mice treated with Compound 2 at 30 mg/kg/day
for 2, 5 and 10 weeks, was visually improved at 2 weeks. A similar improvement was

observed at the 5- and 10-week time points evaluated. Consistent with a reduction in
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steatosis, the hepatomegaly associated with high-fat feeding was significantly and similarly

reduced after 2, 5 and 10 weeks of Compound 2 treatment.

Example 5:
[0117] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to alpha-glucosidase deficient mice that manifest GSD-2- like
hepatic symptoms, including hypercholesterolemia and hyperlipidemia (GAA -/-; see e.g.
Raben, N. et al.,, Mol. Genet. Metab. Sep-Oct;80(1-2):159-69 (2003)). Blood is drawn from
each animal every two days or every 3 — 4 days. Animals are assessed for their plasma
cholesterol levels, total plasma lipid levels, hepatic lipid content, hepatic glycogen content,
free glucose levels, Aspartate transaminase (AST) and alanine transaminase (ALT) levels,
and thyroid function. Total T4, Total T3, Free T4, Free T3, and Thyroid Stimulating
Hormone are assessed. After 14 days, and again after 22 days, data are compiled and
subjected to appropriate statistical analyses. After 22 days, animals are sacrificed and their
livers are examined for signs of steatosis and fibrosis, as well as histological signs of
abnormal glycogen storage. Differences in survival time, where relevant, between treated

and untreated animals are assessed.

Example 6:
[0118] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to glucose-6-phosphatase-o. deficient mice that manifest GSD-
1- like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (G6pc—/—,
GO6pc3—/—, or Gopt—/— see e.g. Chou, JY. et al., Nat. Rev. Endocrinol. 6(12): 676688
(2010)). Blood is drawn from each animal every two days or every 3 — 4 days. Animals are
assessed for their plasma cholesterol levels, total plasma lipid levels, hepatic lipid content,
hepatic glycogen content, free glucose levels, Aspartate transaminase (AST) and alanine
transaminase (ALT) levels, and thyroid function. Total T4, Total T3, Free T4, Free T3, and
Thyroid Stimulating Hormone are assessed. After 14 days, and again after 22 days, data are
compiled and subjected to appropriate statistical analyses. After 22 days, animals are

sacrificed and their livers are examined for signs of steatosis and fibrosis, as well as
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histological signs of abnormal glycogen storage. Differences in survival time, where

relevant, between treated and untreated animals are assessed.

Example 7:
[0119] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to glucose-6-phosphatase-o. deficient mice that manifest GSD-
3- like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (Agl—/—, see
eg. Liu, KM et al., Mol. Genet. Metabol. 111(4):467-76 (2014)). Blood is drawn from
each animal every two days or every 3 — 4 days. Animals are assessed for their plasma
cholesterol levels, total plasma lipid levels, hepatic lipid content, hepatic glycogen content,
free glucose levels, Aspartate transaminase (AST) and alanine transaminase (ALT) levels,
and thyroid function. Total T4, Total T3, Free T4, Free T3, and Thyroid Stimulating
Hormone are assessed. After 14 days, and again after 22 days, data are compiled and
subjected to appropriate statistical analyses. After 22 days, animals are sacrificed and their
livers are examined for signs of steatosis and fibrosis, as well as histological signs of
abnormal glycogen storage. Differences in survival time, where relevant, between treated

and untreated animals are assessed.

Example 8:
[0120] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to liver glycogen phosphorylase deficient mice that manifest
GSD-6- like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (Pygl—/—,
such as, for example, knockout mouse line No. TL1774 from Taconic Biosciences, Inc.).
Blood is drawn from each animal every two days or every 3 — 4 days. Animals are assessed
for their plasma cholesterol levels, total plasma lipid levels, hepatic lipid content, hepatic
glycogen content, free glucose levels, Aspartate transaminase (AST) and alanine
transaminase (ALT) levels, and thyroid function. Total T4, Total T3, Free T4, Free T3, and
Thyroid Stimulating Hormone are assessed. After 14 days, and again after 22 days, data are
compiled and subjected to appropriate statistical analyses. After 22 days, animals are

sacrificed and their livers are examined for signs of steatosis and fibrosis, as well as
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histological signs of abnormal glycogen storage. Differences in survival time, where

relevant, between treated and untreated animals are assessed.

Example 9:
[0121] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to phosphofructokinase deficient mice that manifest GSD-7-
like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (Pfkm—/—, see,
e.g., Garcia M. et al, PLoS Genet. 5(8): e1000615. doi:10.1371/journal. pgen.1000615
(2009)). Blood is drawn from each animal every two days or every 3 — 4 days. Animals are
assessed for their plasma cholesterol levels, total plasma lipid levels, hepatic lipid content,
hepatic glycogen content, free glucose levels, Aspartate transaminase (AST) and alanine
transaminase (ALT) levels, and thyroid function. Total T4, Total T3, Free T4, Free T3, and
Thyroid Stimulating Hormone are assessed. After 14 days, and again after 22 days, data are
compiled and subjected to appropriate statistical analyses. After 22 days, animals are
sacrificed and their livers are examined for signs of steatosis and fibrosis, as well as
histological signs of abnormal glycogen storage. Differences in survival time, where

relevant, between treated and untreated animals are assessed.

Example 10:
[0122] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to phosphorylase kinase deficient mice that manifest GSD-8/9-
like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (PhKc—/—, see,
e.g., Varsanyi, M. et al., Biochem. Genet. 18(3-4):247-61 (1980)). Blood is drawn from each
animal every two days or every 3 — 4 days. Animals are assessed for their plasma cholesterol
levels, total plasma lipid levels, hepatic lipid content, hepatic glycogen content, free glucose
levels, Aspartate transaminase (AST) and alanine transaminase (ALT) levels, and thyroid
function. Total T4, Total T3, Free T4, Free T3, and Thyroid Stimulating Hormone are
assessed. After 14 days, and again after 22 days, data are compiled and subjected to
appropriate statistical analyses. After 22 days, animals are sacrificed and their livers are

examined for signs of steatosis and fibrosis, as well as histological signs of abnormal
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glycogen storage. Differences in survival time, where relevant, between treated and

untreated animals are assessed.

Example 11:
[0123] Compounds 1, 2, 3, and 4 are administered orally, at doses ranging

from 0.1 mg/kg to 10 mg/kg, to phosphorylase kinase deficient mice that manifest GSD-11-
like hepatic symptoms, including hypercholesterolemia and hyperlipidemia (Glut2—/—, see,
e.g., Bady, L et al,, Diabetes 55(4): 988-995 (2006)). Blood is drawn from each animal every
two days or every 3 — 4 days. Animals are assessed for their plasma cholesterol levels, total
plasma lipid levels, hepatic lipid content, hepatic glycogen content, free glucose levels,
Aspartate transaminase (AST) and alanine transaminase (ALT) levels, and thyroid function.
Total T4, Total T3, Free T4, Free T3, and Thyroid Stimulating Hormone are assessed. After
14 days, and again after 22 days, data are compiled and subjected to appropriate statistical
analyses. After 22 days, animals are sacrificed and their livers are examined for signs of
steatosis and fibrosis, as well as histological signs of abnormal glycogen storage.
Differences in survival time, where relevant, between treated and untreated animals are

assessed.

Example 12:
[0124] Compound 2 was tested in a G6PC-/- mouse model of GSD Ia. Daily

injection of 0.1 to 0.2 mL 10% dextrose subcutaneously was initiated within 3 days of age for
GO6PC-/-mice. All G6PC-/- mice continued to receive daily dextrose injections during this
time. Blood was collected at time of euthanasia, when tissues were collected. Two groups of
4 G6PC -/- mice (1 group treated with Compound 2, 1 group treated with vehicle) were
analyzed to identify statistically significant differences between Compound 2-treated and
vehicle-treated controls. We also treated 2 groups of 3 normal (wild type) mice, one with
Compound 2 and one with vehicle.

[0125] Initially the GSD Ia mice were treated with Compound 2 from 5 to 10
days of age. Body mass, liver mass, liver glycogen concentration, liver triglycerides, fasting
serum glucose, fasting serum triglycerides, and GSD-related cell signaling pathways were

examined. Similarly, groups of GSD Ia mice were treated with vehicle for 5 days to serve as
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mock-treated controls for all assays. Groups of 3-4 mice were evaluated. GSD Ia mice were
treated for >7 days to assess survival and longer-term effects of Compound 2 as described
above (GSD Ia mice rarely survive >12 days of life without a therapeutic intervention).
Metabolomic analysis of hepatic extracts were performed as described (Sinha, Farah et al.
(2013), Hepatology 59(4):1366-80). Acylcarnitine and amino acid profiling were employed
to detect any changes related to increased lipolysis and fatty acid beta-oxidation as described
by Sinha et al. (Sinha, Farah et al. (2013), Hepatology 59(4):1366-80). Mice treated with
Compound 2 showed reduced body mass (Figure 15), reduced liver mass (Figure 16),
reduced liver mass as a percentage of body mass (Figure 17), reduced liver triglyceride
concentrations (Figure 20), and reduced total liver triglycerides (Figure 21) compared to
vehicle-treated (mock treated) controls. These effects were seen in both wild type (wt) and
G6PC -/- mice, though the effects on liver mass and liver triglycerides were more
pronounced in GO6PC -/- mice than in wt. Mice treated with Compound 2 showed somewhat
enhanced serum triglycerides compared to vehicle-treated controls, in both the G6PC -/- and
wt backgrounds (figure 19). GOPC -/- mice treated with Compound 2 showed somewhat
enhanced liver glycogen levels relative to vehicle-treated controls, while wt mice treated with
Compound 2 showed significantly reduced liver glycogen levels relative to vehicle-treated
controls (Figure 18). Mean liver triglyceride content was reduced by more than 60% in
Compound 2-treated animals relative to vehicle-treated control animals, while average liver
weight was reduced by more than 30% vs. controls. Importantly, average liver weight as a
percent of total body weight also declined by approximately 20% in treated vs. control
animals. Further, treatment with Compound 2 led to statistically significant reductions in key

metabolic markers of GSD Ia.

Example 13:
[0126] The objective of this study was to determine the ability of Compound 2, a

small molecule prodrug of a potent thyroid hormone beta receptor (TBR) agonist, to reduce

hepatic steatosis and other metabolic derangements in the glucose-6-phosphatase catalytic

subunit knockout (G6pc -/-) mouse model of glycogen storage disease type la (GSD Ia).
[0127] Mice were treated with Compound 2 or with vehicle, using 4 groups of 6-7

mice: G6pc -/- mice receiving Compound 2, G6pc -/- mice receiving vehicle, Wt mice
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receiving Compound 2, and WT mice receiving vehicle. Daily injection of 0.1 to 0.2 mL
10% dextrose subcutaneously was initiated at 3 days of age for all mice, and all mice
continued to receive daily dextrose injections throughout drug or vehicle treatment. Dextrose
was not administered on the day of tissue collection. Mice were treated daily with
Compound 2 or with vehicle, respectively, from 5 to 8 days of age. Mice were sacrificed on
Day 9, and blood and tissues were collected. The fasting serum glucose and triglycerides,
hepatic lipid and glycogen content, and GSD-related cell signaling pathways were examined.

[0128] Body Mass and Kidney Mass were not affected by treatment with
Compound 2 (Figures 22 and 23). Compared with vehicle-treated controls, mean total liver
triglycerides in G6pc -/- mice were significantly reduced by 69.0% from 13.550 mg to 4.210
mg following 4 days of drug treatment (p<0.0001) (Figure 24). Similarly, mean liver weights
were significantly reduced by over 30% from 393.55 mg to 253.11 mg in treated vs. control
G6pce -/- cohorts (p<0.05) (Figure 25). Drug treatment also produced a decrease in mean
serum triglyceride concentration by 54.0% in G6pc -/- mice, from 729.59 mg/dL to 336.58
mg/dL. Under the dosing parameters chosen, there were no significant changes in liver
glycogen concentration, serum glucose concentration, or serum triglyceride concentration
(Figures 26-28). These data suggest Compound 2 reduces hepatic steatosis in the G6pc -/-

mouse model of GSD Ia.

[0129] The above-described embodiments have been provided by way of
example, and the methods and cells described herein are not limited to these examples.
Multiple variations and modification to the disclosed embodiments will occur, to the extent
not mutually exclusive, to those skilled in the art upon consideration of the foregoing
description. Additionally, other combinations, omissions, substitutions and modifications will
be apparent to the skilled artisan in view of the disclosure herein. Accordingly, the methods
and compositions disclosed herein are not intended to be limited by the disclosed
embodiments, but are to be defined by reference to the appended claims. Those skilled in the
art will recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the methods and cells described herein. Such

equivalents are intended to be encompassed by the following claims.
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WHAT IS CLAIMED IS:
1. A method of treating a glycogen storage disease or a symptom thereof,

comprising administering to a subject in need thereof at least one compound of Formula I:

- &
B

or a pharmaceutically acceptable salt thereof, wherein:

G 1s selected from the group consisting of —O—, —S—, —S(=0)—, —S(=0),—,
—Se—, —CHy—, —CF,—, —CHF—, —C(0)—, —CH(OH)—, —CH(C;-C4 alkyl)-, —
CH(C;-C; alkoxy)-, —C(=CH;)—,—NH—, and —N(C;-C; alkyl)-;

T is selected from the group consisting of —(CR*—, —CR’=CR*—(CR%)),—, —

(CR%)y—CR’=CR’—, —(CR%)—CR’=CR"—(CR%)—, —O(CR%)(CR%)y—  —
S(CR%)(CR)n—, NRYCR®)NCR:)y—, NR")C(O)CRY),,  —CONCRY)w—, —
(CR*)mC(0)—, —(CR%)C(O)(CRY),, —(CR%).C(0)(CRY)—, and —
C(O)NH(CR®,)(CR*2)y—;

k is an integer from 1-4;

m is an integer from 0-3;

n is an integer from 0-2;

p is an integer from 0-1;

each R" is independently selected from the group consisting of hydrogen, optionally
substituted —C;-C4 alkyl, halogen, —OH, optionally substituted —O—C;-C4 alkyl, —OCFs3,
optionally substituted —S—C;-Cy alkyl, —NRPR®, optionally substituted —C,-Cy4 alkenyl,
and optionally substituted —C,-C,4 alkynyl; with the proviso that when one R* is attached to
C through an O, S, or N atom, then the other R attached to the same C is a hydrogen, or
attached via a carbon atom;

each R’ is independently selected from the group consisting of hydrogen and

optionally substituted —C;-C4 alkyl;
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each R° is independently selected from the group consisting of hydrogen and
optionally substituted —C;-C4 alkyl, optionally substituted —C(O)—C,-C4 alkyl, and —
C(O)H;

R', and R? are each independently selected from the group consisting of halogen,
optionally substituted —C;-C4 alkyl, optionally substituted —S—C;-C; alkyl, optionally
substituted —C,-C4 alkenyl, optionally substituted —C,-C4 alkynyl, —CF;, —OCFs3,
optionally substituted—O—C;-C; alkyl, and cyano;

R®, R”, R®, and R’ are each independently selected from the group consisting of are
each independently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C;-C4 alkyl, optionally substituted —S—C,-C5 alkyl, optionally substituted
—C,-C4 alkenyl, optionally substituted —C,-C4 alkynyl, —CF5;, —OCFs3, optionally
substituted—O0—C;-Cs alkyl, and cyano; or R® and T are taken together along with the
carbons they are attached to form a ring of 5 to 6 atoms including O to 2 heteroatoms
independently selected from —NR.— —O—, and —S—, with the proviso that when there
are 2 heteroatoms in the ring and both heteroatoms are different than nitrogen then both
heteroatoms have to be separated by at least one carbon atom; and X is attached to this ring
by a direct bond to a ring carbon, or by —(CR",)— or —C(0O)— bonded to a ring carbon or a
ring nitrogen;

R' is selected from the group consisting of hydrogen, —C(0)C;-C4 alkyl, —C;-C,
alkyl, and —C;-Cs—aryl;

R* and R* are independently selected from the group consisting of hydrogen, halogen,
—CF;, —OCFs3, cyano, optionally substituted —C;-C; alkyl, optionally substituted —C,-
C1, alkenyl, optionally substituted —C,-C 1, alkynyl, —SR?%, —S(=0)R®, —S(=0),R®, —
S(=0),NRR&, —C(O)OR", —C(O)R®, —NR"C(ONR'RE, —NR"S(=0),R°, —
N(R")S(=0),NR'R¢, and —NR'RE,

each RY is selected from the group consisting of optionally substituted —C;-C, alkyl,
optionally substituted —C,-C1, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR",), aryl, optionally substituted —(CR"), cycloalkyl, optionally substituted
—(CR"), heterocycloalkyl, and —C(O)NR'RE,

each R® is selected from the group consisting of optionally substituted —C;-C15 alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
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substituted —(CR%), aryl, optionally substituted —(CR%), cycloalkyl, and optionally
substituted —(CR"), heterocycloalkyl;

R" and R® are each independently selected from the group consisting of hydrogen,
optionally substituted —C;-C, alkyl, optionally substituted —C,—C;, alkenyl, optionally
substituted —C,-C1, alkynyl, optionally substituted —(CR®,), aryl, optionally substituted —
(CR®,), cycloalkyl, and optionally substituted —(CR®), heterocycloalkyl, or R' and R® may
together form an optionally substituted heterocyclic ring, which may contain a second
heterogroup selected from the group consisting of O, NR, and S, wherein said optionally
substituted heterocyclic ring may be substituted with 0-4 substituents selected from the group
consisting of optionally substituted —C;-C4 alkyl, —OR®, oxo, cyano, —CFs, optionally
substituted phenyl, and —C(O)OR";

each R" is selected from the group consisting of optionally substituted —C;-C, alkyl,
optionally substituted —C,-C;, alkenyl, optionally substituted —C,-C;, alkynyl, optionally
substituted —(CR), aryl, optionally substituted —(CR"), cycloalkyl, and optionally
substituted —(CR",), heterocycloalkyl;

R’ is selected from the group consisting of —OH, optionally substituted —OC;-Cs
alkyl, OC(O)R®, —OC(0)OR" —F, —NHC(O)R®?, —NHS(=0)R®, —NHS(=0),R®, —
NHC(=S)NH(R"), and —NHC(O)NH(R");

X is P(O)YR"'Y'R";

Y and Y’ are each independently selected from the group consisting of —O—, and —
NR'—; when Y and Y’ are —O—, R"! attached to —O— is independently selected from the
group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),0OC(O)NR”
2, —NR*—C(0)—R’, —C(R*),—OC(0)R*, —C(R*),—O0—C(0)ORY, —C(R*),OC(0O)SR’, -
alkyl-S—C(O)R’, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy;

when Y and Y' are —NR'—, then R"" attached to —NR'— is independently selected
from the group consisting of —H, —[C(R%),],—COORY, —C(R*),COOR", —[C(R"),];—
C(O)SR?, and -cycloalkylene-COORY;

when Y is —O— and Y' is NR", then R"! attached to —O— is independently selected

from the group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
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heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C(R*),OC(O)NR*,,
—NR*—C(0)—R’, —C(R"),—O0C(O)R’, —C(R*),—0—C(0O)OR’, —C(R*),0C(O)SR’, -
alkyl-S—C(O)R®, -alkyl-S—S-alkylhydroxy, and -alkyl-S—S—S-alkylhydroxy; and R
attached to —NR"— is independently selected from the group consisting of H, —[C(R"),]q—
COOR’, —C(R™),COORY, —[C(R"),]q—C(0O)SR?, and -cycloalkylene-COOR’;

or when Y and Y’ are independently selected from —O— and NR", then together R"!
and R are -alkyl-S—S-alkyl- to form a cyclic group, or together R'! and R are the group:

i" “H
A
NG

W
wherein:

V, W, and W' are independently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted aralkyl, heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, optionally substituted 1-alkenyl, and optionally
substituted 1-alkynyl;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group
containing 5-7 atoms, wherein 0-1 atoms are heteroatoms and the remaining atoms are
carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyloxy, alkoxycarbonyloxy, or
aryloxycarbonyloxy attached to a carbon atom that is three atoms from both Y groups
attached to the phosphorus;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, that is fused to an
aryl group at the beta and gamma position to the Y attached to the phosphorus;

or together V and W are connected via an additional 3 carbon atoms to form an

optionally substituted cyclic group containing 6 carbon atoms and substituted with one
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substituent selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
alkylthiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that is
three atoms from a Y attached to the phosphorus;

or together Z and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, and V must be aryl,
substituted aryl, heteroaryl, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic
group, wherein 0-2 atoms are heteroatoms and the remaining atoms are carbon, and V must
be aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

Z is selected from the group consisting of —CHR*OH, —CHROC(O)R’,—
CHR*OC(S)R’, —CHR*OC(S)ORY, —CHR*OC(0)SR’, —CHR’OCO;R*, —OR”, —SR”*, —
CHRN;, —CH,-aryl, —CH(aryl)OH, —CH(CH=CR*)OH, —CH(C=CR")OH, —R*, —
NR*, —OCORY, —OCO;R’, —SCOR', —SCO,R"Y, —NHCOR*, —NHCO,R’, —CH,NH-
aryl, —(CH,)q—OR?", and —(CH;)q—SR?,

q is an integer 2 or 3;

each R” is selected from the group consisting of RY and —H;

each R” is selected from the group consisting of alkyl, aryl, heterocycloalkyl, and
aralkyl;

each R is independently selected from the group consisting of —H, and alkyl, or
together R* and R* form a cyclic alkyl group; and

each R' is selected from the group consisting of —H, lower alkyl, acyloxyalkyl,

alkoxycarbonyloxyalkyl, and lower acyl.

2. The method of Claim 1 wherein the compound to be administered comprises one or

more of the compounds having a structures selected from the group consisting of:

® 9
3%
SPOUX;
HO 0 PO
o

>
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; or pharmaceutically acceptable salts thereof.

3. The method of any of claims 1 or 2 wherein the glycogen storage disease
comprises one or more of Glycogen storage disease types 1, 2, 3,4, 5,6,7,8,9, 10, 11, or
12, aglycogenosis, Pompe disease, Cori disease, Forbes disease, limit dextrinosis,
debranching enzyme disease, Andersen disease, glycogen phosphorylase deficiency,
brancher deficiency, amylopectinosis, glycogen branching enzyme deficiency, McArdle
disease, Hers disease, Tarui disease, Autosomal liver and muscle phosphorylase kinase
deficiency, Autosomal liver phosphorylase kinase deficiency, X-linked liver phosphorylase
kinase deficiency, GSD X, Fanconi-Bickel syndrome, or aldolase A deficiency.

4. The method of any of claims 1-3 wherein administration of said compound
results in the amelioration a glycogen storage defect.

5. The method of any of Claims 1-4 wherein administration of said compound
leads to a reduction in serum lipid or serum cholesterol levels.

6. The method of any of Claims 1-4 wherein administration of said compound
leads to the amelioration of hepatic steatosis, hypercholesterolemia, or hepatic inflammation
associated with a glycogen storage disease.

7. The method of any of Claims 1-4 wherein said glycogen storage disease is

associated with  cardiomegaly, hepatomegaly, liver steatosis, hyperlipidemia,
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hypercholesterolemia, increased ALT, increased AST, increased serum triglycerides, liver
fibrosis, cirrhosis, hepatocellular adenoma, or hepatocellular carcinoma.

8. The method of any of Claims 1-7 further comprising administration of a
second therapeutic agent.

9. The method of Claim 8 wherein the second therapeutic agent is selected from
the group consisting of a starch, a sugar, an amino acid, a peptide, an enzyme, and a gene
therapy, or any combination thereof.

10. The method of any of Claims 8-9 wherein the second therapeutic agent is
selected from the group consisting of corn starch, potato starch, wheat starch, vegetable
starch, and cassava, or any combination thereof.

11. The method of Claims 8-9 wherein the second therapeutic agent comprises
glucose, galactose, fructose, sucrose, maltose, lactose, arabinose, or another sugar, or any
combination thereof.

12. The method of Claims 8-9 wherein the second therapeutic agent is selected
from the group consisting of alglucosidase alfa, a glucose-6-phosphatase, a debranching
enzyme, a glycogen synthase, a glucose-6-phosphatase translocase, a phosphatase
translocase, an alpha-1-4-glucosidase, an amylo-1-6-glucosidase, an amylo-1,4-to-1,6-
transglucosidase, a glycogen phosphorylase, a phosphofructokinase, a cyclic-3’,5° AMP-
dependent kinase, a type 2 glucose transporter, and an aldolase A, or any combination
thereof.

13. The method of Claims 8-9 wherein the second therapeutic agent is selected
from the group consisting of an insulin, an insulin-like peptide, a glucagon, and a glucagon-
like peptide, or any combination thereof.

14. The method of any of Claims 1-13 wherein said compound is administered in

association with a liver, kidney, or bone marrow transplant.

15. The method of any of Claims 1-14 wherein said glycogen storage disease is
GSD-Ia.
16. The method of any of Claims 1-14 wherein administration of said compound

leads to reductions in body mass, liver mass, liver mass as a percentage of body mass, or

liver triglyceride levels.
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