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METHODS AND COMPOSITIONS FOR TREATING GLYCOGEN STORAGE
DISEASEDS USING AGENTS THAT MIMIC OR ELEVATE CYCLIC AMP

PRIORITY

This application claims the benefit of U.S. 82/140,808, filed on March

31, 2015, the contents of which are incorporated by reference in their entirety.
BACKGROUND

Glycogen is a branched polymer of glucose that serves as a form of
energy storage in human and animals. The two major sites of glycoegen
storage are liver and muscle. The primary function of glycogen varies in
different tissues. In liver, glycogen serves as a glucose reserve for the
maintenance of blood-glucose levels; in muscle, glycogen provides energy for
muscle contraction [1,2]. Glvcogen melabolism is a complex process
involving many different enzymes that directly or indirectly requiate givcogen
synthesis and degradation. in mammalian cells, glycogen is synthesized in
the cytosol by the two enzymes, glycogen synthase (GS) and glycogen
branching enzyme (GBE). Most glycogen is degraded in the cytoplasm
{glycogenolysis) by a combined action of giycogen phosphorylase (GP)
{cleaves the «-14-glycosidic bondsy and glycogen debranching enzyme
(GDE) (cleaves o~1,8-glycosidic bonds at the branch points}, but a very small
amount of glycogen is transporied into lysosomes and digested into glucose
by the enzyme acid alpha-glucosidase (GAA} [2,3].

Glycogen synthesis and degradation invelve numercus enzymes.
Mutations in genes encoding these enzymes cause a partial or complete loss
of the enzyme activities in glycogen storage diseases (G3Ds), a group of
genetic disorders with abnormal metabolism of glycogen primarily in liver,
muscie, and the brain. Most of the GS8Ds are inherited In an autosomal
recessive manner, some are X linked or inherited in an autosomal dominant
manner. The overall frequency of all forms of glycogen storage diseases is
approximately 1 in 10,000 live births. There are over 13 forms of G50
presently identified, and a wide specitrum of dinical presentations is seen.
GBD types |, H, B, VI, and DX are currently recognized as the most common
forms, accounting for over 80 percent of all cases. Some deficiencies affect

only one tissue (liver or muscle); cothers can affect several tissues (liver,
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muscle, and other tissues) [4,5,8]. Among these diseases, GS8D H (Pompe
disease), a deficiency in the lysosomal enzyme acid alpha-glucosidase
(GAA), is the only GBD that has glycogen storage in lysosomes and therefore
is also classified as a lysosomal storage disease. All other GSDs, except for
GSD 0 (no glycogen is synthesized in patients with GSD 0 due to the
deficiency of glycogen synthase), have glycogen accumulation in the
cytoplasm {cytoplasmic G5Ds) and possibly also in the lysosomes.

Enzyme replacement therapy (ERT) would be an ideal treatment for
genelic diseases with singly-gene deficiency. ERT has been effeclive in
diseases in which the responsible enzymes/proteins exert their functions in
extracellular fluids, such as adencsine deaminase deficiency, hemophilia, and
aipha l-antitrypsin deficiency, or in a lysosomal location such as lysosomal
storage diseases including Fompe disease in which the therapeutic enzyme
could be efficiently delivered inio the lysosome of diseased ceils via a
mannose-G-phosphate receptor (MBPR or IGF2)-mediated uptake. ERT with
recombinant human GAA thGAA, Myczyme, Lumizyme, Alglucosidase Alfa)
is the only approved therapy for Pompe disease. ERT, however, has been
successful only in some patients as challenges with low targeting efficiency in
skeletal muscle and immunogenicity among others. There is therefore an
urgent need to develop new therapies for the freatment of other GSDs
especially a therapy that is suitable for most, if not all, GSDs.

SUMMARY

Methods and compositions for treating glycogen storage diseases are
provided herein. In particular, administration of cyclic AMP elevators is shown
to reduce glycogen storage in affected cells and thus can be used to treat or
reduce sympioms in subjects with glycogen storage disseases or other
conditions where there is a builld of glycogen. The methods of trealing &
givcogen siorage disease or other conditions where there is a build of
glycogen in a subject provided herein include administering a therapeutically
effective amount of a cyclic AMP elevator 1o the subject in need of reatment.
The methods and compositions can further include administering an enzyme
repiacement therapy, a gene replacement therapy, a chaperone therapy, or a
substrate reduction therapy using RNAl-based treatment approaches,

antisense therapies, or small molecule or peptide drugs to the subject.
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One embodiment of the invention provides a method of treating a
givcogen storage disease or other conditions where there is a build of
givcogen in & subject in need of such treatment comprising administering a
therapeutically effective amount of a cyclic AMP elevator {0 the subject in
need of treatment for a glycogen storage disease, or a condition where there
is a buildup of glycogen from other disorders. The glycogen storage disease
or other condition where there is a build of giycogen can be selected from the
group consisting of GSD |, G3D i (Pompe disease), GSD i, GSD IV, GED V,
GSD Vi, GBS0 Vi, GBD IX, GSD Xi, GSD X, GSD X, GSD XV, Danon
disease, Fanconi-Bickel disease, lLafora disease, cardiac/muscle
giycogenosis due to AMP-activaled prolein kinase gamma subunit 2-
deficiency (PRKAG2 cardiac syndrome), or other disorders where there is
secondary accumulation of glycogen, such as Niemann-Pick Disease, GSD X,
phosphoglycerate kinase deficiency, RBCK1 deficiency, and GSD XV,

The cyclic AMP elevator can be an adenviate cyclase activator, a
phosphodiesterase (PDE) inhibitor, a Toll-like receptor ligand, a calcium
ionephore, a protein kinase A (PKA) activator, a protein kinase C (PKC)
activator, a beta2-adrensrgic receptor agonist, an adenylate cyclase toxin, or
combinations thereof.

The adenylate cyclase activator can be a labdane diterpene, a G-
protein coupled receptor agonist, a G-protein activator, the pyrazole derivative
AD2011-1, benzvioxybenzaidehyde and analogs thereof, or combinations
thergof.

The labdane diterpene can be labdane, forskolin, a forskolin derivative,
G-acetyl-7-deacetyl-forskolin, 7-deacetyl-forskolin, 7-deacetyl-6-(N-
acetyighyeyh)-forskolin, 7-deacetyl-7-O-hemisuccunyl-forskolin, 7-deacetyl-7-
(O-N-methylpiperazino)-y-butryl-dihydrochionde-forskolin, 7-HPP-forskolin, 6-
HPP-forskolin, colforsin daropate hydrochioride (NKH477), or combinations
tharsof.

The G-protein coupled receptor agonist can be catecholamine,
dopamine, dobutamine, isoproterencl, adenosine, carbacyclin, endothelin,
epinephrine, glucagon, octopamine, pituitary adenylate cyciase-activating
peptide (PACAP), parathyroid hormone, prostaglandin, vasopressin, or

combinations thereof.
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The G-protein activalor can be cholera toxin or a subunit thereof.

The PDE inhibitor can be a PDE3, PDE4, PDE7, or PDES inhibitor.

The Toll-like receptor ligand can be lipopolysaccharide (LPS), 1-
palmitoyi-2-linoleoyl-sn-giycero-3-phosphocholine  (plLPC), lipoteichoic acid
{(LTA}, flagellin, or combinations thereof,

The calcium ionophore can be an ionomycin calcium salt, A23187, or
combinations thereof.

The PKA activator can be 6-Brnz-cAMP, 8-CPT-2-0O-Me-cAMP, 8-CPT-
CAMP, 8-Bromo-cAMP, Dibutyryl-cAMP, Dioctanoyi-cAMP, Sp-8-Br-cAMFS,
Sp-cAMPS, cAMP, a PKA subunit, or combinations thereof.

The PKC activator can be phorbol myristate acetate (PMA), a PKC
purified enzyme, or combinations thereof.

The betaZ-adrenergic receptor agonist can be biiolterol, fenoterol,
isoprenaline, levosalbutamol, orciprenaline, pirbuterol, procaierol, ritodrine,
saibulameol, terbutaline, arformoterel, bambuterct, clenbuterel, formotersl,
saimeterol, indacaterol, olodaterol, vilanterol, vilanterol with umeclidinium
bromide, vilanterol with flulicasone furoate, zilpaterol, or combinations thereof.

The methods of the invention can further comprise administering a
therapeutically effective amount of an enzyme replacement therapy, a gene
therapy, a subsirate reduction therapy, a chaperone therapy, or combinations
thereof to the subject with a givcogen storage disease (primary of &
sacondary accumulation of givoogen due to other primary diseases).

Two or more cyclic AMP elevators can administered o the subject. The
cyclic AMP elevator can be administered by a route selected from oral,
parenteral, inframuscular, intravenous, intraperitoneal and subcutanenus.

Ancther emboediment of the invention provides a pharmaceutical
composition comprising at least one cyclic AMP elevator and an enzyme
repiacement therapy, gene therapy, subsirate reduction therapy, chaperone
therapy specific for a glvcogen storage disease, or combinations thereof.

The enzyme replacement therapy or gene itherapy can be selecled
from the group consisting of administration of the following therapeutic
enzymes or genes encoding these enzymes. acid alpha-glucosidase, glucose-
6-phosphatase, glycogen debranching enzyme, givcogen branching enzyme,

muscle glycogen phosphorylase, liver glycogen phosphorylase, muscle
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phosphofructokinase, phosphorylase kinase, lactate dehvdrogenase, glucose
transporter 2, Aldolase A, phosphoglucomutase, Laforin or Malin, LAMP-2,
and B-enoclase.

The substrate reduction therapy can be selected from the group
consisting of methods of inhibiting glycogen synthase o reduce glycogen
accumulation, siRNA-based therapies, shRNA-based therapies, antisense
therapies, and therapies using small molecules or peplide drugs.

Yet ancther embodiment of the invention provides a kit comprising at
least one cyclic AMP elevalor, an enzvme replacement therapy or gene
therapy and instructions for administering the cyciic AMP elevator and the
enzyme replacement therapy or gene therapy to a subject with a glycogen
storage disease or other conditions where there is a build of glycogen,
wherein the enzyme replacement therapy or gene therapy replaces an
enzyme or gene encoding the enzyme deficient in the glycogen storage
disease. The kit can further comprise one or more chaperone therapies.

Anocther embodiment of the invention provides a kit comprising at least
one cyclic AMP elevator, a subsirate reduction therapy, and instructions for
administering the cydlic AMP elevator and the substrate reduction therapy {o a
subject with a glycoegen siorage disease or other condition where there is a
build of glycogen, wherein the substrate reduction therapy reduces glycogen
synthase activity and prevenis glycogen accumuiation in the glycogen slorage

disease.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic showing the role of cyclic AMP in stimulating
giycogen breakdown and inhibiting glycogen synthesis through activation of
cAMP-dependent protein kinase A (PKA). Inactive forms are phosphorylase
b, phosphorylase kinase b, and glycogen synthase b. Active forms are
phosphorylase kinase a, phosphorylase a, and glycogen synthase a. Adapted
from Berridge, M.J., 2014,

Figure 2 is a graph showing that Forskolin reduced glycogen conient in
primary muscle cells from patients with G3D illa. UT, untreated; Low, 1 uM
Forskolin, High, 10 uM Forskolin, *, p<0.05 vs. UT; **, p<0.001 vs. UT.

PCT/US2016/025215



WO 2016/161086

16

30

Figure 3 is a graph showing that glycogen content was decreased in
GSD IV patient fibroblasts by Forskolin treatment. UT, untreated; Low, 1 uM
Forskolin; High, 10 uM Forskolin, *, p<0.05 vs. UT; **, p<0.001 vs. UT,

DETAILED DESCRIPTION

This invention relates 1o methods and compositions of treating or
preventing glycogen storage diseases (GSD) type Hl (Forbes-Cori disease,
Debranching enzyme deficiency) and IV (Andersen disease, Branching
Enzyme Deficiency), by administering one or more cAMP elevators or agents
that mimic CAMP, for example Forskolin or its derivatives or analogs thereof in
a therapeutically effective amount. The invention also relates {o use of the
same method as an adjunctive therapy in combination with other therapies,
such as enzyme replacement therapy, gene therapy, substrate reduction,
chaperone therapy, and other therapeutic approaches. The invention further
relates o use of the same method, either alone or as an adjunctive therapy,
for treating other GSDs and other disorders where there is a buildup of
givcogen including, but not limited {o, type | (von Gierke disease, glucose-6-
phosphatase deficiency), H (Pompe disease, acid-alpha-glucosidase
deficiency), V (McArdie disease, Muscle Phosphorylase Deficiency), V1 {(Hers
disease, Liver phosphorylase enzyme), VI (Tarui disease, Muscle
FPhosphofructokinase Deficiency), X {(Phosphorylase Kinase Deficiency), X
{Lactate dehydrogenase deficiency), XiI (Aldolase A deficiency), XIH (B-
enolase deficiency), G50 XIV (Phosphoglucomutase deficiency); Fanconi-
Bickel disease (deficiency in glucose transporter GLUT2), Lafora disease
(LaforindMalin  deficiency), Danon disease (LAMPZ2 deficiency), cardiac
giycogenosis due o AMP-activaled protein kinase gamma subunit 2-
deficiency (PRKAG2 cardiac syndrome), Niemann-Pick Disease Types A-C),
GSD X {phosphoglycerate mutase deficiency; increased givcogen in muscle);
phosphoglycerate kinase deficiency (increased glycogen in muscle);, RBCK1
deficiency {polyglucosan body myopathy caused by deficiency of ubiguitin
ligase RBCK1; polyglucosan body); and GSD XV {Glycogenin-1 deficiency;
polyglucosan body).

Glycogen synthesis and degradation are reciprocally regulated by

hormonal signals. Insulin and glucagon (or epinephrine) are the major
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hormones that regulate glycogen storage and mobilization. Ghycogen
synithesis is triggered when blood-glucose levels are high, through insulin-
induced activation of protein phosphatase-1 (PP1). PP1 activates GS (b— a)
and inactivates GP and glycogen phosphorylase kinase (GPK) (a— b} by
dephosphorylating these enzymes (Figure 1) In contrast, glycogen
breakdown is initiated in a starved state by glucagon (in liver) or epinephrine
{in muscle) triggered cyclic AMP (cAMP) cascade acting through cAMP-
dependent protein kinase A (PKA) (Figure 1), PKA stimulales glycogen
degradation by the following actions: 1) phosphorylates and activates GPK (b
— @}, which subsequently phosphorylates and activates GP (b — a); 2)
phosphorylates GS (a— b), which leads {o a decrease in enzymatic activity to
prevent glycogen being synthesized at the same time that it is being broken
down; and 3) disables PP1 function by dissociating it from glycogen through
phosphorylation of the glycogen-binding subunit Gy (Figure 1) [3,7,8,91.

GSD i {Giycogen debranching enzyme deficiency, Cori Disease)

Genetic deficiency of glvcogen debranching enzyme (GDE) causes an
incomplete glycogenolysis in GSD 1, resulting in accumulation of abnormal
givcogen with short outer chain in various organs, mostly liver and muscle.
The disease is characlerized by hepatomegaly, hypoglycemia, short stature,
variable myopathy and cardiomyopathy. Most patients have diseases
involving both liver and muscie (type ilia), while some patients (~15%) have
only liver involvement {type llib). Liver symptoms normally occur in childhood.
Liver cirrhosis and hepatocellular carcinoma have been reported in some
cases [4,10]. Muscle weakness is present during childhood. it becomes more
prevalent in adults with onset in the third or fourth decade. There is significant
morbidity from progressive muscle weakness and patients in later stages can
hecome whesl chair bound. Fatients can also develop cardiomyopathy. There
is significant clinical variability in the severity of the symptoms that these
patients develop. The progressive myopathy and/or cardiomyopathy and/or
peripheral neuropathy are major causes of morbidity in adults [10,11,12L
Current treatment is symptomatic, and there is no effective therapy for the
disease. Hypoglvcemia can be conirolled by frequent meals high in
carbohydrates with cornstarch supplements or nocturnal gastric drip feedings.

Fatients with myopathy have been freated with a diet high in protein during
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the daytime plus overnight enteral infusion. In some patients transient
improvement in symptoms has been documented, bul there are no systemic
studies or long-term data demonstrating that the high protein diet prevents or
treats the progressive myopathy [10]. These approaches do little to alter the
long term course and morbidity of these diseases.

Curly coated retrievers (CCR) with a phenotype mimicking type llia
disease have been identified. These dogs have hepatomegaly, hypoglycemia,
and elevated liver enzymes and creatine phosphokinasse. The clinical signs in
these affected dogs appear to be mild in the first yvear of life, becoming more
prominent with age and leading to lethargy, exercise intolerance, and episodic
hvpoglycemia with collapse/unresponsivensss. These dogs are homozygous
for the ©.4223delA mutation [13]. Rapamycin, a specific inhibitor of mTOR,
can significantly reduce glycogen content in both liver and skeletal muscle of
affected CCR dogs [14]. This suggestis suppression of glycogen synthesis
with Rapamycin is a polential useful therapy for GSD Hi. In addition, a mouse
model of GSD [lia has been developed recently. Histology revealed massive
givcogen accumulation in the liver, muscle, and heart of the homozygous
affected mice. Hepalomegaly and progressive liver fibrosis were also found in
the affected mice[15]. These animal models provide excellent tools for testing
novel therapies in pre-clinical studies.

GSD IV {Glycogen branching enzyme deficiency; Andersen Disease}

GSD IV is a rare autosomal recessive disorder caused by deficiency of
glycogen branching enzyme (GBE), a key enzyme involved in glycegen
synthesis. Patients with GED IV have accumulation of insoluble, amylopectin-
like polysaccharide in multiple tissues, including liver, skeletal muscle, heart
and central and peripheral nervous system [4,16,171 GSD IV is clinically
variable. The classical form of GSD IV is characterized by failure to thrive,
hepatosplenomegaly, and progressive liver cirrhosis which normally lead to
death by age 5 years. Some patients can develop hepatic adenomas and
hepatocelivlar carcinoma. In addition o the hepatic presentation, four
neuromuscular forms can be distinguished based on the ages at onsel. The
perinatal form is characterized by muliiple congenital coniractures, hydrops
fetalis, and perinatal death. The congenital form includes hypotonia, muscle

wasting, neuronal involvement, inconsisient cardiomyopathy, and death in
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early infancy. in the childhood form, patients present predominantly with a
myopathy or cardiomyopathy. The adult form can present as an isolated
myopathy or as a multisystem disorder with central and peripheral nervous
system dysfunction accompanied by accumulation of polyglucosan material in
the nervous system (so-called adult polyglucosan body disease) [18,18,20]
There is no specific treatment for GSD V. Maintenance of normoglycemia
and adeguate nutrient intake improve liver function and muscle strength in
some patients. For progressive hepatic failure, liver transplantation is the only
treatment option [4].

Norwegian forest cats (NFC) are a naturally occurring animal model of
G801V, caused by an inherited, recessive mutation in the branching enzyme
gene [21]. Most homozygous affected kittens die at or soon after birth due o
hypoglycemia. The surviving cats appear dlinically normal unitil 5 month of
age, when skeletal muscle, heart, and CNE degeneration becomea obvious,
accompanied by elevated body temperature, but cirrhosis and liver failure are
absent. A mouse model of GSD IV is available. The homozygous mice
(Gbet(neo/neo)) exhibit a phenotype similar to juvenile onset GSD 1V, with
wide spread accumulation of polyglucosan bodies [22]. Other mice models of
GS0s are alsc available.

Similarly, there are no effective treatments for other cytoplasmic GSDs,
including GSD | {von Gierke’s disease, glucose-8-phosphatase deficiency, ib
transiocase deficiency), GSD V (McArdle’s disease, a deficiency in muscle
phosphorylase), GED Vi (Hers' disease, a deficiency in liver phosphorylase),
GSD Vil (a deficiency in muscle phosphofructokinase, Tarui's disease), GSD
IX {phosphorylase kinase deficiency), GSD Xi (Lactate dehydrogenase
deficiency), GSD XH (Aldolase A deficiency), GED Xl (a deficiency in B-
enolase); GSD 0 (A deficiency in glycogen synthase), Fanconi-Bickel disease
(deficiency in glucose iransporter GLUTZ), Lafora disease (laforin/malin
deficiency), cardiac/imuscle givcogenosis due o AMP-activated protein kinase
gamma subunit 2-deficiency (PRKAGZ cardiac syndrome), GSD XV due fo
phosphoglucomutase deficiency; Danon disease (GSD 2B) due fo LAMP-2
deficiency, and conditions where there is a secondary buildup of glycogen,
such as Niemann-Pick Disease [4], GSD X (phosphogiycerate mutase

deficiency; increased glycogen in muscle), phosphoglycerate Kinase
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deficiency (increased glycogen in muscle), RBCK1 deficiency (polyglucosan
body myopathy caused by deficiency of ubiquitin ligase RBCK1, polyglucosan
body), and GED XV (Glycogenin-1 deficiency; polyglucosan body).

in ali the GSDs, other than Pompe disease treatment is symptomatic
and primarily with diet medifications.

Cyclic AMP elevators

The ferm “CAMP elevator” as used herein refers to an agent that
increases intraceliular levels of cAMP beyond the background physiclogical
intraceilular level.

intraceliular levels of cAMP can be measured by, for example, assays
that measure cAMP levels through protein kinase A (PKA), which is activated
upon release of s regulatory subunits afler binding to cAMP (e.g., CAMP-
GLO™ Max assay). cAMP levels can be increased by about 5, 10, 20, 30,
40, 50, 60, 70, 80, 80, 100 percent or more {(or any range between about 5
and 100 percent).

cAMP is synthesized from ATP by the enzyme adenylate cyclase and
is degraded into AMP by cAMP phosphodiesterases. CAMP elevators
therefore include agents that aclivate or enhance the aclivity of adenyiate
cyclase (hereinafier referred {0 as "adenylate cyclase aclivators”), agents that
increase the availability of adenylate cyclase, and agenis that inhibit or block
the activity of CAMP and/or cGMP phosphodiesterases (hereinafter referred to
as “PDE inhibitors™).

The activity of adenylate cyclase can be measured by, for example,
ELISA. The activity of adenviate cyclase can be increased by about 5, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100 percent or more (or any range between about 5
and 100 percent).

The availability of adenylate cyclase can be measured by, for example,
ELISA. The availability of adenylate cyclase can be increased by about 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100 percent or more (or any range between
about 5 and 100 percent}.

The activity of  cAMP phosphodiesterases or cGMP
phosphodiesterases can be measuraed by, for example, a PDELIight™ Assay
Kit (Lonza, Basel, Swilzerland). The activity of cAMP phosphodiesterases or
cGMP phosphodiesterases can be decreased by about 5, 10, 20, 30, 40, 50,
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80, 70, 80, 80, 100 percent or more (or any range between about & and 100
percent).

Other representative cAMP slevators include, but are not limited 1o, the
Toll-like receptor ligands, calcium channel activaiors or calcium activators,
betaZ-adrenergic receptor agonists, protein kinase C (PKC) activators, and
adenylate cyclase toxin. These classes of cAMP elevalors are described in
more detail herein below. In a particular embodiment, the cAMP elevator is an
adenyiate cyclase aclivator, more particularly, a labdane diterpene such as
Forskolin or a derivative or analog thereof.

The term “agent that mimics cAMP” as used herein refers to an agent
that produces physiological effects similar to endogencus cAMP such as, for
example, activating protein kinase A (PKA) {glso known as cAMP-dependent
anzyma). Accordingly, agents that mimic cAMP include, for example, PKA
activators, The activity of PKA activators can be defermined using an ELISA
(for example, an ELISA that utilizes a synthetic peplide as a substrate for PKA
and a polyclonal antibody that recognizes the phosphorvlated form of the
subsirate). A PKA aclivator can increase protein kinase A activity by about 5,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100 percent or more {or any range between
about 5 and 100 percent).

Forskolin

Forskolin {also called Coleonol) is a chemical that is extracted from the
roots of the Indian Coleus plant (Coleus forskohlii). Forskolin is commonly
used as a cAMP elevator {o raise levels of cAMFP in the research of cell
physiology. Forskolin activates the enzyme adenylyl cyclase and increases
intracellular levels of cAMP [23,24,25,26].

it has been shown that Forskolin could induce glycogenolysis and
reduce glycogen levels in both cultured cells and experimental animals [27]
[28]1 [29]. However, the role of cyclic AMP in GSD is unknown and the ability
of forskolin or another cyclic AMP slevator fo treat GSD has not been
suggested and would not be predicied to overcome enzyme deficiencies. The
ability of some cyclic AMP elevators to cross the blood brain barrier can also
make these compounds useful o treat central or peripheral nervous system

aspects of disease that are not amenable 1o treatment with ERT.
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Forskolin is already in use as a pharmaceutical to treat a number of
other unrelated conditions and diseases. A Forskolin dosage can be about 5,
10, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 or more myg in one day and the
dose is divided into twice or thrice a day. Forskolin can be administered by
intravenously (IV), intramuscularly (IM), subcutaneously (SC), inhalation, oral
dosages, eye drops, or any other suitable methods.

The effectiveness of Forskolin o clear the massive giycogen
accumulation in G5Ds has not been tested or contemplated prior fo this
invention, likely due 1o the consideration thal this treatment would not
theoretically work for these diseases. For exampie, deficiency of GDE in GS8D
Hi results in accumulation of abnormal glycogen with short cuter chains, in the
presence of normal GP function. Increased activity of GF by Forskolin will not
help degrade the stored glycogen (because the cells are still unable to cleave
the -1, B-glycosidic bonds). In G8D IV, deficiency of GBE causes the
formation of less-branched, insoluble glycogen molecules that cannot be
broken down by the normal GP and GDE activities. The deficiencies in GP
(GSD V & VhH and GPK (GSD IX) obviously will interrupt the Forskolin-induced
giycogen degradation through the cAMP/PKA-GPK-GP pathway.

Forskolin, however, unexpectedly can significantly reduce glycogen
levels in GSD HI patient muscle celis and GSD 1V patient fibroblast cells (see
Exampies; Figure 2 and Figure 3), likely through the inhibition of glycogen
synthesis. This freatment approach can be extremesly effective for the patients
with, for example, GSD V/VI and GSD IX who have residual enzyme activities,
but the approach can be effective in patients with various GSDs, including but
not limited to G3D type §, 1) I IV, WV, VE VI DX X, X, XHL XV, Lafora
disease, Fanconi-Bicke! disease, Danon disease, PRKAG2 cardiac syndrome,
and conditions where there is a secondary buildup of glycogen, such as
Niemann-Pick Disease, GSD X {phosphoglycerate mutase deficiency,
increased glycogen in muscle), phosphoglycerate kinase deficiency
(increased glycegen in muscle), RBCK1 deficiency (polyglucosan body
myopathy caused by deficiency of ubiquitin ligase RBCK1, polyglucosan
body), and GED XV (Glycogenin-1 deficiency; polyglucosan body).

The invention provides methods of use and compositions comprising

cAMP elevators, alone or in combination with one or more enzyme
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replacement therapies, which can be from other classes of therapsutic
agents, one or more gene replacement therapies, one or more substrale
reduction therapies, or one or more chaperone therapies. Suiiable cAMP
glevators include, but are not limited to, the following types of therapeutic
agents: an adenylale cyclase activator, a PDE inhibitor, a Toll-like receptor
tigand, a calcium activator, a protein kinase A aclivator, a protein kinase C
activator, a beitaZ-adrenergic receptor agonist, or a adenylale cyclase foxin.
Each of these types of CAMP elevalors are described in more detail below.
Adenylate Cyclase Activity

Adenyiate cyciase is an enzyme thal synthesizes cAMP from ATP.
There are at least nine iscforms of adenviate cyclase, which differ
considerably in regulatory properties and are differentially expressed among
tissues [47, 48], Early studies indicated that cyclase activity was regulated
primarily by interactions with alpha subunits of heterotrimeric G proteins,
which are activated through G protein-coupled receptors. More recently, it has
become clear that cyclase activity is regulated by multiple effectors, which
include not only the alpha subunits of Gs and G proteins, but also the beta-
gamma subunits of G proteins and protein kinase C. Five of the adenylaie
cyclases known are regulated by calcium [48, 50. All known adenyiate
cyclases are stimulated by exposure of cells to forskolin.

Any compound or agent that enhances adenylate cyclase activity in
vive 1o elevate intraceliular levels of cAMP can be used in methods and
compositions of the invention. Exemplary adenylate cyclase activators
include, but are not limited to, the labdane diterpenes, such as forskolin or a
derivative or analog thereof, pyrazole derivatives, benzyioxybenzaldehyde
analog, G-protein coupled receptor agonists, and G-protein activators.

Thus, in one embodiment, the cAMP elevator for use within the
methods and compositions of the invention is a labdane diterpene such as
fabdane, forskolin, or a forskolin derivative or analog. The chemical structure

for labdane is depicted below:
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The chemical structure of forskolin is depicted below:
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Other labdane diterpenes are known to those of skill in the art and can
also be used as cyclic AMP elevators within the scope used herein and
include those disclosed in U.S. Patent No. 5288471 o de Soura, US.
FPatent No. 5,789 439 {o Hosono, U.S. Patent No. 4,517,200 to Kreuiner, U.S.
Patent No. 5,869,523 o de Souza, U.S. Patent No. 5,350,864 o Seamon,
U.S. Patent No. 4,871,764 to Schuiske. Pharmaceutically acceptable salts of
the labdane diterpenes are also included herein.

Other adenylate cyclase aclivators for use in the methods and
compaositions of the invention include, but are not limited {o, G-protein coupled
receptor agonists and G-protein activators. Adenylate cyclase in mammalian
cells is normally aclivated by the stimulatory regulatory protein Gs and
guanosine triphosphate (GTP); however, the actlivation is normally brief
because an inhibitory reguiatory protein (G hydrolyzes the GTP. Cholera
toxin and pertussis toxin catalyze the covalent incorporation of ADF-ribose
into the G-protein o-subunit [51-54].  The pertussis toxin A subunit catalyzes
the ADP-ribosylation of G; at a site that impairs the ability of this heterotrimeric

G-protein to interact with receptors, thereby blocking the inhibitory effects of
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Gy on adenyiate cyclase. In this manner, the conversion of ATF to cAMP is
stimulated. The cholera toxin A subunit catalyzes the altachment of ADP-
ribose to G; in @ manner that stabilizes the GTP-bound form resulling in
persistent aclivation of adenviate cyclase. Purified subunits of these toxins
{e.g., cholera toxin A subunit) have also been shown to activate adenyiate
cyclase.

Accordingly, suitable G-protein coupled receptor agonists for use in the
methods and compositions of the invention include, but are not limited to, a
catecholamine, dopamine, dobutamine, isoproterencl, adenosine, carbacydlin,
endothelin, epinephrine, glucagon, ociopamine, pituifary adenyiate cyclase-
activating peptide (PACAP), parathyroid hormone, prostaglandin, and
vasopressin.  Exemplary G-protein activators for use in the methods and
compositions of the invention include, but are not limited o, cholera toxin or a
subunit thereof and pertussis toxin or a subunit thereof.

Stilt further adenylate cyclase activators for use in the methods and
compositions of the invention include the pyrazole derivative AD2011-1 [55]

and benzyloxybenzaldehyde and analogs thereof [56].

PDE inhibitors

A cAMP elevator for use in the methods and compositions of the
present invention can be a PDE inhibitor.  Cyclic  nuclectide
phosphodiesterases (PDEs) are enzymes that reqgulate the cellular levels of
the second messengers, cAMP and cGMP, by controlling their rates of
degradation. There are 11 different PDE families, with esach family having
differeni selectivities for cyciic nucleotide substraies as follows: PDET
{CAMP/cGMP), PDEZ (cAMP/cGMP), PDES (cAMP>>cGMP), PDE4 (cAMP),
PDES (cGMP), PDES (cGMP), PDE7 (cAMP), PDES (cAMP), PDES (cGMP),
PDE1O (cAMP/cGMP), and PDE11 (cAMP/cGMP).

Both nonspecific and selective or partially selective PDE inhibitors are
Known and can be used within the methods and compositions of the present
invention. For example, the non-specific PDE inhibitor, 3-isobuiyl-1-
methyixanthine (IBMX), has been shown to significantly increase infraceliular
cAMP levels in human bladder epithelial cells compared o unireated controls

[571. Other non-specific PDE inhibifors include, but are not limited fo,
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theophvlling, theobroming, aminophylline, pentoxifyliine, and caffeine and
other methyl xanthine and non-xanthine derivatives.

Selective or partially selective PDE inhibitors for use in the methods
and compositions of the invention include, but are not limited to, Vinpocetine
{e.g., INTELECTOL®) (available from, e.g., Covex Pharma Inc., Miami,
Florida); Nicardipine HCI (available from, e.g., Par Pharmaceutical
Companies, Inc., Spring Valley, New York); &8-MeOM-IBMX (8
methoxymethyl-3-isobutyl-1-methylxanthine) {available from Biomol
international LP, Plymouth Meeting, Pennsylvania), EHNA {(erythro-9-(2-
hydroxy-3-nonyhadenine) (available from, e.g., A.G. Scientific, San Diego,
California); IC933 (see, e.g., [88]); 2-(3,4-Dimethoxybenzyly-7-[(1R)-1-[(1R)-1-
hydroxyethyll-4-phenvibutyl]-5-methylimidazo[5,1-f1,2 4lirazin-4(3H)-one
(Bay 60-7550) (available from, e.g., Axxora, LLC, San Diego, California);
Lixazinone (available from Syntex Corporation, Paio Alto, California);
Cilostamide (available from, e.g., Sigma-Aldrich, Co., &t Louis, Missouri);
Milrinone (2.g., PRIMACOR®, discontinued by Sanofi-Aventis, Bridgewater,
New Jersey) {(available from, e.g., Haorui Pharma-Chem, inc., Edison, New
Jersey), Cilostazol (avaiiable from, e.g., Mylan Pharmaceuticals, Inc.,
Morgantown, West Virginia); OPC-33540 (8-[3-[3-cyclooctyl-3-[(1R* 2R*}-2-
hydroxycyclohexylureidol-propoxy}-2(1H)-quinolinone) (see (590,
Dihydropyridazinone (for representative derivatives thereof, see U8, Patent
No. 4,921,856 to Schickaneder et al); Sildenafil citrate (e.g., VIAGRA®,
available from Pfizer, Inc., New York, New York); Zaprinast (available from,
eq., AG Scentific, San Diego, California); Dipyridamole (e.g.,
PERSANTINE®, available from Boshringer ingelheim Pharmaceuticals, Inc.,
Ridgefield, Conneclicut); ARIFLO®  (cilomilast) (available  from
GlaxoSmithkline, Research Triangle Park, North Carolina); Vardenafil HCI
(LEVITRA®) (available from Schering Corporation, Kenilworth, New Jersey);
Tadalafil (CIALIS®) (available from Lilly ICOS LLC, Indianapolis, indiana);
E4021 (sodium 1-[6-chioro-4-(3,4-methylenedioxybenzyl)-aminoguinazolin-2-
yl] piperidine-4- carboxylate sesquihydrate) (available from Eisai Co., Lid.,
Tokyo, Japany, DMPPO {1,3-dimethyl-8-(2-propoxy-5-
methanesulfonylamidophenylpyrazol[3 4d]-pyrimidin-4-(5H)-one)  (available
from GlaxoSmithKline, Les Ulis, France); 3-(N,N-dimethylsuifonamido)-4-

16

PCT/US2016/025215



WO 2016/161086

16

20

methyl-nitrobenzene (BRL 50481 Biomol International LP, Plymouth Mesting,
Pennsylvania);, 1C242 (available from Lilly ICOS LLC, Indianapoiis, Indiana);
BMS-586353 (available from Bristol-Myers Squibb Company, New York, New
York);, Thiadiazoles; SCH 51866  (cis-5,6a,7,8,9,9a-hexahydro-2-{(4-
{trifiucromethyphenyimethyl)-5-methyl-cyclopent{4 Bimidazo(2,1-bipurin-

4(3H)-one) {(available from Schering-Plough Corporation, Kenilworth, New
Jersey); and Papaverine (available under several brand names, depending on
which salt is desired) (available from, s.g., MP Biomedicals, inc., lrvine,
California). A summary of the selectivity profiles of these compounds for

different members of the PDE family is provided in Table 1.

Table 1. Selective or Partially-Selective PDE Inhibitors.

PDE Compounds
Family

PDE1 Vinpocetine , Nicardipine , 8-MeOM-IBMX, nimodipine, 10224,
IC295, dioclein

PDEZ EHNA, 1C933, Bay 607550, PDP, oxindole, ND7011

FDE3 Lixazinong , Cilostamide, Milrinone, Cilostazol, OPC-33540,
Dihydropyridazinone, siguazodan,

PDE4 Rolipram, Ro 20-1724, Denbufyliine, Cilomilast, Roflumilast,
SCH 351591, V11284A, AWD 12-281,
L-828,141, NCS 813

FDES Sildenafil, Zaprinast, Dipyridamole, Vardenafil, Tadalafil,
E4021, DMPPO

FPDES Zaprinast, Dipyridamole, Vardenafil, Tadalafil, E4021, DMPPO

PDEY Dipyridamole, BRL 50481, 1C242, BMS-586353, Thiadiazoles,
ASB16165

FDES Dipyridamole, PF-04957325

PDES Zaprinast, SCH 51866, BAY-73-6691, PF-044447943

PDE1D Dipyridamole, Papavering, TF-10, MP-10

PDE11 Tadalafil, Zaprinast, Dipyridamole

in another embodiment, a PDE inhibitor for is a cAMP-specific PRE
inhibitor. In one embodiment, the cAMP-specific inhibitor is a PDE3 inhibitor,
a PDE4 inhibitor, a PDE7Y inhibitor, or a PDES8 inhibitor, including, bui not
fimited to, compounds described above and summarized in Table 1.

PDES is significantly expressed in cardiac and vascular myocytes,
brain, and liver but not in skeletal muscle [30,31]. PDE4 is expressed widely in

most tissues but is the predominant PDE isoenzymes in skeletal muscle and
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most immune cells. PDE4 is also present at relatively high levels in liver,
heart, brain, smooth muscle, and vascular endothelium cells
[30,31,32,33,34,35]. PDE7Y is highly expressed in immune system, skeletal
muscle, heart, liver, and also found in brain, kidney, and lung [30,311. PDES is
expressed in tesies, cardiomyocytes, thyroid gland | brain, and adrenal gland
[36].

The cAMP-specific PDE inhibitor can be a PDE4 inhibilor. The PDE4
family encompasses four subtypes, which are designated PDE4 A, PDE4 B,
PDE4 C, and PDE4 D and differ in their regulatory behavior and tissue
expression pattermns. PDE4 inhibitors exhibit struciural diversity and include
compounds as described above in Table 1, as well as xanthine derivatives,
such as arofylline {available from Almirall Prodesfarma, S.A) and cipamiyiline
(GlaxoSmithKline, Research Triangle Park, North Carolina); catechol
derivatives, such as rolipram (EMD Biosciences, San Diego, California), Ro
20-1724 (A.G. Scientific, inc, San Diego, California), piciamilast, cilomilast
(ARIFLO®, GlaxoSmithKline, Research Triangle Park, North Carolina),
roflumilast (Altana Pharma, Germany), and atizoram; indole derivatives, such
as AWD 12-281 (Elbion AG, Germany), and thalidomide derivatives, such as
CC-10004 (Ceigene Corporation, Summit, New Jersey). Such PDE4
inhibitors are described, for example, in [60], which is incorporated herein by
reference in iis entirety.

Stilt further PDE4 inhibitors that can be used within the methods and
compositions of the invention include CC-10015 (available from Celgene
Corporation), 4AZA-PDE4i (available from Elbion NV), ELB353 (available
from Eibion NV), ELB326 (available from Elbion NV), GRC 4039 (available
from Glenmark Pharmaceuticals Limited), GRC 4038 {(available from
Glenmark Pharmaceuticals Limited), HPL4088 (available from Inflazyme
Pharmaceuticals Lid.), MEM 1817 (available from Memory Pharmaceuticais
Corp), PLX383 / PDE 4 inhibitor (available from Plexxikon inc), AVES112
(available from Sanofi-Aventis), Theophylline (available from SCOLR Pharma
inc), Oglemilast (available from Teijin Pharma Limited), Oglemilast / GRC
3886 (available from Teijin Pharma Limited), Z15370A (availabie from
Zambon Group), LAS 37779 {(available from Almirall Prodesfarma, S.A),

Atopik (available from Barrier Therapeutics Inc), CC-11050 (available from
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Celgene Corporation), 256066 (available from GlaxeSmithKiine pic), NiK-616
(available from Kowa Co., Lid), MEM 1414 (available from Memory
Pharmaceuticals Corp), AWD 12-281 /7 GW842470 (available from Eibion NV},
Oglemilast (available from Forest Laboratories Inc), 256066 (available from
GlaxoSmithKline pic), GW8B42470 / AWD  12-281 (available from
GlaxoSmithKline ple), Oglemilast (available from Glenmark Pharmaceuticals
Limited), 1PL455803 / HT-0712 (available from Helicon Therapeutics, ing),
IPL4A55 903 / HT-0712 (available from Inflazyme Pharmaceuticals Lid), MN-
166 (ibudilast) {(available from MediciNova Inc), OFC-6535 (available from
Otsuka America Pharmaceutical, Inc.), Tofimilast (available from Pfizer Ing),
Daxas (roflumilast) / APTA-2217 (available from Nycomed), OPC-8535
{available from Otsuka America Pharmaceutical, Inc), Daxas (roflumilast) /
APTA-2217 (available from Tanabe Seiyaku Co., Lid)), Theolair (theophylline)
(available from 3M Company), Dot (drotaverine hydrochloride) (available from
Acme Laboratories Lid), Thenglate (theophylline) (available from Acme
Laboratories Lid), Pulmophylliin (theophylliing) (available from Adcock ingram
Limited), Solphyilex (theophylline, etofulline, diphenyipyraline hydrochloride,
ammonium chioride and sodium citrate) (available from Adcock Ingram
Limited), Solphyllin (theophyline and etofylline) (available from Adcock
ingram Limited), Baladex ({(theophvliine, guaifenesin} (available from
AFLOFARM), Taverine (drotaverine} (available from Ajanta Pharma Limited),
Etafin (acepifyliine) (available from Aleppo Pharmaceutical industries, L.L.C ),
Theo-dur (theophylling) (available from Almirall Frodesfarma, S.A), No-spa
(drotaverine hydrochioride) (available from Ambee Pharmaceuticals Lid),
Contine (theophyiline) (available from Aristopharma Lid.}, Etophyliine plus
Theophylline (available from Arvind Remedies Lid), Bitophylin (theophylline
and guaifenesin) {(available from BARAKAT Pharmaceutical Industries),
Theophyiline {available from Barr Pharmaceuticails inc), Theolin (theophyiiine
anhydrous) (available from Beacons Pharmaceuticals Ple Lid), Theophyviline
(theophylline anhydrous) (available from Beacons Pharmaceuticals Fte Lid),
Dyphylin Injection (etophviline and theophyliing) (available from BELCO
Pharma.), Theospirex (theophyliine anhydrous) {available from BIOFARM Sp.
Z 0.03, Asima (doxofilineg) (available from Bukwang Pharmaceutical

Company Limited), Theobid Tablets (theophylline) (available from Cipla Ltd.),
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Theoday Tablets (theophylline) (available from Cipla Lid.}, Theoped Syrup
(theophylling) (available from Cipla Lid.), Bronchipret (theophyline) (available
from Darya-Varia), Frivent (theophyiline) (available from Dompe S.p.Al),
Trospa (available from Dr Reddys Laboratories Ltd), Theo-Dur (theophylline)
{available from Elan Corp Plc), Dotarin (drotaverine hydrochloride) (available
from Elder), Gulamyl (theophyliine and guaiphenesin) (available from ELPEN
Pharmaceutical Co. Inc.), Drotaverine hydrochloride (available from ELSaad
Pharmaceutical industries}, Theophylline {(available from Eurand}, Puroxan
(doxofyiline) (available from Euwrodrug Laboratories), Choledyl (choline
theophyllinate, theophylline) (available from Galenica s.a), Drotaverine-
Grindeks {drotaverine) (available from Grindeks), Tromphylin (theophylline)
{available from Grupe Ferrer), Hesotano! (etophylline nicotinate} (available
from HanAll Pharmaceutical), Neophin (diethylaminoethy! theophyliing)
{available from HanAll Pharmaceutical), Arutopa (acepifyiling) (available from
Hawon Pharmaceutical Corporation), Theophylline (available from indchemie
Health Specigliies Pyt Lid), Theophylline and Etophylliine (available from
Indchemie Health Specialities Pvt. Lid), Doverin (drotaverine) (available from
intas Pharmaceuticals Lid.), Buphylliinum-N {theophvliine} (available from JSC
Farmak International), Theophar (theophylline) (available from Julphar), Draw
{drotaverine} ({available from Kamron Laboratories Lid), Quibron-T
{theophyiline) (available from King Pharmaceuticals Inc), Quibron-T/SR
{(theophylline anhydrous) (available from King Pharmaceuticals Inc}, Theodur
(theophylline} / Theodrip ({(available from Kowa Co., Lid}, Teolard
(theophylling) (available from Krka, d. d), Theolan-B SR (theophylliine)
(available from KunWha Pharmaceutical Co., Ltd), Hespil {acepifviline)
{available from Kyung Dong Pharma. Co., Lid.), Theophylline monchydrate
(available from Laboratoires SMB SA), Sedacris (theophylline, guaifenesin)
{(available from Laboratorio Elea SACIFYA), Aminofilin (theophyilin) (available
from Laboratorios Phoenix), Dexa aminofilin (dexamethasone and
theophvlline) (available from Laboralorios Phoenix), Dexa tecsona
(dexamethasone and theophvlline) (available from Laboratorios Phoenix),
inastmol (ketotifen and theophviline) (available from Laboraiorios Phoenix),
Teoscona (theophviline) (available from Laboratorios Phoenix), Theodur

(theophylline) (available from Lavipharm Group), Spacovin Injection
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(drotaverine) (available from M.J. Group), Drotikind (drotaverine
hydrochloride) (available from Mankind Pharma Lid), Ranispas-DV
{(drotaverine, omeprazole hydrocholoride) (available from Mankind Pharma
Lid.y, Drot (drotaverine hydrochioride) (available from Mapra Laboratories Pyt
Lid.}, Theodur (theophyiling) (available from Mitsubishi Pharma Corporation),
Uniphyilin continus (theophylline) (available from Mundipharma International
Limited}, Unicon / Uniphyl (theophyliine) (available from Mundipharma KK},
Uniphyilin Continus (theophyiline) (available from Napp Pharmaceuticals
Limited}, Theonat (theophylline) (available from Natco Pharma Limited),
Theophyiline {(available from Naico Pharma Limited), Xima {theophyliine and
gtophyiline) (available from Neon Laboratories Lid}, Unicon (theophylline)
{available from Nichi-ike Pharmaceutical Co., Litd {formerly Nihon lyakuhin
Kogyo Co., Lid)), Teokap SR (theophyliing) (available from Nobel llac Sanayii
ve Ticaret A8}, Compound theophyiline (available from North China
Pharmaceutical Group Corp), Euphyllin/BEuphyiong (theophylliine) (avaiiable
from Nycomed), Orophil (efofyliin, theophyllin} (available from Ortin
Laboratories Limited), Teosona SOL (theophylline) (available from Osmotica
Pharmaceutical Corp), Synaclyn (theophylliine) (available from Otsuka
Fharmaceutical Co., Ltd), Uniphyl (theophvliine) (available from Otsuka
FPharmaceutical Co., Ltd.), Choledyl SA (oxiriphyliing) (available from Pfizer
inc), Farcophyliine (piperazine theophvlline ethanocate) (available from Pharco
Pharmaceuticals Inc), Farcosolvin (ambroxol hydrochloric acid, guaiphenesin
and theophyliine anhydrous) {available from Pharco Pharmacsuticals inc),
Remind {(hexobendine dihydrochioride, elofyliine and ethamivan) (avallable
from Pharco Pharmaceuticals inc), Theofar S.R (anhydrous theophyiline)
{available from Pharco Pharmaceuticals Inc), Pharmaniaga theophyiline
(theophvlline) (available from Pharmaniaga Berhad), pms-Oxytriphylline
{oxytriphviline) (available from Pharmascience Inc.), Retaphyl (theophyiline)
{available from PT Kimia Farma Tpk), T-phyl ¢theophvliine) (available from
Purdue Pharma L.P), Uniphyl (theophylline) (avsilable from Purdue Pharma
L.P), Teofilina (theophvlliine) (available from Ranbaxy Laboraiories Lid),
Theostan-CR (theophyline) (available from Ranbaxy Laboratories Lid.), Theo-
dur (theophyiline) (available from Recordati SpA), Glyphiliin (theophyiline

sodium glycinate) {available from Rekah Pharmaceutical industry Lid), No
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Spa (drotaverineg) (available from Sanofi-Aventis), Relispa (drotaverine
hydrochloride) (available from Searle Pakistan Pvt. LTD.), Respro SR
(theophylline) (available from Searle Pakistan Pyt LTD.), Theotard
{theophyiline) (available from Sopharma J8Co.), Asmanyl SR (theophylline)
(available from Square Pharmaceuticals Lid), Espa (drotaverine
hydrochloride) (available from Square Pharmaceuticals Lid), Broncolin
{guaiacol and theophylline} (available from Standard Chem. & Pharm.), TR
Phyllin (theophvliine) (available from Sun Pharmaceutical Industries Lid),
Theophylline (available from Themis Laboratories Private Lid), Teofurmate L
(theophylline) (available from Towa Pharmaceutical Co., Lid), Teofurmaie
Dry Syrup (theophyliine) (available from Towa Pharmaceutical Co., Ltd),
Theophylline (available from United Research Laboratories and Mutual
FPharmaceutical Company), E T.phyliin (etophviline, theophylline) (available
from Vanguard Therapeutics), Vero-Droiavering (drotavering) (available from
Veropharm), Lungfyl SR Tablet (available from Yash Pharma Laboratories
Lid), Deoprin retard {theophyliing) (available from Yooyoung Pharmaceutical
Co., Lid), Soluphin (diethylaminoehtyl theophyliine hydrochloride) (available
from YOOYOUNG Pharmaceutical Co., Lid.), Green (guaiacol glycery! ether,
theophylline sodium glycinate) (available from Yung shin Fharmaceutical),
Sentin {(diprophyliine} (available from Yung shin Pharmaceutical), Spophyllin
retard (itheophviline) (available from Zentiva, a.s. (formerly Leciva a.s.}),
Theolate Liguid (theophviline and guaifenesin) (available from Alpharma Inc),
Theophylline Elixir (theophylline) {(available from Alpharma Inc), 1C485
(available from Array BioPharma Inc), Lirimilast (available from Baver Ag),
Mesopram (available from Bayer Schering Pharma AG), CC 7085 (available
from Celgene Corporation), CC-10004 (available from Celgene Corporation),
CC-1088 (available from Celgene Corporation), CC-1088 (available from
Celgene Corporation), CDC-298 (available from Celgene Corporation), AWD
12-281 / GWB42470 (available from Elbion NV), iC485 (available from El Lilly
& Coj, Ariflo (available from GlaxeSmithKline pic), GW842470 / AWD 12-281
(available from GlaxoSmithidline plcy, GRC 3015 (available from Glenmark
Pharmaceuticals  Limited), GRC 35686 (available from Glenmark
Pharmaceuticals  Limited), GRC 3580 (available from Glenmark

Pharmaceuticals  Limited), GRC-3785 (available from  Glenmark
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Pharmaceuticals Limited), KW-44580 (available from Kyowa Hakko Kogyo Co.,
Lid), MEM 1414 (available from Memory Pharmaceuticals Corp), CDP 840
(available from Merck & Co Inc), (MRK)ND1251 (available from Neuro3d),
ONQOC-6128 (available from Ono Pharmaceutical Co., Lid.), Daxas (roflumilast)
{available from Plizer Inc), MEM 1414 (available from Roche Holdings Lid),
MEM 1917 (available from Roche Holdings Lid), CDP-840 (available from
UCB S.A)), CT-5357 (available from UCB 8.A)), ONG-6126 (available from
Ono Pharmaceutical Co., Lid)}, and ONO-8126 (available from Santen
Pharmaceutical Co., Lid.).

Based on the predominant tissue distribution paitern of each PDE, a
combination of PDE4 inhibitors and PDE?7 inhibitors can be used for
correcting glycogen storage in skeletal muscle and the brain. Similarly, a
combination of PDE4 and PDES3 inhibitors can be combined to enhance the
therapeuiic efficacy in the liver and heart.

Toll-Like Receptor Ligands

In ancther embodiment, the cAMP slevator for use in the methods and
compositions of the present inveniion is a Toll-like receptor ligand. Toli-iike
recepiors are a class of single membrane-spanning non-catalytic receptors
that recognize structurally conserved molecules derived from microbes once
they have breached physical barriers such as the skin or urinary tract mucosa
and activate immune cell responses. The Toll-like receptor family has been
described as type | transmembrane pattern recognition receptors that possess
varying numbers of extracellular N-terminal lsucine-rich repeatl motifs,
followed by a cysteine-rich region, @ TM domain, and an intraceliular Toll/lL-1
R (TIR) motif. [61-87]. The lsucine-rich repeat domain is important for ligand
binding and associated signaling and the TIR domain is important in protein-
protein interactions and is typically associated with innate immunity. [68-71].
The human TLR family is composed of at least 10 members, each of which is
specific in its expression patterns and pathogen-associated molecular pattern
sensitivities. [72-73].

Toli-like receptor ligands that activate the TLR pathway thus represent
other cAMP elevators useful in the present inveniion. Exemplary Toll-like
receptor ligands for use within the methods and compositions of the invention
include, but are not limited to, lipopolysaccharide (LPS), 1-palmitoyl-2-
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finolecyl-sn-glycero-3-phosphocholine (plLPC), lipoteichoic acid (LTA), and
flageliin,
Calcium lonophores

in some embodiments, the cAMP elevator for use within the methods
and compositions of the invention is a calcium ionophore.  Calcium
ionophores act as calcium activators and include, but are not limited {o,
ionomycin calcium salis (Sigma) or A23187 (Sigma) (see also, [74-75]).
Activators of Protein Kinase A and Protein Kinase C

In other embodiments, the cAMP elevator for use within the methods
and compositions of the invention is an aclivator of protein kinase A. Suitable
protein kinase A (PKA) activators include, but are not limited to, 8-Bnz-cAMP,
8-CPT-2-0O-Me-cAMP,  8-CPT-cAMP, 8-Bromo-cAMP, Dibutyryl-cAMP,
Dioctanoyl-cAMP, Sp-8-Br-cAMPS, Sp-cAMPS, cAMP, and a PKA subunit.

Ancther suifable cAMP elevator for use in the metheds and
compositions of the present invention is an activator of protein kinase C
(PKC). Protein kinase C is a ubiquitous phospholipid-dependent enzyme that
is invoived in signal ftransduction associated with cell proliferation,
differentiation, and apoptosis. At least eleven closely related PKC isozymes
have been reported that differ in their structure, biochemical properties, tissue
distribution, subcellular localization, and subsirate specificity [76-83]. They are
classified as conventional, novel, and atypical isczymes. Conventional PKC
isozymes are Ca®’-dependent, while novel and atypical isozymes do not
require Ca?' for their activation. All but the atypical PKC isozymes are
activated by diacylglycerol (DAG). Membrane receptor binding of a hormone
or other effector molecule resulls in activation of phospholipase C (PLC) or
phospholipase Az (PLAy) via a G-protein-dependent phenomenon. The
activated PLC hydrolyzes phosphatidylinositol-4, 5-hisphosphate (PiP,) to
produce DAG and inositol-1,4,5-trisphosphate (IP3;).  The IP; causes the
release of endogenous Ca®* that binds to the cytosolic PKC and exposes the
phospholipid-binding site.  The binding of Ca® translocates FKC to the
membrane, where it interacts with DAG and is transformed into a fully active
enzyme.

in particular, PKC activators potentiate forskolin-induced cAMP

formation. In some embodiments, the PKC activator for use within the
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methods and compositions of the invention is phorbol myristate acetate (PMA)
or a PKC purified enzyme.
Beta2-Adrenergic Receptor Agonisis

BetaZ-adrenergic agonists, also known as bata2-adrenergic recepior
agonists, act on belaZ-adrenergic receptors. B adrenergic receptors are
coupled to a stimulatory G protein of adenvlyl cyclase. This enzyme produces
the second messenger cyclic adenosine monophosphate{cAMP). beta2-
adrenergic agonists therefore can increase cAMP production

Examples of betaZ-adrensrgic agonists include, for example, bitolterol,
fencierol, isoprenaline, levosalbutamol, orciprenaline, pirbuterol, procatero,
rifedrine, salbutamol,  terbutaiine, arformotersl, bambulersl, clenbutergl,
formoterol, salmeterol, indacaterol, olodaterol, vilanterol, vilanterol with
umeclidinium bromide, vilanterol with fluticasone furoate, zilpaterol.
Adenylate Cyclase Toxin

Adenylate cyclase toxin represents another type of cAMP elevator for
use in the methods and compositions of the present invention. Adenyiate
cyclase foxin is a single polypeptide A/B-type bacterial ioxin that has the
ability to interact with targst cells, insert into the cyioplasmic membrane, and
deliver its adenylale cyclase enzymatic domain to the cell interior [84-85)
Once entry has occurred, the enzymatic activity of the toxin produces cAMP
from host cell ATP [86]. Accordingly, a further cAMP elevator thai can be
used in the methods and compositions of the present invention is adenviate
cyclase toxin.
Methods of Treating GSD and Conditions with Accumulation of
Glycogen

The terms, "treat” and "treatment” as used hersin, refer fo the
application or administration of one or more cAMP elevators or agents that
mimic cAMP to an individual having one of the G8Ds or other conditions
where there is a build of glycogen. The terms, "reat” and "reatment,” as used
herein, also refer 1o amelioration of one or more symptoms associated with
the diseases, prevention or delay of the onset of one or more symptoms of the
diseases, and/or lessening of the severity or frequency of one or more
symptoms of the diseases. For example, treatment can refer to improvement

of liver {e.q., improvement of liver enzymes, prevention of the progressive
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fibrosis, reduction of liver size, and stabilization of the disease), improvement
of muscle funclion (e.g., prevention of progressive myopathy, increase in
muscle strength, increase in funclion and activities of daily living);
improvement of cardiac status (e.g., prevention of ventricular hypertrophy,
cardiomyopathy, and rhythm disturbances); improvement in
neurodevelopment and/or motor skilis (e.g., increase in AIMS score and
functional measures such as 6MWT); reduction of givcogen levels in tissue of
the individual affected by the diseases; or any combination of these effects.
The terms, "improve,” "increase” or "reduce," as used herein, indicate valuss
that are relative {0 a baseline measurement, such as a measurement in the
same individual prior to initiation of the treatment described herein, or a
measurement in a control individual {or multiple contrel individuals) in the
absence of the treatment described herein. A control individual is an individual
afflicted with the same typefform and stage of G8D as the individual being
treated, who is about the same age as the individual being treated (lo ensure
that the stages of the disease in the treasted individua!l and the control
individual(s) are comparable}. A vaiue relalive to baseline can improve or
increase by about 3, §, 10, 20, 30, 40, 50, 80, 70, 80, 90, 100% or more. A
value relative to basseline can improve or decrease by about 3, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100% or more.

The individual being treated can be an individual (fetus, child,
adolescent, or adult human) having a certain type of G5Ds (e, type i, U, Hi,
iV, V. VL VL X X X, X, XY, Lafora disease, Fanconi-Bickel disease,
Danon disease, PRKAG2 cardiac syndrome, efc). An individual can also
have a condition where there is a secondary build-up of glycogen. Such
conditions include, for example, Niemann-Pick Disease [87] Niemann-Fick
Disease encompasses a group of lysosomal storage diseases that affect
metabolism and are caused by genelic mutations. The most common forms of
Niemann-Pick Types A and B (ASMD or Acid Spingomyelinase Deficiency)
and Niemann-Pick Disease Type C (NPC). Other conditions with a secondary
buildup of glycogen include, for example, GSD X {phosphoglycerate mutase
deficiency, increased glycogen in muscle), phosphoglycerate kinase

deficiency (increased giycogen in muscle); RBCK1 deficiency (polyglucosan
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body myopathy caused by deficiency of ubiquitin ligase RBCK1, polyglucosan
body); and GSD XV (Glycogenin-1 deficiency,; polyglucosan body).

The individual can have residual {partial ioss) enzyme activity, or no
measurable (complete loss) enzyme aclivity. The term “subject” refers to any
organism to which the presently disclosed treatment metheds and
pharmaceutical compositions can be administered. in specific embodiments,
a subject is a mammal. In other embodimenis, a subject is a primaie, a
human, a domestic animal, or an agricultural animal. A subject can include a
human subject for medical purposes, such as freatment of a condition or
disease, or an animal subject for medical, velerinary purposes, or
developmental purposes. Suitable animal subjects include mammals and
avians. The term “avian” as used herein inchludes, but is not limited fo,
chickens, ducks, geese, quail, turkeys, and pheasanis. The term “mammal” as
used herein includes, but is not limited to, primates, e.g., humans, monkeys,
apes, and the like; bovines, e.g., catlle, oxen, and the like, ovines, e.g., sheep
and the like; caprines, €.g., goals and the like; porcinegs, e.g., pigs, hogs, and
the like; equines, e.g., horses, donkeys, zebras, and the like; felines, including
wild and domestic cals; canines, including dogs; lagomorphs, including
rabbits, hares, and the like, and rodents, including mice, rats, and the like.
Thus, in one embodiment the subject is a mammal such as a domestic cat or
dog. In ancther embodimeni the subject is a human. The term subject and
patient are used interchangeably herein.

The therapeutically effective amount of a composition or medicament
can be administered at regular intervals, depending on the nature and extent
of the disease’s effects, and on an ongoing basis. Administration at a "regular
interval," as used herein, indicates that the therapeutically effective amount is
administered periodically {(as distinguished from a one-time dose). The
interval can be determined by standard clinical technigues. A cyclic AMP
elevalor can be administered monthly, every two weeks, weekly, twice
weekly, daily, twice daily, three times daily or more. The administration
interval for a single individual need not be a fixed interval, but can be varied
over time, depending on the needs of the individual.

Pharmacsutical Compaositions and Kits
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The cyclic AMP elevators can be used to make pharmacsutical
compositions. Pharmaceutical compositions comprising the one or more
{e.qg., 1, 2, 3, 4, 5, 8, or more) of the cAMP elevators described above are
provided and can include a pharmaceutically acceptable carrier. A
pharmaceutically acceplable carrier is any carrer suitable for in vivo
administration. Examples of pharmaceutically acceptable carriers suitable for
use in the composition include, but are not limited to, water, buffered
solutions, glucose solutions, cil-based or bacterial culture fluids.  Additional
componenis of the compositions can suitably include, for example, excipients
such as stabilizers, preservatives, diluents, emulsifiers and jubricants.
Examples of pharmaceutically acceptable carriers or diluenis include
stabilizers such as carbohydrates (e.g., sorbitol, mannitol, starch, sucrose,
giucose, dextran), proteins such as albumin or casein, protein-containing
agents such as bovine serum or skimmed milk and buffers (e.g., phosphate
buffer). Especially when such stabilizers are added o the compositions, the
composition is suitable for freeze-drying or spray-drying. The composition
can also be emulsified.

Pharmaceutical compositions including two or more cAMP elevators
{e.g., 2, 3, 4, 5, 6, or more) are provided herein. The two or more CAMP
elevators within the pharmaceutical composition can be from the same class
{or type) of cCAMP elevators; in other embodiments, the two or more cAMP
elevators can be from two or more classes of cAMP elevators. The two or
more cAMP elevalors within the pharmaceutical composition are thus
selected from one or more of the following non-limiting examples of classes of
cAMP elevators: adenyiate cyclase activators, PDE  inhibitors, Toll-like
recepior ligands, calcium ionophores, betaZ-adrenergic receptor agonists,
protein kinase A activators, protein kinase C activators, and adenylate cyclase
toxin.

Where the composition comprising two or more cAMP elevators
comprises a combination of two or more adenylate cyclase aclivators, the
adenylate cyclase activators can be selected from the group consisting of the
labdane diterpenes in one embodiment. In another embodiment, at least one
of the adenvlate cyclase activalors is a labdane diterpene, and the remaining

adenylate cyclase activator(s) is (are) selected from the group consisting of &
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G-protein coupled receptor agonist, a G-protein aclivator, the pyrazole
derivative AGZ011-1 [48], and benzyloxybenzaldehyde and analogs thereof
such as those disclosed in [49].

in another embodiment, the composition comprises two or more cAMP
elevators in therapeutically effective amounts for treating a GSD, and at least
one of the cAMP elevators is an adenylate cyclase achivator, and at least one
of the remaining cAMP elevator(s) is a PDE inhibitor. In further embodiments,
where the composition comprises two or more cAMP elevators, at least one of
the cAMP elevalors is an adenylate cyclase activator, and at least oneg of the
remaining CAMP elevator(s) is a Toli-like receptor ligand, a calcium ionophore,
a protein kinase A activator, a protein kinase C activator, a betaZ-adrenergic
recepior agonisis, or adenylate cvclase toxin.

One or more cAMP elevators can also be administered with one or
more enzyme replacement therapies, gene therapies, chaperone therapies,
or substrate reduction therapies using siRNA/shRNA, anfi-sense
oligonuclectides, or small molecule or peptide drugs. An enzyme replacemant
therapy is any therapy with the purpose of replacing or overcoming an
enzyme deficiency in a subject. Protein based therapies in which one or more
enzymes are provided 1o the subject or to cells in the subject directly is an
enzyme replacement therapy. GSD Il can be treated by administration of acid
aipha-glucosidase. The enzyme replacement therapy can be or can include,
but is not limited {0, administration of acid alpha-glucosidase, glucose-6-
phosphatase, glycogen debranching enzyme, glycogen branching enzyme,
muscle glycogen phosphorylase, liver glycogen phosphorylase, muscle
phosphofructokinase, phosphorylase kinase, glucose fransporier, Aldolase A,
phosphogiucomutase deficiency, LAMP-2, B-enclase, B-glucuronidase,
imiglucerase, agalsidase alpha, agalsidase beta, aglucosidase alpha,
laronidase, idursuiphase, galsulphase, or combinations thereof. The enzyme
replacement therapy and the cAMP elevator can be delivered in a single
pharmaceutical composition or can be administerad in separate compositions.
A chaperone therapy can be added into the single pharmaceutical
composition or can be administered as a separate compaosition.

Also included are RNA or DNA based gene therapies {o restore the

missing or deficient enzyme in the affected celis. Gene therapies include, for
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example, administration of a therapeulic nucleic acid encoding a functional
GAA (for GSD 1), GBPase (for GSD Iy, GBE (for GSD V), GDE (for GSD 1),
or a deficient enzyme or protein in other types of GSDs. The therapeutic
nucleic acid can be delivered, for example, by a viral vector, such as
adenoviruses, adeno-associated viruses (AAVS), lentiviruses, herpes virus,
pox virus, human foamy virus (HFV), or retroviruses, or by a nonviral delivery
plaiform, such as naked DNA vector, lipid/polymer- or nanoparticle-based
nucleic acid delivery systems, eic.

Methods of inhibiting glycogen synthase {substrate reduction therapy)
inciude, but are not limited o an RNAI-based therapy using small interference
RNA (siRNA) or short hairpin RNA (shRNA)}, an antisense therapy using an
anti-sense oligonuclectide (ASQO), or therapies using small molecules or
peptides. For example, inhibition of glycogen synthesis by shRNA mediated
gene silencing of giycogen synthase (GYS) and glycogenin (GYQG), the two
major enzymes involved in glycogen synthesis, led to a decrease in
cytoplasmic and lysosomal ghycogen accumulation, and a strong reduction in
the lysosomal size in primary muscle cells from Pompe disease {GAA-KO)
mice. Intramuscular injection of an AAV vector expressing GYS-shRNA into
newborn GAA-KO mice significantly reduced muscle glycogen accumulation,
demonsirating the in vivo therapeutic efficacy [37]. In cother examples,
Rapamycin (Sirclimus), a small molecule drug and specific inhibitor of mTOR
{mammalian target of rapamycin}, effectively reduced glycogen accumulation
in GAA-KO (GSD I} mice and GSD Il dogs through inhibition of glycogen
synthase [14,38].

Small molecule inhibitors, such as small molecule inhibitors of
glycosyitransferases can be used in treatment of type 1 Gaucher disease.
Inhibitors of glucosylceramide biosynthesis (Zavesca®) can be used fo freat
Gaucher diseass. siRNAs, shRNAs, anti-sense oligonuclectides, small
molecules and peptides that target glvcogen synthase are known in the art.

A chaperone therapy provides molecules that can assist in the folding
of enzymes or proteins {(e.g., enzymes and proteins provided as part of an
enzyme replacement therapy or gene therapy). The chaperone therapy
molecules can also help the enzymes or proteins retain their catalviic activity,

prevent their recognition by quality control systems in cells that can destroy
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the enzymes or proteins, and provide improved trafficking of the enzymes or
proteins o their final destination. Examples of chaperone therapy include, for
example, the use of 1-deoxy-galactongjirimycin (BGJ), to enhance, for
example, alpha-galactosidase activity in Fabry disease. COther chaperone
therapies include, for example, dimethyl sulfoxide and trimsthylaming A-oxids,
galaciose, A-{n-nonyhideoxynariirimyaoin, MN-{n-butyhdeoxynojirimycin,

deoxyngjirimycin, N3708 and G202R GC pharmacologic chaperonas, Mooty

isofagomine, M-ochl-2 S-didecory-2 B-imino-p-glucitol, o 1-Cenonyi1, 5.
dideoxy-1,5-imino-p-xylitel,  isofagomine, adamantyl  iarminated N-atkyl

isofagomines, 2,8%anhydro-2, 5-imine-Degluciiol derativatives, N-adamantyl-4-
{{3R 4R 5R)-3 d4-dihydroxy-S-(hydroxymethylipiperidin- twyh-butanamide,  N-
octyl-4-epi-B-valienamine,  pyrimethamine, hexosaminidase  inhibitors,
CpGHB839, pyrimethamine, and galactostatin bisulphite.

A cAMP elevator (or more than one cAMP elevator) and an enzyme
replacement therapy or a gense therapy, or chaperone therapy, a substrate
reduction therapy can take many forms. The composiions can be
administered in any order, at the same time or as part of a unitary
compaosition. The two or more compositions can be administered such that
ong composition is administered before the other with a difference in
administration time of 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 16 hours,
20 hours, 1 day, 2 days, 4 days, 7 days, 2 weeks, 4 weeks or more.

The pharmaceutical compositions for treating G3D or other conditions
where there is a build of glycogen in a subject in need thereof that include two
or more cAMP elevators in therapeutically effeclive amounts for treating a
G50 or other condition where there is a build of glycogen, and can include a
pharmaceutically  acceptable carrier. In some embodiments, this
pharmaceutical composition further comprises one or more addilional enzyme
repiacement therapies or chaperone therapies. In ancther embodiment, the
present invention relales to a pharmaceutical composition for treating a
disease or condition in a subject in need thereof that includes at least one
cAMP elevator and one or more enzyme replacement therapies or chaperone
therapies each of which is present in a therapeutically effective amount for
treating a disease or condilion in a subject in need thereof, and a

pharmaceutically acceptable carrier. As used herein the ierm

31

PCT/US2016/025215



WO 2016/161086

16

30

“‘sharmaceutically acceptable carrier” includes solvenis, dispersion media,
coatings, antibacterial and antifungal agenis, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical administration.

An effective amount or a therapeutically sffective amount as used
herein means the amount of a compound that, when administered 10 a subject
for freating GSD or other conditions where there is a builld of glycogen is
sufficient {0 effect a treaiment (as defined above). The therapeutically
effective amount will vary depending on the compounds, formulation or
composition, the disease and Hs severity and the age, weight, physical
condition and responsiveness of the subject to be treated. One of skill in the
art can determing a therapeutically effective amount.

The compositions described herein can be administered by any means
known to those skilled in the art, including, but not limited to, oral, topical,
infranasal, iniradermal, intraperitoneal, parenteral, intravenous, intramuscular,
subcutaneous, intrathecal, transcutaneous, nasopharyngesal, or transmucosal
absorption. Therefore, the compounds can be formulated as an ingestible,
injectable, topical or suppository formulation. The compounds can also be
delivered with in a liposomal or time-release vehicle. Administration of the
compounds 1o a subject in accordance with the invention can exhibit
heneficial effects in a dose-dependent manner. Thus, within broad limits,
administration of larger quantities of the compounds is expecied to achigve
increased beneficial biclogical effects than administration of a smaller amount.
Moreover, efficacy is also contemplated at dosages below the level at which
toxicity is seen.

it will be appreciated that the specific dosage administered in any given
case will be adjusted in accordance with the compound or compounds being
administered, the disease to be treated or inhibited, the condilion of the
subject, and other relevant medical factors that can modify the activily of the
compound or the response of the subject, as is well known by those skilled in
the art. For example, the specific dose for a particular subject depends on
age, body weight, general state of health, diet, the liming and mode of
administration, the rate of excretion, medicaments used in combination and
the severity of the parlicular disorder to which the therapy is applied

Dosages for a given palient can be determined using conventional
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considerations, e.¢., by customary comparison of the differential activities of
the compound of the invention and of a known agent, such as by means of an
appropriaie conventional pharmacological or prophylactic protocol.

The maximal dosage for a subject is the highest dosage that does not
cause undesirable or intolerable side effects. The number of variables in
regard to an individual prophylactic or treatment regimen is large, and a
considerable range of doses is expecied. The route of administration will also
impact the dosage requirements. it is anticipated that dosages of the
compound will reduce symptoms of the condition at least 59%,10%, 20%, 30%,
40%, 50%, 80%, 70%, 80%, 20% or 100% compared io pre-treatment
symptoms or sympioms is leff untreated. It is specifically contemplated that
pharmaceutical preparations and compositions can palliale or alleviate
symptoms of the disease without providing a cure, or, in some embodiments,
can be used o cure the disease or disorder.

A therapeutically effective amount of a cAMP elevator or additional
active compound within the methods and compositions of the present
invention iypically ranges from aboul 1 pg/kg to about 500 mg/kg, about 10
Lg/kg o about 500 mg/kg, about 100 ug/kg to about 500 mg/kg, about 1
mg/kg to about 500 mg /kg, about 1 mg/kg to about 400 mg/kg, about 1 mg/kg
to about 300 mg/kg, about 1 mg/kg to about 200 mg/kg, about 1 mg/kg to
about 100 mg/kg, about 1 mg/kg o about 75 mg/kg, about 1 mg/hg to about
50 mg/kg, or about 1 mg/kg to about 25 mg/kg. In another embodiment, the
therapeutically effective dose of a cAMP elevalor or additional aclive
compound is an amount of about 1 mg/kg, about 2 mg/kg, about 3 mg/kg,
about 4 mg/kg, about § mg/kg, about & mo/kg, about 7 mg/kg, about 8 mg/kg,
about 9 mg/kg, about 10 mg/kg, about 15 mg/kg, about 20 mg/kg, about 25
mg/kg, about 30 mg/kg, about 35 mg/kg, about 40 mg/kg, about 45 mg/kg,
about 50 mg/kg, aboul 55 mg/kyg, about 80 mg/kg, about 85 mg/kg, about 70
mg/kg, about 75 mglkg, about 80 mg/kg, about 85 mg/kg, about 80 mg/kg,
about 85 mg/kg, about 100 mg/kg, about 110 mg/kg, about 120 mg/kg, about
125 mg/kg, about 130 mg/kg, about 140 mg/kg, about 150 mg/kg, about 160
mag/kg, about 170 mg/kg, about 175 mg/kg, about 180 mg/kg, about 180
mg/kg, about 200 mg/kg, aboul 225 mog/kg, about 250 mg/kg, about 275
mg/kg, about 300 mg/kg, about 325 mg/kg, about 350 mg/kg, about 375
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mg/kg, about 400 mg/kg, about 425 mg/kg, about 450 mgrkg, about 475
ma/kg, to about 500 mg/kg. For particular agenis with greater toxicity profiles,
one of skill in the art will appreciate that the therapeutically effective amourt
can be even lower, for example from about 1 ng/kg to about 1 mg/kyg, abowt
50 ng/kg to about 1 mg/kg, about 100 ng/kg to about 1 mg/kg, about 500
ng/kg to about 1 mg /kg, about 1 ug/kg to about 1 mg/kg, about 50 ug/kg to
about 1 mg/kg, about 100 ug/kg to about 1 mg/kg, or about 500 ug/kg to
about 1 mg/kg. In such embodiments, the therapeutically effeclive dose of a
cAME elevator or additional aclive compound is an amount of about 1 ng/kg,
about 5 ng/kg, about 10 ng/kg, about 20 ng/kg, about 30 ng/kg, about 40
no/kg, about 50 ng/kg, about 100 ng/kg, about 200 ng/kg, about 300 ng/kg,
about 400 ng/kg, about 500 ng/kg, about 800 ng/kg, about 700 ng/kg, about
800 ng/kg, about 800 ng/kg, about 1 ug/kg, about 5 ug/kg, about 10 ug/kg,
about 20 ug/kyg, about 30 ug/kg, aboui 40 ug/kg, about 50 ug/kg, about 100
uo/kg, about 200 ug/kg, about 300 ug/kg, about 400 ug/kg, about 500 ug/kg,
about 800 ug/kg, about 700 ug/kyg, about 800 ug/kg, about 800 ug/kg, about 1
mg/kg, and other such values between about 1 ng/kg and about 1 mg/kg.

Kits comprising one or more cyclic AMP elevators (e.g., about 1, 2, 3,
4 5 8, or more), one or more enzyme replacement therapies or gene
therapies (e.g., 1, 2, 3, 4, 5, 8, or more) and instructions for administering the
cyclic AMP elevator and the enzyme replacement therapy io a subject with a
glycogen slorage disease or condition with a buildup of glycogen are also
provided. The kits can additionally include one or more chaperone therapies
(e.g., 1,2 3, 4,5, 6, or more). The enzyme replacement therapy included in
these kits replaces an enzyme deficient in the glycogen storage disease.

Kits comprising at least one cyclic AMP slevator {g.g., about 1, 2, 3, 4,
5, 6, or more), one or more subsirate reduction therapies {e.q., about 1, 2, 3,
4, 5 6, or more), and instructions for adminisiering the cyclic AMP elevator
and the subsirate reduction therapy to a subject with a glycogen siorage
disease or condition with a buildup of glycogen are also provided.

The present disclosure is not limited 1o the specific details of
consiruction, arrangement of components, or method steps set forth herein.
The compositions and methods disclosed herein are capable of being made,

practiced, used, carried out and/or formed in various ways that will be
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apparent 1o one of skill in the art in light of the disclosure that follows. The
phraseoiogy and terminology used herein is for the purpose of description
only and should not be regarded as limiling to the scope of the claims.
Ordinal indicators, such as first, second, and third, as used in the description
and the claims to refer {0 various structures or method steps, are not meant to
he construed to indicale any specific structures or sieps, or any particular
order or configuration o such siructures or steps. As used herein, the

singular forms "a," "an", and "the" include plural referents unless the confext
clearly dictates otherwise. All methods described herein can be performed in
any suitable order uniess otherwise indicated herein or otherwise ciearly
comtradicied by context. The use of any and all examples, or exemplary
language (e.g., "such as"} provided hersin, is intended merely 1o facilitate the
disclosure and does not imply any limitation on the scope of the disclosure
unless otherwise claimed. No language in the specification, and no siructures
shown in the drawings, should be construed as indicaling that any non-
claimed element is essential to the practice of the disclosad subject matter.
The use herein of the terms “including,” “comprising,” or “having,” and
variations thereof, is meant to encompass the elements listed thereafter and
equivalents thereof, as well as additional elements. Embodimentis recited as

55 i

“including,” “comprising,” or “having” certain elements are also contemplated
as “consisting essentially of” and “consisting of” those certain elements.
Recitation of ranges of valuss herein are merely intended to serve as a
shorthand method of referring individually 10 each separate valuse falling within
the range, uniess otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. For
example, if a concentration rangs is stated as 1% to 50%, i is intended that
values such as 2% 1o 40%, 10% to 30%, or 1% to 3%, etc., are expressly
enumerated in this specification. These are only examples of what is
specifically intended, and all possible combinations of numerical valuss
between and including the lowest valus and the highest value enumerated are
to be considered 1o be expressly stated in this disclosure. Use of the word
“about” 1o describe a particular recited amount or range of amounts is mearnt
to indicate that values very near to the recited amount are included in that

amount, such as values that could or naturally would be accounted for due to

33

PCT/US2016/025215



WO 2016/161086

16

30

manufacturing iclerances, instrument and human error in forming
measurements, and the like. The term “about’ in association with a numerical
value can mean thai the value varies up or down by 5%. For example, for a
value of about 100, means 85 to 105 (or any value between 95 and 105).

No admission is made that any reference, including any non-patent or
patent document cited in this specification, constitutes prior art.  In particular,
it will be understood that, unless otherwise stated, reference to any document
herein does not constitute an admission that any of these documents forms
part of the common general knowledge in the art in the United States or in any
other country. Any discussion of the references states what their authors
assert, and the applicant reserves the right to challenge the accuracy and
pertinence of any of the documents ciled herein.  All references cited herein
are fully incorporated by reference, unless explicitly indicated otherwise. The
present disclosure shall control in the event there are any disparilies beitween
any definitions and/or description found in the cited references.

The following examples are meant only 10 be illustrative and are not

meant as limitations on the scope of the invention or of the appended claims.

EXAMPLES
Exampile 1: Forskolin treatment for GSD {li
Primary muscie celis isolated from skeletal muscle biopsy of a patient
with GSD lia were used o evaluate the in vitro efficacy of Forskolin treatment
for GSD HH [39]. Myoblasts were isolated from skeletal muscle biopsy of a
patient with GS8D Hla and maintained in high-serum growth medium as
described, and differentiation of myoblasts into mature myotubes was induced
in low-serum differentiation medium [39]. Forskolin (Sigma), dissolved in
DMSO at a concentration of 1 mM, was added to the culture medium at a final
concentration of 1 uM (low-dose) or 10 uM (high-dose). Afier 18h, cells were
washed three times with cold phosphate buffered saline and then collected
with a scraper. Glycogen content was defermined in the cell lysates as
previously described [39,40].
Forskolin significantly reduced glycogen levels by 8% at low-dose and
32% at high-dose in the myotubes derived from a G8D llla patient (Figure 2).

This result indicates that Forskolin was capable of reducing glycogen in
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myoctubes from a patient with GSD llla. The results also indicate that 2 higher
dose of Forskolin treatment can further reduce glycogen in GSD L
Example 2: Forskolin treatment for GSD IV,

Fibroblasts from a patient with GSD IV were used to evaluate the in
vitro efficacy of Forskolin treatment. Fibroblast cells were grown to confluency
in DMEM containing 10% FBS [41]. Forskolin was added to the culture
medium at a final concentration of 1 UM (low-dose) or 10 uM (high-dose)}.
After 18 h, the cells were washed three times with cold phosphate buffered
saline and then collected with a scraper. Glycogen content was determined in
the cell iysates.

Forskolin significantly reduced glycogen levels by 28% at low-dose and
15% at high-dose in the GSD IV patient fibroblasts (Figure 3). This result
indicates that lower doses of Forskolin treatment might be favored for
reducing glycogen accumulation in GED 1V,

Example 3: In vitro screening of CAMP elevator drugs

Administration of a cAMP activator drug will induce glycogen
degradation and inhibit glycogen synthesis via PKA aclivation, and hence
reduce cytoplasmic glycogen accumulation in the affected fissues of, for
example, GSD Il and IV patients. PDE inhibifor drugs can be evaluated for
treatment of GED IV and GED I using cellular and animal disease models.

Mouse C2C12 or rat L8 muscle cells and human HepG2 or mouse
AMLAZ liver celis can be used as /n vifro platforms for screening cAMP
glevalor by assessing cAMP changes in muscle and liver, respectively. A
broad conceniration curve for each compound can be determined and cAMP
levels can rapidly be quantified in the cells or media (or both) at different time
points.

For example, candidate PDE inhibitor drugs {i.e., PDE4 inhibitors
Crisaborole, E8005 (RVT 501}, roflumilast (Daliresp), apremilast (Otezla), etc;
PDE3 inhibitors Cilostazol, Pletal (cilostazol), Perfan LV, (enoximone),
Primacor (minnone laclate) etc.; PDE7Y inhibitors BRLS50481, 10242,
ABS16165, etc) can be screened in vitro using C2C12 or Hep(G2 cells
seeded in 12-well plates.

To determine the ability of PDE inhibitors to elevate cAMP in cultured

cells, up to 5 doses (from low to high} of each compound can be ifested in

37

PCT/US2016/025215



WO 2016/161086 PCT/US2016/025215

C2C12 myoblast celis {for screening of PDE4 and PDEY inhibitors) or Hep(G2
liver celis (for screening of PDE3 and PDE4 inhibitors). For each treatment
{n=3 weils), both media and cells can be collecied at different time poinis (i.e.
30 min, 2 h, 8 hr, 12 hr, and 24 hr) to guantify cAMP levels using standard

5 colorimelric cAMP kits. Forskolin can be used as positive control. Data from
the experiment can be used io determine the most effective dose and
responsive time of each compound. Based upon the ability of each candidate
drug to induce cAMP elevation, several compounds from each class of PDE4,
PDE3, and PDE7 inhibitors can be selected for further evaluation.

10 Example 4: Examination of the ability of PDE4 inhibitors to elevate
cAMP and reduce glycogen storage in primary GSD patient fibroblast
cells

it has been reported that PDE4s, but not PDE3 and PDE7, are the

15 dominant isoforms in human fibroblasts [42]. Primary fibroblast cells derived
from patients with GSD IV, GSD 1, and other GSDs can be tested.

For each selected PDE4 inhibitor, the most effective dose to elevale

cellular CAMP, as determined in Example 3, can be used for treatment of GSD

IV ,GSD I, or other types of GSD patient fibroblasts. This experiment can

20 include 3 groups (n= 3 dishes per group):

Group 1. Untreated group ~ no treatment (negative control);
Group 2. Forskolin treatment group — add 1 uM Forskolin (positive control);
Group 3. PDE4 inhibitor at the most effective dose.

GED patient fibroblast celis can be grown fo confluency in DMEM
containing 10% FBS. The tested drug can be added to culture medium at the
indicated concentration for each group. After 12, 24, or 48 hr, cells can be
washed three times with cold PBS buffer and coliected with a scraper.

30 Glycogen content and cAMP level can be assayed in cell lysate.

Additionally, primary GSD llia patient myoblast cells can be used to
test the ability of PDE4 inhibitor or PDEY inhibitor (or both) {o reduce glycogen
content.

Exampile §5: Efficacy of PDE4 inhibitor treatment in GSD IV mice

in vivo experiments can be conducted in a GSD animal model. Mouse

L2
Wn

models are available for several GSDs including GSD 1, i, L, and IV to those

38



WO 2016/161086

W

16

N2
Wn

30

L2
Wn

40

of skill in the art. 3 groups (n=8 mice each group) can be used for testing
gach PDE4 inhibitor drug in GSD HI or GSD 1V mice:

Group 1. No treatment group—untreated control
Group 2. Forskolin treatment group — positive control;
Group 3. PDE4 inhibitor treatment group - human equivalent dose.

Treatment can start at the age of about 2 months. All mice can be
euthanized at age 5 months foliowing overnight fasting, to collect urine, blood,
and tissues. Dosage regimen and administration route will be determined
based on human use of each drug. Glycogen content can be analyzed in
different tissues including liver, heart, skeletal muscies, brain, and diaphragm,
as described in, for example, [40,43]. Tissue histology can be analyzed in a
pathology laboratory. Urine can be used for testing urinary Hex4, a biomarker
for several GSDs, by stable isotope-dilution elecirospray tandem mass
spectrometry as previously described in [44] Blood chemistry including AST,
ALT, ALP, CPK, GLU, etc. can be analyzed [45] Behavioral and muscle
function can be tested at about ages 2, 3.5, and & months, 10 assess reversal
of neuromuscular involvement by treadmill, Rota-rod, wire-hang ifests as
described in, for example, [43,46] and.

Combined therapy with inhibitors of PDE4 + PDES (for liver) or FDE4 +
FPDETY (for muscle) can also be tested in GSD IV or GSD 1H mice.
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CLAIMS
We claim:

1. A method of treating a glycogen storage disease or a condition with a

buildup of glycogen in a subject in need of such treatment comprising
5 administering a therapeutically effective amount of g cyclic AMP

elevator to the subject in need of treatment for a glycogen slorage
disease.

2. The method of claim 1, wherein the giycogen storage disease or a
condition with a bulldup of glycogen is selecied from the group

10 consisting of GED |, GSD I, GED I, GSD IV, GBD v, GSD Vi, G&D
VH, GSD X, GBD X1, GESD Xil, GED X, G8D XiV, Fanconi-Bickel
disease, Danon disease, Lafora disease, FRKAGZ cardiac syndrome,
Niemann-Fick Disease, G8D X, phosphoglyceraie kinase deficiency,
RBCK1 deficiency, and GSD XV, and other conditions with a

15 secondary bulldup of gliycogen.

3. The method of claim 1 or 2, wherein the cyclic AMP slevator is an
adenylate cyclase activator, a phosphodiesterase (PDE) inhibitor, a
Toll-like receptor ligand, a calcium ionophore, a protein kinase A (PKA)
activator, a protein kinase C (PK(C) activator, a beta2-adrenergic

20 receptor agonist, an adenylate cyclase toxin, or combinations thersof.

4. The method of claim 3, wherein the adenyiate cyclase activatoris a
labdane diterpene, a G-protein coupled receptor agonist, a G-protein
activator, the pyrazole derivative A02011-1, benzyloxybenzaldehvde
and analogs thereof, or combinations thereof.

23 5. The mathod of claim 4, wherein the labdane diterpene is labdans,
forskolin, a forskolin derivative, 6-acetyl-7-deacetyl-forskolin, 7-
deacetyl-forskolin, 7-deaceiyl-8-(N-acetylglycyh-forskolin, 7-deacetyl-7-
O-hemisuccunyl-forskolin, 7-deacetyl-7-(O-N-methylipiperazino)-y-
butryl-dihydrochlonde-forskolin, 7-HPP-forskolin, 6-HPP-forskolin,

30 colforsin daropate hydrochloride (NKH477), or combinations thereof.

8. The method of claim 4, wherein the G-protein coupled receptor agonist
is catecholamine, dopamine, dobutamine, isoproterencl, adenosine,

carbacyclin, endothelin, epinephrine, glucagon, octopamine, pituitary
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adenviate cyclase-activating peplide (FACAP), parathyroid hormone,
prostagiandin, vasopressin, or combinations thereof.

7. The method of claim 4, wherein the G-protein activator is cholera toxin
or @ subunit thereof.

8. The method of claim 3, wherein the PDE inhibitor is a PDE3, PDE4,
PDE7, or PFDES inhibitor.

8. The method of claim 3, wherein the Toli-like receptor ligand is
lipopolysaccharide (LPS), 1-palmitoyl-2-linoleoyl-sn-glycero-3-
phosphochoeline (pLPC), lipoteichoic acid (LTA), flageliin, or
combinations thereof.

10. The method of claim 3, wherein the calcium ionophore is an ionomycin
calcium salf, A23187, or combinations thereof.

11. The method of claim 3, wherein the PKA activator is 6-Bnz-cAMP, 8-
CPT-2-0O-Me-cAMP, 8-CPT-cAMP, 8-Bromo-cAMP, Dibutyryl-cAMP,
Dioctanoyi-CAMP, Sp-8-Br-cCAMPS, Sp-cAMPS, cAMP, a PKA subunit,
or combinations thereof.

12. The method of claim 3, wherein the PKC activator is phorbol myristate
acetate (PMA), a PKC purified enzyme, or combinations thereof.

13. The method of claim 3, wherein the belaZ-adrenergic receptor agonist
is bitolierol, fencterol, isoprenalineg, levosalbutamol, orciprenailine,
pirbuteroi, procateroi, ritodrine, salbutamol, terbutaline, arformoterol,
bambutercl, clenbuterdl, formotercl, salmeterol, indacaterol, olodaterol,
vilanterol, vilantero! with umeclidinium bromide, vilanterol with
fluticasone furoate, zilpaterol, or combinations thereof.

14. The method of any one of the preceding claims, further comprising
administering a therapeutically effective amount of an enzyme
replacement therapy, a gene therapy, a chaperone therapy, a substrate
reduction therapy, or combinations thereof to the subject with a
glycogen storage disease or a condition with a buildup of glycogen.

15. The method of any one of the preceding claims, wherein two or more
cyclic AMP elevators are administered to the subject.

16. The method of any one of the preceding claims, wherein the cyclic
AMP elevator is administered by a route selected from oral, parenteral,

intramuscular, intravenous, intraperitoneal and subcutaneous.
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17. A pharmaceutical composition comprising at least one cyclic AMP
elevator and an enzyme replacement therapy, a gene therapy, a
substrate reduction therapy, a chaperone therapy, or combinations

thereof.

(93]

18. The pharmaceutical composition of claim 17, wherein the enzyme
replacement therapy or gene therapy is selecied from the group
consisting of acid alpha-gilucosidase, glucose-6-phosphatase, glycogen
debranching enzyme, givcogen branching enzyme, muscle ghycogen
phosphorviase, liver glycogen phosphorylase, muscle
16 phosphofructokinase, phosphorylase kinase, glucose transporter,
Aldolase A, phosphoglucomutase deficiency, Laforin or Malin, LAMP-2,
and B-enolase.
18. The pharmaceutical composition of claim 17, wherein the substrate
reduction therapy is selected from the group consisting of methods of
15 inhibiting glycogen synthase to reduce giyvoogen accumulation, siRNA-
based therapies, shRNA-based therapies, antisense therapies, and
therapies using small molecule or pepiide drugs.
20. The pharmaceutical compaosition of claim 17 |, wherein the cyclic AMP
elevator is selected from the group consisting of an adenylate cyclase
20 activator, a phosphodiesterase (PDE) inhibitor, a Toll-like receptor
ligand, a calcium ionophore, a protein kinase A activator, a protein
kinase C activator, a beta2-adrenergic receptor agonist, an adenylate
cyclase toxin and combinations thereof.
21. A kit comprising at least one cyclic AMP elevator, an enzyme

25 replacement therapy or gene therapy and instructions for administering
the cyclic AMP elevator and the enzyme replacement therapy or gene
therapy to a subject with a glycogen storage disease or a condition with
a buildup of glycogen, wherein the enzyme replacement therapy or
gene therapy replaces an enzyme or gene encoding the enzyme

30 deficient in the glycogen storage disease or the condition with a bulldup
of glycogen.

22. The kit of claim 21, wherein the enzyme or the gene encoding the
enzyme is selected from the group consisting of acid alpha-

glucosidase, glucose-6-phosphatase, glycogen debranching enzyme,
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glycogen branching enzyme, muscle glycogen phosphoryviase, liver
glycogen phosphorylase, muscle phosphofructokinase, phosphoryiase
kinase, glucose iransporter, Aldolase A, phosphogiucomuiase

deficiency, Laforin or Malin, LAMP-2, and B-enolase.

23. A kit comprising at least one cyclic AMP elevator, one or more

substrate reduction therapies, and instructions for administering the
cyciic AMP elevator and the substrate reduction therapy o a subject
with a glycogen storage disease or a condition with a buildup of
glycogen, wherein the substrate reduction therapy reduces glvcogen
synihase activity and prevents glycogen accumulation in the glycogen

storage disease or the condition with a buildup of glycogen.

24. The kit of claim 23, wherein the substrate reduction therapy is selected

from the group consisting of methods of inhibiting glycogen synthase to
reduce glycogen accumuiation, siRNA-based therapies, shRNA
therapies, antisense therapies, or therapies using small moleculs or

peptide drugs.

25. The kit of claim 21 or 23, wherein the cyclic AMP elevator is selected

from the group consisting of an adenvylate cyclase aclivator, a
phosphodiesterase (PDE) inhibitor, a Toll-like receptor ligand, a
calcium ionophore, a protein kinase A activator, a protein kinase C
activator, a betaZ-adrenergic receptor agonist, an adenviate cyclase

toxin and combinations thereof.

28. The kit of claim 21, further comprising one or more chaperone

therapies.
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Fig. 1. Cyclic AMP stimulates glycogen breakdown and inhibits glycogen synthasis
through activation of cAMP-dependent protein Kinase A (PKA). (adapted from
Celi Signalling Biology. Berridge, M.J., 2014}
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