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PHARMACEUTICAL COMPOSITIONS CONTAINING PROTEASES AND
METHODS FOR THE TREATMENT OF LYSOSOMAL STORAGE
DISEASE S

FIELD OF INVENTION

This invention is related to the area of lysosomal storage diseases. The instant invention
also relates to compositions and methods for enzyme replacement therapy of lysosomal storage
diseases. In particular, the present invention provides methods and compositions for preventing

and/or treating Gaucher's disease.

BACKGROUND OF THE INVENTION

The lysosome is a cytoplasmic organelle that functions to degrade macromolecules such
as proteins, polynucleotides, polysaccharides, and lipids. The lysosome encloses an acidic
environment and contains hydrolase enzymes which catalyze the hydrolysis of biological
macromolecules. The lysosome has also been found to play a role in the uptake of molecules via
endocytosis.

Lysosomal storage discases occur when a lysosomal protein is deficient or mutant. In
many cases, this protein is an enzyme, and abnormal deposits of the substrate of the deficient
enzyme accumulate in the cell. In other cases, the deficient protein is involved in trafficking,
post-translational processing, or protection or activation of a lysosomal enzyme. In still other
cases, the defective protein is not an enzyme but exists in the intra-lysosomal space or spans the
lysosomal membrane. The function of some of these proteins is presently unknown. There is
extensive clinical and biochemical heterogeneity within the lysosomal storage diseases, which
include most of the lipid storage disorders, the mucopolysaccharidoses, the mucolipidoses, and

glycoprotein storage diseases. Currently there are approximately 50 lysosomal storage disorders



10

15

20

WO 2012/170899 PCT/US2012/041674

known including Niemann-Pick disease, Fabry's disease, Gaucher disease, etc. The disorders are
typically progressive and frequently are fatal in childhood or adolescence. Genetic counseling is
important in the management of these discases, and specific therapies such as enzyme
replacement therapy are promising but expensive. Typically the care for these patients is largely
symptomatic.

Lysosomal storage disorders (LSDs) are a group of approximately 50 inherited metabolic
discases that result from cellular deficiencies of a specific lysosomal enzyme, receptor target,
activator protein, membrane protein, or transporter that leads to pathogenic accumulation of
substances in lysosomes, causing buildup of the substrate, resulting in deterioration of cellular
and tissue function. The hallmark feature of LSDs is the abnormal accumulation of metabolites
in the lysosomes which leads to the formation of large numbers of distended lysosomes in the
perikaryon. A major challenge to treating LSDs (as opposed to treating an organ specific
enzymopathy, e.g., a liver-specific enzymopathy) is the need to reverse lysosomal storage
pathology in multiple separate tissues.

Lysosomal storage disorders occur in approximately 1 in 5,000 to 1 in 10,000 live births
and display considerable clinical and biochemical heterogeneity. The majority of lysosomal
storage disorders are inherited as autosomal recessive conditions although two examples of X-
linked are Hunter syndrome (MPS II) and Fabry disease. The extent and severity of the
lysosomal storage disorder depend on the type and amount of substrate that accumulates, but
almost all disorders are progressive. Most disorders have both central nervous system and
systemic manifestations, whereas some affect either just the central nervous system or tissues
outside the nervous system. Many patients with lysosomal storage disorders die in infancy or

childhood, and patients who survive to adulthood often have a decreased lifespan and significant
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morbidity. Examples of lysosomal disorderes include defective metabolism of
mucopolysaccharides (MPS) I-IX (Hurler, Scheie, Hunter, Sanfilippo, Morquio,
glycosaminoglycans Maroteaux-Lamy, Sly diseases, hyaluronidase deficiency), defective
degradation of glycan aspartylglucosaminuria, fucosidosis, mannosidosis, glucosphingolipids
Schindler disease, sialidosis type I, defective degradation of glycogen (Pompe disease), defective
degradation of globotriaosylceramide (Fabry disease), defective degradation of lipids (Farber
disease), Gaucher disease (types sphingolipid components 1-3) GM1-gangliosidosis, GM2-
gangliosidoses (Tay- Sachs disease, Sandhoff disecase, GM2 activator disease), Krabbe disease,
metachromatic leukodystrophy, Niemann-Pick disease (type A or B), pycnodysostosis, defective
degradation or transport of lipofuscins causing ceroid lipofuscinosis (multiple types with
different of cholesterol, cholesterol esters, or defects, some not known yet), cholesterol ester
storage disorders and other complex lipid storage diseases, Niemann-Pick disease type C,
Wolman disease, deficiencies of multiple lysosomal sulfatases, galactosialidosis, mucolipidosis
types I, III and IV, cystinosis, sialic acid storage disorder, Marinesco-Sjogren syndrome,
Hermansky-Pudlak syndrome (several forms), Chediak-Higashi syndrome, and Danon disease.
Gaucher discase is the most prevalent lysosomal storage disorder and results from the
deficiency of glucocerebrosidase (GC; EC 3.2.1.45) in all tissues. This enzyme deficiency results
in accumulation of glucosylceramide in lipid-laden macrophages (called Gaucher cells) in the
reticulendothelial system including liver, spleen, lung, and bone marrow. Gaucher disease has
been categorized into three major phenotypes: type 1, non-neuropathic; type 2, acute infantile
neuropathic; and type 3, chronic neuropathic. The spectrum of illness severity for type 1 Gaucher
disease is broad. Children and adults can be asymptomatic or may have severely debilitating

symptoms, including skeletal degeneration, anemia, thrombocytopenia and hepatosplenomegaly.
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Symptoms can present at any age. Although type 1 Gaucher disease is more common among the
Ashkenazi Jewish population, it occurs in all ethnic groups. Type 2 Gaucher disease is rapidly
progressive. By six months of age, most type 2 infants have brainstem dysfunction and succumb
to complications such as respiratory arrest or aspiration pneumonia at 18-24 months of age. Type
3 Gaucher disease patients develop neurological abnormalities at a later age than type 2 patients;
most only develop a subtle horizontal saccadic eye movement defect.

Gaucher disease is the most common lysosomal storage disorder, affecting approximately
8,000 to 10,000 people worldwide. In Gaucher disease, the activity of a lysosomal enzyme,
known as acid-beta-glucosidase or glucocerebrosidase (GlcCerase), is significantly decreased
owing to one of approximately 200 mutations in the GBA gene that codes for the enzyme. This
condition is inherited in an autosomal recessive pattern, which means that people with mutations
in both copies of the GBA gene develop Gaucher disease. . Reduced GlcCeraseactivity leads to
the accumulation of glucocerebroside (also called glucosylceramide) in tissues, including the
spleen, liver, lungs, bone marrow, and sometimes in the brain. This accumulation of
glucocerebroside is believed to cause the various symptoms and signs of Gaucher disease,
including an enlarged liver and spleen (splenomegaly), skeletal disorders, and, in some instances,
lung, kidney, and central nervous system impairment. There is also an association between
Gaucher disease and Parkinson disease or Parkinson-like disorders that affect movement and
balance (parkinsonism). Parkinsonism has been observed in patients with Gaucher disease and in
disease gene carriers (Lesage et al., 2011). The signs and symptoms of parkinsonism in such
persons may include: intention tremors, rigidity and bradykinesis, expressionless facies, slurred
or monotonous speech, myoclonic jerks, olfactory loss, and avascular osteonecrosis (Neudorfer

et al., 1996; Bultron et al., 2010). Lewy body dementia has also been reported in some subjects.
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Effective dietary and/or pharmaceutical interventions for one or more of these signs and
symptoms would significantly improve the quality of life in such persons.

Currently, enzyme-replacement therapy (ERT) and substrate-reduction therapy are the
only approved treatment options for patients with Gaucher disease (for a review see Harmanci,
2008). ERT, using recombinant imiglucerase, improves the visceral and hematologic
manifestations of the disease, but it is not effective in neuropathic forms of Gaucher discase.
Also, the cost of ERT is approximately $200,000 per year per patient, which is prohibitive for
many patients, and there is insufficient supply of recombinant enzyme to meet the medical needs
in the market place. Furthermore, recombinant imiglucerase must be administered intravenously,
which is a disadvantage. The first oral therapeutic agent for Gaucher disease is miglustat (N-
butyldeoxynojirimycin), an iminosugar inhibitor of glucosylceramide synthase, which is used for
substrate-reduction therapy. Miglustat produces clinical improvement in selected patients with
mild or moderate disease, but the responses are slower and less robust than those observed with
ERT. Other potential therapies for Gaucher disease are still in development (Futerman, 2004).

There is a long felt need for methods to prevent and/or treat lysosomal storage disorders
that provide patients with a higher quality of life and achieve a better clinical outcome. In
particular, there is a need for methods to prevent and/or treat Gaucher's disease that provide
patients with a higher quality of life and achieve a better clinical outcome.

Thus, there has gone unmet a long felt need for improved methods and compositions, for
the treatment of Gaucher disease. In particular there has gone unmet a long felt need for
methods and compositions, that are orally available and cost-effective. There remains a need for

additional therapies to treat these often fatal diseases. The present systems, compositions and
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methods provide these unmet long felt needs as well as other advantages not provided by prior

therapies.

OBJECTS OF THE INVENTION

Accordingly, it is an object of the present invention to provide novel therapeutic methods
for treating lysosomal storage disorders.

Another object of the present invention is to provide protease/peptidase compositions for
treating lysosomal storage disorders.

It is a further object of the instant invention to provide proteases/peptidases for the
treatment of Gaucher disease.

A still further object of the invention is to provide a method for reducing the symptoms of
Gaucher disease,

A further object of the invention is the use of combination of proteases/peptidases to treat
Gaucher disease.

These and other objects of the present invention will more readily become apparent from

the description and examples which follow.

SUMMARY OF THE INVENTION

The present invention provides novel compositions and methods using the same to
prevent and/or treat a lysosomal storage disorder in a patient at risk for developing or diagnosed
with the same which includes administering to the patient in need thereof an effective amount of
a compositions described herein.

The present invention further provides methods and compositions for treating lysosomal
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storage disease including, but not limited to, Pompe Disease, GM1 gangliosidosis, Tay-Sachs
disease, GM2 gangliosidosis, Sandhoff disease, Fabry disease, Gaucher disease, metachromatic
leukodystrophy, Krabbe disease, Niemann-Pick disease type A, Niemann-Pick disease type B,
Niemann-Pick disease type C, Niemann-Pick disease type D, Farber disecase, Wolman disease,
Hurler Syndrome, Scheie Syndrome, Hurler-Scheie Syndrome, Hunter Syndrome, Sanfilippo A
Syndrome, Sanfilippo B Syndrome, Sanfilippo C Syndrome, Sanfilippo D Syndrome, Morquio A
disecase, Morquio B disecase, Maroteaux-Lamy disease, Sly Syndrome, c-mannosidosis, [3-
mannosidosis, fucosidosis, aspartylglucosaminuria, sialidosis, mucolipidosis II, mucolipidosis
I, mucolipidosis IV, Goldberg Syndrome, Schindler disease, cystinosis, Salla disease, infantile
sialic acid storage disease, Batten discase, infantile neuronal ceroid lipofuscinosis, or prosaposin.
The present invention also relates to therapeutic approaches to the treatment of lysosomal
storage diseases, such as glycogen storage disease type II, mucopolysaccharidoses,
mucolipidosis 1I, mucolipidosis III, mucosulfatidosis, GM2 activator protein deficiency variant
AB, Danon disecase, Salla disease, Tay-Sachs disease, Sandhoff disease, Schindler disease,
Kanzaki disease, oa-mannosidosis, [-mannosidosis, fucosidosis, sialidosis, aspartylglucos-
aminuria, carbohydrate-deficient glycoprotein syndrome, Wolman disease, Farber disease,
Niemann-Pick disease types A, B, and C, Gaucher discase, Krabbe disease, Fabry discase,
multiple sulfatase deficiency, GM1 gangliosidosis, GM2 gangliosidosis, GM3 gangliosidosis,
galactosialidosis, cystinosis, sialic acid storage disease, pyknodysostosis, metachromatic
leukodystrophy, galactosialidosis, neuronal ceroid lipofuscinosis (types 1-9), lactosyl-
ceramidosis, Pompe disease, and cobalamin definiciency type F, by treatment with at least one of
a protease or peptidase in an amount sufficient to ameliorate, reduce or improve at least one

symptom or marker of the lysosomal storage disease.
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In one aspect, the compositions, methods, systems, herein are directed to providing
physiologically-acceptable compositions that are capable of reducing one or more symptoms of
Gaucher disease in individuals in need thercof, and methods of making and using or
administering such compositions.

In another aspect, the compositions, capsules, methods, herein comprise compositions for
reducing the at least one symptom of Gaucher disease in individuals in need thercof. In one
embodiment, the at least one symptom of Gaucher disease that is reduced by the subject
compositions, methods, etc. is one of the following signs or symptoms of the discase: skeletal
abnormalities, including thinning of the bones (ostecopenia), bone pain and bone fractures;
enlarged liver (hepatomegaly) or spleen (splenomegaly), or both; a decrease in healthy red blood
cells (anemia); excessive fatigue; a greater susceptibility to bruising, which may indicate a low
number of blood platelets (thrombocytopenia); yellow spots in the eyes (pingueculae); delayed
puberty; ~and/or nosebleeds; and cognitive deterioration. In a preferred embodiment of the
invention, the symptom that is reduced is splenomegaly.

In a further aspect of the invention, surrogate markers of Gaucher disease are used for
assessing the utility of the compositions for the treatment of Gaucher disease. Suitable disease
markers include cellular, physiological or biochemical markers.

In a further embodiment, the physiologically acceptable compositions, formulations,
methods, etc. can be used as dietary supplements or as food additives or as pharmaceutical
agents or otherwise as desired to reduce symptoms of Gaucher disease. Oral administration is an
advantage, because the oral route of administration of therapeutic agents is preferred to any other
route.

These physiologically-acceptable compositions and methods may be used in conjunction
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with other therapies for Gaucher disease. For example, the compositions may be used in
conjunction with enzyme replacement therapy (ERT) or substrate reduction therapy (SRT).

In another aspect, the present invention provides kits for the treatment of a lysosomal
storage disease. The inventive kits include at least one protease or a pharmaceutical composition
thereof for the treatment of a lysosomal storage disease. The kits may also include other agents
for treating the underlying lysosomal storage discase or symptoms thereof as described herein.
The kit typically includes multiple doses of one or more proteasese and an optional second
therapeutic agent. The kit may include enough dosages of each agent for treating a subject for
one week, two weeks, three weeks, one month, two months, three months, six months, or longer.
The kit may also include devices for administering the agents such as a spoon, syringe, etc. The
kit also typically includes prescribing information for the agents included in the kit.

The methods herein include methods, kits, labels and systems directed to labeling,
marketing and otherwise providing the compositions to health care professionals and/or to
consumers for use in reducing symptoms of Gaucher disease.

In an additional aspect of the invention, the physiologically acceptable proteolytic
enzyme(s) may be found in a food or beverage that is suitable for human consumption. In one
aspect, the physiologically-acceptable protease(s)/peptidase(s) are found in fermented foods.

In another aspect of the invention the physiologically acceptable protease or peptidase
can be found in a food-grade microorganism, yeast, algae, or seaweed, -plant, vertebrate animal,
invertebrate animal, annelid, insect, or arthropod.

In another embodiment, the physiologically acceptable enzyme is a peptidase or a
protease-peptidase complex having prolyl oligopeptidase activity, dipeptidyl peptidase activity or

tripeptidylpeptidase activity.
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According to a further embodiment of this invention, the physiologically acceptable
enzyme has DPP-IV aminopeptidase activity.

According to a further embodiment of this invention, the enzyme is an Aspergillus
protease with DPP-IV aminopeptidase activity.

In a preferred aspect of the invention, the composition comprises SerenAid®, a dietary
supplement which has protease and DPP-IV activity among other ingredients.

In a further aspect of the invention, a protease or peptidase is given in combination with
one or more of the following: vitamins, minerals, antioxidants, bioflavonoids, other enzymes,
herbs, herbal extracts, plant and animal concentrates, probiotics, or other ingredients.

In yet another aspect of the invention, the methods, compositions etc. comprise two or
more proteases or peptidases in a synergistic composition.

In one embodiment the product can be a kit or system wherein the compositions, capsules
herein are contained in a pharmaceutically acceptable container and a written description,
brochure, information sheet, catalog, or label explaining the product can reduce one or more
symptoms of Gaucher discase. Further, the product can be marketed together with the written
description, brochure, information sheet, catalog, or label explaining that the product can reduce
one or more symptoms of Gaucher disease.

These and other aspects, features, and embodiments are set forth within this application,
including the following detailed description. Unless expressly stated otherwise, all embodiments,
aspects, features, etc., can be mixed and matched, combined, and permuted in any desired

manner.

10
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

In its broadest aspects, the instant invention teaches the use of effective amounts of or
more proteolytic enzyme that are physiologically acceptable for oral administration to reduce,
improve or treat one or more symptoms of lysosomal storage diseases in mammals.

The instant invention teaches the use of effective amounts of proteolytic enzymes that are
physiologically acceptable for oral administration to reduce, improve or treat one or more
symptoms of Gaucher disease in mammals.

The present invention further teaches that proteolytic enzymes that are physiologically
acceptable for oral administration can be used to reduce, improve or treat one or more symptoms
of Gaucher disease in humans.

The present invention relates to therapeutic approaches to the treatment of lysosomal
storage diseases, such as glycogen storage disease type II, mucopolysaccharidoses,
mucolipidosis I, mucolipidosis III, mucosulfatidosis, GM2 activator protein deficiency variant
AB, Danon disease, Salla disease, Tay-Sachs disease, Sandhoff disease, Schindler disease,
Kanzaki disease, a-mannosidosis, [-mannosidosis, fucosidosis, sialidosis, aspartylglucos-
aminuria, carbohydrate-deficient glycoprotein syndrome, Wolman disease, Farber disease,
Niemann-Pick disease types A, B, and C, Gaucher discase, Krabbe disease, Fabry discase,
multiple sulfatase deficiency, GM1 gangliosidosis, GM2 gangliosidosis, GM3 gangliosidosis,
galactosialidosis, cystinosis, sialic acid storage disease, pyknodysostosis, metachromatic leuko-
dystrophy, galactosialidosis, neuronal ceroid lipofuscinosis (types 1-9), lactosylceramidosis,
Pompe discase, and cobalamin definiciency type F, by treatment with a farnesyl transferase

inhibitor.

11
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In one aspect, the invention provides methods for treating a subject with a lysosomal
storage disease by administering a therapeutically effective amount of a least one protease,
peptidase, or protease/peptidase complex.

In another aspect, the invention provides methods for treating one or more symptoms or
signs of Parkinson’s disease in a subject with Gaucher disease or in a subject who is a carrier.

The inclusion of at least one protease, peptidase, or protease/peptidase complex is
essential for the present invention.

Proteases are ubiquitous enzymes that are present in a wide variety of sources including
plants, animals and microbes. They catalyze the hydrolytic cleavage of the peptide bond present
in proteins and peptides. In the present invention the terms ‘peptidase’ and ‘protease’ are used
interchangeably. Candidate proteases may be any pharmaceutically acceptable protease that
produces a desired effect as described herein, given singly or in combination with vitamins,
minerals, antioxidants, bioflavonoids, other enzymes, herbs, herbal extracts, plant and animal
concentrates, probiotics, or other pharmaceutically active ingredients.

The identification and selection of proteases suitable for use in this invention can be
achieved by empirical means. For example, suitable physiologically acceptable compositions
that are the subject of the invention can be administered to individuals having Gaucher disease,
and one or more symptoms or signs of Gaucher disease can be monitored to assess the efficacy
of the composition in reducing said symptoms.

The symptoms or signs of Gaucher disecase that may be monitored for improvement
include one or more of the following: skeletal abnormalities, including loss of bone density
(osteopenia), bone pain and bone fractures; enlarged liver (hepatomegaly) or spleen

(splenomegaly), or both; a decrease in healthy red blood cells (anemia); excessive fatigue; a

12
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greater susceptibility to bruising, which may indicate a low number of blood platelets
(thrombocytopenia); yellow spots in the eyes (pingueculae); delayed puberty; nosebleeds; and/or
cognitive deterioration. In another aspect, in individuals with at least one Gaucher discase gene
mutation associated with Parkinson’s disease, one or more of the following disease symptoms or
signs may be monitored for improvement: intention tremors, rigidity and bradykinesis,
expressionless facies, slurred or monotonous speech, myoclonic jerks, olfactory loss, avascular
osteonecrosis, and dementia.

The compositions, capsules, methods, etc. herein comprise compositions for reducing at
least one symptom or sign of Gaucher disease, typically thereby effecting an improvement in the
at least one symptom or sign. In a preferred embodiment of the invention, the sign that is
reduced is splenomegaly.

Cellular, physiological and biochemical markers of Gaucher disease may also be useful
for selecting optimal proteases for use in the invention. Potential disease markers can be found
for example in US Patent Applications 2010/0196279, US Patent Appl 2010/0120056; and
Lieberman, 1976).

Many proteases and peptidases are generally recognized as safe for human consumption,
i.e., they are physiologically acceptable. Many sources can be found in the scientific and patent
literature. For example, supplementary digestive enzyme formulations have been shown to
improve nutrient absorption (US 7,235,390), to reduce heartburn and indigestion (US 7,067,124);
to promote fast surgical recovery (US 6,900,173); to improve airway mucus hypersecretory
diseases (Rogers, 2007); and to improve liver function, cystic fibrosis, cholesterol absorption and
gallstones (US 5,324,514). Bromelain, a plant protease, has been used for the oral systemic

treatment of inflammatory, blood-coagulation-related and malignant diseases (Maurer, 2001).

13
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Orally available proteases and peptidases have been used to maintain the basal level of
cholecystokinin in blood plasma of a mammal and to treat abdominal pain in mammals suffering
pancreatitis (US 7,459,155). Many such enzymes not only retain their activity in the gut, but are
absorbed intact through the gastrointestinal tract and retain activity in the bloodstream (see e.g.
Castell et al., 1997; Fujita et al., 1995). For the purpose of the present invention, it is not
necessary that the exact mechanism of action of the protease or peptidase be known so long as
the desired effect is achieved.

Proteolytic enzymes that are physiologically acceptable can be found in certain bacteria,
fungi, yeast and molds (Rao et al., 1998; Sumatha et al, 2006; Peng et al., 2005). For example,
proteases and peptidases may be found in fungi, which have been used in the fermentation of
many traditional foods and beverages. Suitable species include Fusarium, Rhizopus,
Actinomucor, Aspergillus, and Neurospora species (see e.g.: US 6,413,512; US 3,932,618; -US
Patent Appl. 2009/0155239; Sriranganadane, et al., 2010; O'Toole, 1999; Kudryavtseva et al.,
2008; Frish, 1974; Machida, 2010; Luisetti et al., 1991; Meyer et al., 2010; and Kolodny, 1963).

Proteases and peptidases also can be found in lactic acid bacteria, which are used to
produce yogurt and other fermented dairy products (Liu et al.,, 2010). Nattokinase, seaprose,
serratiopeptidase, pronase, fusarium protease, sfericase are examples of proteolytic enzymes that
are physiologically acceptable (e.g. US 5,296,223; Majima Y., et al., 1988; Pant KK, et al., 2008;
Yoshida K, 1983; Sumi H, et al., 1990).

Prolyl oligopeptidases belong to a distinct class of serine peptidases (EC 3.4.21.26).
These enzymes cleave peptide bonds at the carboxy-terminal side of proline residues. These
peptidases have been implicated in such diseases and disorders as anxiety, psychotic and

depressive disorders, cognitive disorders, pain perception, and neurodegenerative disorders such

14
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as Lewy body dementia, Parkinson's disease, and Huntington's disease (Goossens et al., 1996;
Sedo et al., 1991; Mantle et al., 1996). Decreased levels of prolyl endopeptidase activity may
also play a role in the pathophysiology of major depression (Maes et al., 1995). The distribution
of prolyl oligopeptidases, and their potential for therapeutic discovery, was recently reviewed
(Rosenblum et al.,, 2003). A prolyl aminopeptidase that removes N-terminal proline and
hydroxyproline residues from peptides has been identified in Aspergillus niger (Basten et al.,
2005).

Dipeptidyl aminopeptidases cleave a dipeptidyl moiety from the N-terminus of a
polypeptide (Kreil, 1990). Dipeptidyl aminopeptidases of type IV (DPP IV) belong to a set of
specialized proteases that are capable of cleaving bonds adjacent to prolines (Cunningham and O
Connor 1997; Lambeir et al., 2003). This domain defines serine peptidases belonging to EC
3.4.14.5. The EC 3.4.14.5 enzyme class is widely used in the feeds, food processing, and dietary
supplement industries. In humans, DPP- IV (also known as CD 26) is thought to be involved in
psychoneuroendocrine function, nutrition, and immune defense (Hildebrandt et al., 2000). DPP-
IV proteases can be found in variety of organisms, such as yeasts, fungi, insects, and frogs. An
extracellular DPP-IV has been characterized from several Aspergillus species including
Aspergillus oryzae, Aspergillus niger and Aspergillus melleus (Doumas et al. 1998, Tachi et al,
1992; Jalving et al., 2005).

Oral supplementation with prolyl endopeptidases has been proposed to treat adverse food
reactions including the enteropathic manifestations of celiac disease or celiac sprue. Food-grade
proteases capable of breaking down dietary gluten have been suggested to mitigate this problem
(US 7,741,094). Ehren et al. (2009) have proposed a combination of two food-grade enzymes,

aspergillopepsin (ASP) from Aspergillus niger (EC 3.4.23.18) and dipeptidyl peptidase IV (DPP-
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IV) from Aspergillus oryzac (EC 3.4.21.63). Mitea et al. (2008) suggested that the co-
administration of a prolyl endopeptidase with a gluten-containing meal might eliminate gluten
toxicity. Byun et al. (2001) reported the synergistic action of an X-prolyl dipeptidyl
aminopeptidase and a non-specific aminopeptidase in protein hydrolysis. Synergistic
compositions are also contemplated in the present invention.

Prolyl peptides, which are released during digestion of casein and gluten are believed to
act as opioid receptor agonists, or exorphins, that may mediate or exacerbate neurobehavioral
symptoms in individuals with autism spectrum disorders (ASD). These opioid-like peptides have
been referred to as casomorphins and gluteomorphins. DPP-IV is also referred to as a
casomorphinase because of its proteolytic activity against casomorphins. Supplemental DPP-IV
has been proposed for the reduction of the symptoms of ASD (US 6,251,391; US 6,413,512; US
6,447,772; US 6,808,708; US 6,821,514; US 6,899,876).

Tripeptidyl peptidases, or sedolisins, are widespread among filamentous ascomycetes
including Aspergillus species (Reichard et al., 2006; Gotou et al., 2009). In humans, mutations in
the gene that encodes tripeptidyl-peptidase I causes late infantile neuronal ceroid lipofuscinosis,
a fatal neurodegenerative disease (Pal et al., 2009), but the activity of tripeptidyl-peptidase I in
Gaucher disease has not been reported.

Although many proteolytic enzymes have been shown to be physiologically acceptable
for use in humans, as discussed herein, none of the above references anticipate the use of
proteases or peptidases in compositions for the treatment of Gaucher disease.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of this
invention may be varied so as to obtain an amount of the active ingredient that is effective to

achieve the desired therapeutic response for a particular patient, composition, and mode of
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administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the activity of
the particular protease or peptidase of the present invention employed, or derivatives thereof,
oral administration, the time of administration, the rate of excretion or metabolism of the
particular protease being employed, the duration of the treatment, other drugs, compounds and/or
materials used in combination with the particular proteases employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and like factors
well known in the medical arts.

A physician having ordinary skill in the art can readily determine and prescribe the
effective amount of the pharmaceutical composition required. For example, the physician could
start doses of the proteases or peptidases of the invention employed in the pharmaceutical
composition at levels lower than that required to achieve the desired therapeutic effect and then
gradually increasing the dosage until the desired effect is achieved.

The following examples further describe and demonstrate embodiments within the scope
of the present invention. These examples are solely for the purpose of illustration and are not to
be construed as limitations of the present invention as many variations are possible without

departing from the spirit or scope thereof.

EXAMPLE 1
A product known as SerenAid® is a blend of six plant-derived enzymes including a
protease with dipeptidyl peptidase IV (DPP-1V) activity (see e.g. US 6,251,391). SerenAid® is
formulated to assist in breaking down plant and animal proteins, including casein (milk and dairy

products), gluten (wheat, rye, oats, barley, and other grains), and soy proteins. We have observed
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a reduction in splenomegaly and increased energy in patients with Gaucher disease, following
the initiation of oral administration of SerenAid®. The present invention contemplates the use of
SerenAid® to improve one or more symptoms, signs, or markers of Gaucher disease in

individuals in need thereof.

EXAMPLE 2

Suitable proteases may be isolated from their native source or they may be produced via
recombinant DNA technology by a suitable host cell, selected from any one of bacteria, yeast,
fungi, plant, insect or mammalian host cells in culture. For examples, see US 6,309,868 and
Doumas et al., 1998. Recombinant enzymes encompass or are encoded by nucleic acids from a
naturally occurring enzyme sequence. Further, recombinant enzymes include an amino acid
sequence that is homologous or substantially identical to a naturally occurring sequence, as well
as those enzymes encoded by a nucleic acid that is homologous or substantially identical to a
naturally occurring protease-encoding nucleic acid. Alternatively, enzymes useful in the
compositions and methods of this invention may be synthesized by conventional peptide
synthesis techniques. Methods of producing and purifying enzymes, including proteases and
peptidases, are known to those skilled in the art.

Many commercial suppliers sell purified proteases and peptidases that may be used in the
invention. For a review, see Sumantha et al., 2006. A few examples of commercial suppliers are:

Amano Enzyme Inc; Novozymes; and National Enzyme Company.

EXAMPLE 3

For administration of the compositions that are the subject of the invention as
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pharmaceuticals, numerous potential methods of protein stabilization, modification, and
formulation are known to persons skilled in the art. See US 6,613,332; US Patent Appl.
20080311214; US Patent Appl. 20080317726; Singh et al., 2008; McNally and Hastedt, 2008;
Mabhato, et al., 2003; Rao, 2008. These and other methods may be used in the present invention.

It should be emphasized that the methods of formulation and administration of the
compositions and synergistic compositions are not limited to the examples provided herein;
additional methods and novel formulations may be devised by persons skilled in the art.

The entire contents including the references cited therein of the following patents,
published applications including all their foreign equivalents and journal publications are
incorporated by reference in their entirety for all purposes to the same extent as if each individual

patent, patent application or publication were so individually denoted.

US Patent Date Inventor
3,932,618 January, 1976 Fujii, S
5,296,223 March, 1994 Nakanishi, ct al.
5,324,514 June 1994 Sipos

5,387,422 February, 1995 Handel, et al.
5,750,650 May, 1998 Nakanishi, et al.
6,251,391 June, 2001 Wilkinson, et al.
6,309,868 October, 2001 Monod, et al.
6,413,512 July, 2002 Houston
6,447,772 September 2002 Houston
6,613,332 September 2003 Michagl, et al.
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6,808,708 October, 2004 Houston
6,821,514 November, 2004 Houston
6,844,180 Jan 2005 Oi, ct al.
6,899,876 May, 2005 Houston
6,900,173 May 2005 Martin, et al.
6,994,987 February, 2006 Yamamoto, et al.
7,067,124 June 2006 Davidson, et al.
7,141,582 November, 2006 Fan, et al.
7,235,390 June 2007 Gibbs
7,459,155 December, 2008 Margolin, et al.
7,718,169 May, 2010 Margolin, et al.

US Patent Applications

2003/0096392 May 22, 2003 Hunter, et al.
2006/0062859 March 23, 2006 Blum, et al.
2008/0118492 May 22, 2008 Cerceo, J.

2008/0311214 December 18, 2008  Rao, K.

2008/0317726 December 25, 2008  Svendsen, A.
2009/0155239 June 18, 2009 Nakamura, T.
2010/0120056 May 13, 2010 Bar-Or, D, and Bar-Or, R.
2010/0196279 August 5, 2010 Lockhart

Other references

1. Basten DE, et al. Characterisation of Aspergillus niger prolyl aminopeptidase. Mol
Genet Genomics 2005;272(6): 673-9.
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Although the present invention has been described with reference to specific details of
certain embodiments thereof, it is not intended that such detail should be regarded as limitations
upon the scope of the invention, except as and to the extent that they are included in the

accompanying claims.
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What is being claimed is:

1. A method for ameloriating, reducing or improving at least one symptom or sign or
surrogate marker of Gaucher disease, which method comprises administering to an individual in
need thereof an effective amount of a pharmaceutically acceptable composition comprising at
least one of a protease or peptidase in an amount sufficient to ameliorate, reduce or improve at

least one symptom, sign, or marker of the disease.

2. The method of claim 1, wherein the symptom or sign that is ameliorated, reduced or
improved is selected from the group consisting of: loss of bone density (osteopenia), bone pain
and bone fractures; enlarged liver (hepatomegaly); enlarged spleen (splenomegaly); anemia;
pulmonary hypertension; excessive fatigue; a low number of blood platelets (thrombocytopenia);
yellow spots in the eyes (pingueculae); delayed puberty; ataxia; spasticity; seizures; auditory
impairment; nosebleeds; cognitive impairment; intention tremors; rigidity; bradykinesis;
expressionless facies; slurred or monotonous speech; myoclonic jerks; olfactory loss; avascular

osteonecrosis; and dementia.

3. The method of claim 1, wherein the disecase marker that is ameliorated, reduced or
improved is selected from the group consisting of: lysosomal acid B-glucosidase activity; the
presence of lipid-laden macrophages ("Gaucher macrophages"); levels of chitotriosidase; levels
of liver enzymes; levels of pulmonary chemokine PARC/CCL 18; levels of angiotensin
converting enzyme (ACE), total acid phosphatase and bone-specific acid phosphatase;

immunological defects such as anemia, thrombocytopenia, leukopenia, hypergamma-
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globulinemia, decreased amount of T-lymphocytes in the spleen, systemic B cell hyper-
proliferation, plasmacytosis, plasma a-synuclein; levels of inflammatory cytokines, the presence
of inflammatory foci in tissues or organs comprising macrophages, lymphocytes, and
neutrophils, and impaired neutrophil chemotaxis; skeletal defects such as infiltration of Gaucher
cells in the bone marrow, reduced levels of triglycerides; bone density and other abnormal
radiographic findings; neurological symptoms such as neuronal loss, neurodegeneration,
horizontal gaze abnormalities, myoclonic movements, corneal opacity, pulmonary infiltration of
Gaucher macrophages; aberrant trafficking of acid B-glucosidase in cells from Gaucher patients
from the ER to the lysosome; aberrant trafficking of cellular lipids though the endosomal
pathway; the presence of increased amounts of mis-folded acid B-glucosidase in the ER or
cytosol; the presence of ER and/or stress resulting from toxic accumulation of GCase (as
determined by gene and/or protein expression of stress-related markers); aberrant endosomal pH
levels; the presence of increased plasma membrane expression of MHCII and/or CD1d on
monocytes; aberrant cell morphology; suppression of the ubiquitin/proteasome pathway; an
increase in the amount of ubiquitinated proteins; and a change in a biochemical marker in serum

or urine.

4. The method according to claims 1, wherein the protease or peptidase is administered

orally.

5. The method of according to claim 1, wherein the protease or peptidase is derived from

a fermented food or beverage.
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6. The method according to claim 1, wherein the protease or peptidase is a prolyl

peptidase, a dipeptidyl peptidase or a tripeptidyl peptidase.

7. The method according to claim 1, wherein the protease or peptidase is derived from a
food-grade microorganism, yeast, algae, scaweed, plant, vertebrate animal, invertebrate animal,

annelid, insect, or arthropod.

8. The method according to claim 1, wherein the protease or peptidase is derived from a

species of Aspergillus.

9. The method according to claim 1, wherein the protease is derived from a fermentation

product of Aspergillus comprising protease with dipeptidyl peptidase 1V activity.

10. The method according to claim 1, wherein the pharmaceutically acceptable

composition is labeled as a dietary supplement.

11. The method according to claim 10, wherein the pharmaceutically acceptable

composition is formulated as a dried powder, a tablet, a hard gelatin capsule or a soft gelatin

capsule.

12. The method according to claim 10, wherein the pharmaceutically acceptable

composition is provided within an ingestible carrier material suitable for human consumption.
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13. The method of claim 12, wherein the carrier material is selected from the group
consisting of a cereal based product, rice cake, soy cake, food bar product, cold formed food bar
product, custard, pudding, gelatin, rice milk, soy milk, mashed fruit product, candy, candy bar,

applesauce, yogurt, beverage, and fermented beverage.

14. The method according to claims 11, 12 or 13 wherein the pharmaceutically
acceptable composition further contains one or more of the following ingredients selected from
the group consisting of: vitamins, minerals, herb or herbal extracts, probiotics or prebiotics,
antioxidants, bioflavonoids, papain, lactase, amylase, protease, lipase, and plant and animal

concentrates.

15. The method according to claim 1, wherein the pharmaceutically acceptable

composition contains one or more proteases.

16. The method according to claim 1, wherein the pharmaceutically acceptable

composition is administered in combination or in conjunction with a separate, FDA-approved

pharmaceutical composition.

17. The method according to claim 1, wherein the pharmaceutically acceptable

composition further contains a therapeutically-active small molecule.

18. The method according to claim 16, wherein the FDA-approved pharmaceutical

composition is -a therapeutically-active small molecule.
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19. The method according to claim 2, wherein the sign that is ameliorated, reduced or

improved in an individual having Gaucher disease is an enlarged spleen (splenomegaly).

20. A method of screening for proteases and peptidases suitable for treating Gaucher’s
disease, said method comprising: (a) quantifying a symptom or a marker of Gaucher disease in
an individual(s) having Gaucher disease; (b) administering to said individual(s) a physiologically
acceptable protease or peptidase, in a pharmaceutically acceptable carrier, in a known amount for
a known period of time; and (c) quantifying the aforementioned symptom or surrogate marker to
assess whether there is a quantitative change in the symptom or marker as a result of the

administration of the protease or peptidase composition.

21. The method according to claim 20, wherein the symptom or disease marker is

selected from the groups of symptoms and disease markers as described in claims 2 or 3.

22. A method of treating a subject with a lysosomal storage discase, the method
comprising administering to a subject with a lysosomal storage disease a therapeutically effective
amount of composition comprising at least one of a protease or peptidase in an amount sufficient

to ameliorate, reduce or improve at least one symptom of the disease.

23. The method of claim 22, wherein the subject with a lysosomal storage disease has a
disecase seclected from the group consisting of glycogen storage discase type I,
mucopolysaccharidoses, mucolipidosis II, mucolipidosis III, mucosulfatidosis, GM, activator

protein deficiency variant AB, Danon discase, Salla disease, Tay-Sachs disease, Sandhoff
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disease, Schindler disease, Kanzaki disease, a.-mannosidosis, f-mannosidosis, fucosidosis, siali-
dosis, aspartylglucosaminuria, carbohydrate-deficient glycoprotein syndrome, Wolman disease,
Farber disease, Niemann-Pick disease types A, B, and C, Krabbe disease, Fabry disease, multiple
sulfatase deficiency, GM; gangliosidosis, GM, gangliosidosis, GM3 gangliosidosis, galacto-
sialidosis, cystinosis, sialic acid storage disease, pyknodysostosis, metachromatic leuko-
dystrophy, galactosialidosis, neuronal ceroid lipofuscinosis (types 1-9), lactosylceramidosis,

Pompe discase, and cobalamin definiciency type F.

24. The method of claim 22 wherein the subject is a human.

25. A method for providing dietary supplementation to a subject with a lysosomal storage
disease, the method comprising administering to a subject with a lysosomal storage disease an

effective amount of a dietary supplement comprising at least one of a protease or peptidase.

26. A method for ameloriating, reducing or improving at least one sign or symptom or
surrogate marker of Parkinson’s disease in an individual having one or more Gaucher disease
gene mutations, which method comprises administering to an individual in need thereof an
effective amount of a pharmaceutically acceptable composition comprising at least one of a
protease or peptidase in an amount sufficient to ameliorate, reduce or improve at least one sign,

symptom, or marker of Parkinson’s disease.

27. The method of claim 26, wherein the symptom or sign that is ameliorated, reduced or

improved is selected from the group consisting of: intention tremors, rigidity and bradykinesis,
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expressionless facies, slurred or monotonous speech, myoclonic jerks, olfactory loss, avascular

osteonecrosis, and dementia.
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