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TARGETING AMP DEAMINASE 2 FOR AMELIORATING CRAVING FOR SUGAR AND
OTHER SUBSTANCES

FIELD

The present inventors have identified adenosine monophosphate deaminase isoform 2
(AMPD2) as a key enzyme that contributes to metabolic conditions characterized by craving
for sugar, salt, and umami foods and drinks, as well as other cravings such as nicotine,
alcohol, opiates, cocaine and other drug cravings familiar to drug addictions. In particular,
isoform specific inhibitors targeting AMPD 2, or pan AMPD inhibitors will be effective for the
prevention and/or treatment of these conditions. On the other hand, potentiators of AMPD2
activity and/or expression will be an effective therapeutic approach for anorexia nervosa as it
would stimulate appetite.

BACKGROUND

Fructokinase (ketohexokinase, KHK) is a key enzyme in fructose metabolism, and
phosphorylates fructose to fructose-1-phosphate. In turn, fructose 1-phosphate (F-1-P) is
metabolized by aldolase B and triokinase to dihydroxyacetone phosphate (DHAP) and
glyceraldehyde that continue to be metabolized, eventually generating glucose, glycogen
and triglycerides. While this latter pathway is the classical caloric pathway by which fructose
is metabolized, there is also a noncaloric sidechain reaction triggered when fructose is
phosphorylated to F-1-P by fructokinase C (one of the isoforms). Specifically, the
phosphorylation of fructose occurs very rapidly due to an inefficient negative regulation of
fructokinase by downstream products —unlike glucokinase and most sugar kinases- thus
causing adenosine triphosphate (ATP) and intracellular phosphate to become depleted.
Adenosine monophosphate (AMP) then accumulates from ATP depletion (FIG.1) and is
metabolized by the enzyme, adenosine monophosphate deaminase 2 (AMPD2) to generate
inosine monophosphate (IMP) which is progressively broken down, eventually to uric acid by
xanthine oxidoreductase (XO).

Humans are known to like multiple types of sugars (table sugar also known as sucrose but
also monosaccharides alone —glucose, fructose- or in mixtures —high fructose corn syrup-),
as the stimulation of sweet taste causes a rapid feeling of pleasantness due in part to the
stimulation of dopamine in the brain(1, 2). and/or by inefficiently stimulating the activity of the
sugar satiety hormone fgf21 produced in the liver Other sweet substances, such as high

fructose corn syrup, glucose, fructose, and even artificial sugars (sucralose) can also
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stimulate dopamine responses. However, it has been shown that the repeated ingestion of
sugar in mice can lead to a craving or addiction syndrome characterized by altered levels of
dopamine and dopamine receptors in dopaminergic neurons, thus leading to the necessity of
more sugar to induce similar dopamine responses in the brain. Animals addicted to sugar
develop features similar to that observed with drug addiction, and show signs of anxiety or
withdrawal following elimination of sugar from the diet or the administration of naloxone (3,
4). The mechanism relates in part to a reduction in dopamine receptors (especially D2
receptors) in the nucleus accumbens from chronic dopamine stimulation, leading to a loss of
control mechanisms in the frontal and prefrontal cortex.(5) The importance of this pathway
is being increasingly recognized as a mechanism that results in lack of normal control, and
may have a role in the pathogenesis of obesity, attention deficit hyperactivity disorder, drug
addictions, sex addictions, and even aggressive behavior and dementia (2, 6-11). Thus,
identifying a way to modulate metabolic pathways which cause or result in these cravings,
including sugar, and other food cravings as well as cravings in general, such as nicotine,
alcohol, opiates, cocaine and related agents, and including sexual cravings, among others
could be beneficial in reducing diseases that result from these cravings, e.g., metabolic

syndrome, and diabetes, as well as drug addiction and dependence.

Our published data demonstrate that the sidechain reaction involving ATP depletion,
activation of AMPD isoform 2, and the generation of uric acid plays a role in driving the
metabolic syndrome in response to fructose®2°. However, while blocking xanthine oxidase
to reduce uric acid levels can improve fructose-induced metabolic syndrome, it does not
have any effect on the craving for fructose or sucrose. Likewise, while blocking fructokinase
C does block the craving of fructose (US Pat. Pub. No. 2013/0224218)., it was not known,
prior to this disclosure, if this is due to blocking the side chain reaction initiated by AMPD, or
whether it is from blocking the ATP consumption and intracellular phosphate consumption,
or from blocking intracellular F-1-P formation and its further metabolism via the caloric
pathway (Figure 1). Thus, these observations indicate that to date, there was no a priori
reason to believe that blocking AMPD2 could treat fructose or sugar craving (see data
below).

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in the following description in view of the drawings that show
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(note that the word “figure” in the drawings has been abbreviated to “FIG.”):

FIG. 1 shows the classic caloric pathway of fructose metabolism and the side chain reaction
in which AMPD?2 is activated.

FIG. 2 shows that AMPD2 deficiency is associated with a decreased or an absence of
craving to sugars, including fructose (F), sucrose (S), high fructose corn syrup (HFCS)
(mixture containing a 2 to 1 ratio of fructose and glucose monomers), glucose water (G), and
sweetener — sucralose-water (SW) at 8 weeks. Concentrations were 15% in the water
except for sucralose which was 0.04%. AMPD2 deficiency is also associated with reduced
drinking of glucose compared to wildtype (WT) mice and no increased consumption of

artificial sweeteners, such as sucralose-containing water.

FIG. 3 illustrates that AMPD2 deficient mice (KO) (knockout) do not show an increase in
fructose-water intake as compared to wild type (WT) mice after 10 days of exposure to
drinking fructose-containing (15%) water. The left panel shows results of overall water (W)
and fructose-water (F) intake in wild type (WT) and AMPD2 deficient (KO) mice at 10 days
after the start of the experiment. **P<0.01 between mice of the same group (WT or KO), ##
P<0.01. The right panel shows the overall water (W) and fructose-water (F) intake in
AMPD?2 deficient (D1KO), AMPD2 deficient (D2KO) and AMPD3 deficient, (D3KO) mice at 8
weeks (**P<0.01 between mice of the same group (D1KO, D2KO or D3KO), ## P<0.01).
The right panel shows that the observed effects are specific to isoform 2 of AMPD as

deficiency of AMPD1 or AMPDS3 in mice do not eliminate the craving for sugar or fructose.

FIG. 4 shows a dose-dependent effect in AMPD2 activity in the liver between wild type (W)
(i.e, containing the AMPD2 gene in both alleles of their genome), heterozygous (Het) mice
(i.e, containing only one allele copy of AMPD2 in their genome) and AMPD2 deficient mice
(K) (containing no AMPD?2 alleles in their genome). ***P<0.001 versus WT. The right panel
shows daily fructose-water intake in wild type (WT), AMPD2 heterozygous (Het), and
AMPD2 deficient (KO) mice. *P<0.05 and **P<0.01 versus WT.

FIG. 5 provides a representative western blot from nucleus accumbens (NAcc) extracts for
AMPD2 and deltaFosB expression from wild type (Wt) and AMPD2 deficient (K) mice
exposed to water (wat), fructose (Fru), gluose (glu) or sucralose (S) for 24 hours. Left: The
western blot demonstrates that AMPD2 protein is expressed in nucleus accumbens of wild
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type (Wt) but not AMPD2 deficient mice (K). It also shows that upon exposure of glucose,
fructose and sucralose but not regular tap water there is an elevation in the expression of the
transcription factor, deltaFosB (AFosB), in the nucleus accumbens in wild type (Wt) but not
AMPD2 deficient mice (K) (right panel). Drugs and compounds that cause addiction are
known to increase AFosB in the nucleus accumbens and this change is thought to be critical
for addiction to occur (see Li et al, and Ruffle cited supra). The results of the experiments
performed by the inventors herein show that AMPD2 blockade results in decreased
activation of AFosB induced by sugar, including some not regulated by fructokinase
(sucralose) suggest AMPD2 blockade may be blocking addiction pathways directly at the

nucleus accumbens.

FIG. 6 shows the role of AMPD2 in the craving of alcohol. On the left panel is shown a two
bottle preference study in which wild type mice can choose between regular drinking water
and water that contains alcohol, with the alcohol concentration being increased from 3%
(days 0-3), 6% (days 3-8) and 10% (day 8 onward). Wild type mice will rapidly prefer to drink
alcohol containing water, and this increases significantly with increasing alcohol
concentrations. In contrast, AMPD2 KO mice (right panel) markedly prefer regular water
over alcohol-containing water, and show no increase in alcohol intake with time. This shows
evidence AMPD2 KO mice not only do not crave alcohol, but have no inclination for
addiction-like behavior in which alcohol intake increases with time.

FIG.7 shows the role of AMPD2 in nicotine craving. Again, this is a two bottle preference
study in which mice choose between regular drinking water and water containing nicotine.
Wild type mice drinking nicotine-containing water about 30 percent of the time, while the
percent of nicotine water drunk by AMPD2 KO mice is significantly less (left panel). This
results in significantly less nicotine exposure over time in the AMPD2 KO mouse (right
panel). Thus, blocking AMPD2 should lead to less smoking in individuals with nicotine

dependence.

FIG. 8 shows the effect of an orally administered pan AMPD inhibitor (see Admyre et al.,
Chem Biol, 2014, 21(11):1486-96) on fructose craving in wild type mice. Mice were
administerd the racemate of the active compound 1 (Figure 2 in the paper by Admyre et al
Chem Biol 2014; 21:1488-1496) by gavage at a dose of 25 mg/kg twice daily beginning two
days before administering fructose (15%) in the drinking water. As shown in the left panel,
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this dose could significantly block AMPD2 activity in the liver. As shown in the right panel,
this dose could also significantly reduce the intake of fructose-containing water. Indeed,
mice given the inhibitor drank the same amount of fructose-water as mice given regular

water, documenting that the inhibitor completely blocked the craving for fructose.

FIG. 9 shows graphical data illustrating how inositol monophosphate (IMP) is a stimulant for
food intake. The left panel shows that IMP (300uM) stimulates weight gain in animals given
fructose (5% in the drinking water. The center panel shows that IMP stimulates weight gain
in mice on regular chow, and also potentiates the effect of monosodium glutamate (MSG,
5%). The right panel shows enery intake on mice receiving regular chow with regular
drinking water, water containing MSG, or MSG plus IMP.

DETAILED DESCRIPTION

The specifics of the discovery include the use of an agent that can specifically inhibit AMPD2

to treat specific conditions as outlined below.

To date, studies inhibiting AMPD are limited. It has been reported that inhibition of AMPD
does not improve glucose control of insulin resistance or diabetes (16). However, it has been
identified for the first time herein, novel roles for AMPD, which constitutes the basis for this

patent application.

Our recent studies have identified roles for AMPD and its blockade in reducing or eliminating
sugar (for example fructose, sucrose, high fructose corn syrup) cravings as well as
potentially other cravings, including salt cravings and/or umami cravings that were not
previously noted in the literature. Furthermore, our recent studies have identified roles for

AMPD inhibition in ameliorating drug and other addictions.

In one non-limiting embodiment, a primary discovery relates to the finding that AMPD2 has
an important role in driving a craving for sugar, e.g., sucrose, as well as glucose and artificial
sugars (FIG. 2). Sugar craving is a distinct process and consists of a specific desire for
sugar. It has been shown to be mediated by dopaminergic signaling in the brain and is
similar to the addictive response one can observe with narcotics®.(? [t had been thought to
be mediated by taste receptors, but when the taste receptor signaling is blocked, craving for
sugar still occurs.®" Thus, the specific mechanism responsible for sugar craving had been
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unknown.

We have previously found that AMPD2 has a role in driving obesity and metabolic syndrome
(US Patent 8,697,628B, April 15 2014). However, prior to the discovery provided herein,
AMPD2 had not been identified as a target for inhibiting or reducing sugar craving or for the
craving for other foods or drug addiction. The discovery that blocking AMPD2 blocks sugar
craving was unexpected. Indeed, one might a priori think that blocking AMPD2 should be
similar to blocking uric acid production (which is a downstream product of AMPD), in which
lowering uric acid improves fructose induced metabolic syndrome but does not block sugar

craving® (13).

Consequently, the novel discovery of the inventors provided for the first time herein, that
blocking or inhibiting AMPD2 decreases sugar craving is not intuitive. Furthermore, our data
also demonstrate that the blockade of other isoforms of AMPD, namely AMPD1 and AMPD3,
does not prevent sugar craving thus indicating that this is a specific effect related to AMPD2
inhibition, discovered by the inventors herein (FIG. 3).

Our recent studies show that mice lacking AMPD2 show no craving for fructose and that this
effect is dose-dependent as heterozygous mice, i.e. mice that have approximately 50 %
expression and activity of AMPD2, have an intermediate effect in their liking of sugar (FIG.
4). As mentioned, Interestingly, AMPD2 deficient mice also show significantly less craving
than wild type mice for other sugars including glucose, sucrose and high fructose corn syrup
and artificial sweeteners like sucralose (FIG. 2). Some of these features, such as blocking
the craving for artificial sugars or for glucose, are not involved in fructose metabolism and
clearly demonstrate that some of the actions of AMPD2 on craving are outside the fructose
metabolic pathway. Indeed, the finding that AMPD2 is highly expressed in dopaminergic
neurons of the nucleus accumbens (where dopamine signaling in response to food or drugs
occurs) suggests that AMPD2 has effects on craving at the central level independently of
fructose metabolism, especially since to date fructokinase C has not been detected in this
part of the brain.

We also have found that mice lacking AMPD1 or AMPDS3 (the two other isoforms of AMPD)
do not show craving for fructose, showing that the craving effects of sugar and fructose are
specific for the AMPD2 isoform (FIG. 3). Thus, to block the craving to sugar, sucralose or

other dopamine stimulating agents, one must either use a specific AMPD2 inhibitor or a pan
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AMPD inhibitor with activity against the AMPD2 isoform.

One of the major pathways involved in addiction is the activation of the transcription factor,
delta Fos B (AFosB) in the nucleus accumbens. This activation is common to multiple
addictive drugs, including alcohol, cocaine, and narcotics (Chao & Nestler, Annu Rev Med,
2004, 55:113-32). As shown in FIG. 5, delta FosB is also activated in the nucleus
accumbens in response to sugar (sucrose), fructose, glucose and other sweeteners.

However, mice lacking AMPD2 show no induction of AFosB.

Consistent with direct activity on the nucleus accumbens, we have also found that AMPD2
KO mice are protected from the craving of alcohol (FIG. 6). Specifically, when Wild type
C57BI6 mice are provided a choice between drinking water containing alcohol versus regular
water (two bottle preference testing), the mice preferentially drink alcohol, and this increases
over time as the alcohol content is progressively increased from 3 to 10 percent. In
contrast, AMPD2 KO mice prefer water over alcohol, and drink less alcohol containing water

as the alcohol concentration is increased.

Nicotine is another substance known to be addicting in humans. AMPD2 also has a role in
the craving for nicotine (FIG. 7). When wild type mice are offered water containing either
nicotine or regular water, they will drink nicotine-containing water approximately 30 percent
of the time, but AMPD2 KO mice only drink nicotine-containing water about 10 percent of the
time, and over time this results in a significant decreased nicotine intake in mice lacking
AMPD2.

The benefit from blocking AMPD2 on craving is not limited to mice genetically lacking
AMPD2. Recently an inhibitor for AMPD2 was published, and we made a racemate of the
active compound 1 (Figure 2 in the paper by Admyre et al Chem Biol 2014; 21:1488-1496).
As shown in FIG. 8, the administration of the AMPD inhibitor orally by gavage (50 mg/kg/d)
resulted in both an inhibition of AMPD2 activity in the liver and also blocked the craving for
fructose.

The use of AMPD inhibitors may thus provide a variety of benefits. First, they will have
significant benefit in blocking the craving of sugar or other sweeteners. This indirectly may
lead to a reduction in sugar intake, that could have downstream benefits for those trying to
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diet or lose weight, or who are trying to block the metabolic effects of fructose. Second,
blocking AMPD2 will also have other benefits by blocking the craving for other addictive or
‘habit-forming’ substances, including, for example, nicotine, cocaine, opioids, alcohol,
cannabinoids, methylphenidate, phencyclidine, and substituted amphetamines. This benefit
is expected due to the ability of AMPD2 blockade to prevent the upregulation of AFosB in the
nucleus accumbens, which is a critical regulator of craving and addiction to cocaine,
narcotics, alcohol, opiates, amphetamines, marijuana, and other addicting drugs (see Li et
al. Synapse 2008, 62(5):358-69, and Ruffle, Am J Drug Alcohol Abuse, 2014 40(6):428-37).

In another embodiment, AMPD2 could be activated in order to treat or subjects suffering
from anorexia nervosa or to stimulate food intake, such as in a person with cachexia from
cancer or other illnesses. AMPD2 can also generate IMP (see FIG. 1), which is taste
enhancer. We found, however, that IMP also enhanced the intake of food (which was not
anticipated based on the literature), including in response to fructose or regular chow. FIG. 9
shows the effect of adding IMP to the water of rats receiving fructose (5%) in their water.
Within 3 weeks the addition of IMP was associated with increased weight gain. Likewise,
IMP was also found to stimulate weight gain and food intake in animals in normal chow (right
panel) and that this potentiated the effects of MSG (5% in the water). Hence, IMP, a product
of AMPD2, when given in the diet can enhance food intake and weight gain, and hence may
be useful as a means for increasing food intake in subjects with low body weight, anorexia

nervosa, or cachexia of any cause.

Exemplary disorders to be treated, and exemplary risk factors to be ameliorated by the
compositions and methods described herein include, but are not limited to, sugar craving,
salt craving, umami craving, alcohol or drug addiction, sex addiction, addiction to nicotine,
and/or other craving or addiction-related behavior of a mammal. Other disorders include
obesity, fatty liver, or diabetes where craving for sugar and sweets may be problematic. In
further embodiments, the compositions and methods described herein may be or may also
be administered to a subject to provide a diminished craving in the subject for fructose
and/or fructose-containing sugars or other sugars such as sucrose, glucose or sucralose, in
non-limiting examples, to reduce body mass index or to improve kidney function. As set
forth herein, the methods and compositions described herein may be administered to a
subject as the single therapy or along with a conjunctive therapeutic agent, which is
administered to a subject to treat or prevent the same or distinct disorder or physical
condition as the AMPD2 inhibitor.
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DEFINITIONS

As used herein, the terms “administering” or "administration” of an agent, drug, or peptide to
a subject includes any route of introducing or delivering to a subject a compound to perform
its intended function. The administering or administration can be carried out by any suitable
route, including orally, intranasally, parenterally (intravenously, intramuscularly,
intraperitoneally, or subcutaneously), rectally, or topically. Administering or administration
includes self-administration and the administration by another.

As used herein, the terms "co-administered, “co-administering,” or "concurrent
administration”, when used, for example with respect to administration of a conjunctive agent
along with administration of an AMPD or AMPD2 inhibitor refers to administration of the
AMPD or AMPD2 inhibitor and the conjunctive agent such that both can simultaneously
achieve a physiological effect. The two agents, however, need not be administered together.
In certain embodiments, administration of one agent can precede administration of the other,
however, such co-administering typically results in both agents being simultaneously present
in the body (e.g. in the plasma) of the subject.

As used herein, the terms “diabetic” or “diabetes” refers to Type 1 diabetes, wherein the
pancreas produces little or no insulin; Type 2 diabetes, wherein the body becomes resistant
to the effects of insulin or produces little or no insulin.; or disease state occurring as
sequelae of other primary diseases that include the symptoms of either or both of elevated
blood sugar (hyperglycemia) and the excretion of sugar in the urine (glycosuria).

[IT]

As used herein, the terms “disease,” “disorder,” or “complication” refers to any deviation from
a normal state in a subject. In exemplified embodiments, the disease, disorder or
complication pertains to a craving or addiction. The disease, disorder or complication may
be characterized where the expression and/or activity of an AMPD2 protein differs between
subjects with disease and subjects not having disease or where a change in AFosB
expression in the nucleus accumbens differs between subjects with disease and subjects not
having disease. Diseases may include psychological diseases, such as drug or alcohol
addictions, and also cravings for sugar, salt, umami, and other cravings known to those

skilled in the art. Diseases may include diabetic-related diseases.
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LIS " @

As used herein, by the term “effective amount,” “amount effective,” “therapeutically effective
amount,” or the like, it is meant an amount effective at dosages and for periods of time
necessary to achieve the desired result. In the case of the co-administration of an AMPD2
inhibitor with a conjunctive agent as described herein, the conjunctive agent, the AMPD2
inhibitor, or the combination of the AMPD2 inhibitor and the conjunctive agent may supply

the effective amount.

As used herein, the term "expression” in the context of a gene or polynucleotide involves the
transcription of the gene or polynucleotide into RNA. The term may also, but not necessarily,
involve the subsequent translation of the RNA into polypeptide chains and their assembly

into proteins.

As used herein, the terms "interfering molecule” refer to all molecules, e.g., RNA or RNA-like
molecules, which have a direct or indirect influence on gene expression, such as the
silencing of a target gene sequence. Examples of other interfering RNA molecules include
siRNAs, short hairpin RNAs (shRNAs), single-stranded siRNAs, microRNAs (miRNAs),
methylated siRNAs or other siRNAs treated to protect the siRNA from degradation by
circulating RNases, and dicer-substrate 27-mer duplexes. Examples of "RNA-like" molecules
include, but are not limited to, siRNA, single-stranded siRNA, microRNA, and shRNA
molecules that contain one or more chemically modified nucleotides, one or more non-
nucleotides, one or more deoxyribonucleotides, and/or one or more non-phosphodiester
linkages. Thus, siRNAs, single-stranded siRNAs, shRNAs, miRNAs, and dicer-substrate 27-
mer duplexes are subsets of "interfering molecules.” “Interfering molecules” also may include
PMOs.

As used herein, the terms “phosphothioate morpholino oligomer(s),” “a PMO” “PMOs” refer
to molecules having the same nucleic acid bases naturally found in RNA or DNA (i.e.
adenine, cytosine, guanine, uracil or thymine), however, they are bound to morpholine rings
instead of the ribose rings used by RNA. They may also linked through phosphorodiamidate
rather than phosphodiester or phosphorothioate groups. This linkage modification eliminates
ionization in the usual physiological pH range, so PMOs in organisms or cells are uncharged

molecules. The entire backbone of a PMO is made from these modified subunits.

As used herein, the term “antisense sequence” refers to an oligomeric compound that is at

10
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least partially complementary to a target nucleic acid molecule to which it hybridizes. In
certain embodiments, an antisense compound modulates (increases or decreases)
expression of a target nucleic acid. Antisense compounds include, but are not limited to,
compounds that are oligonucleotides, oligonucleosides, oligonucleotide analogs,

oligonucleotide mimetics, and chimeric combinations of these.

As used herein, the term "RNA interference” (RNAI) refers to a post-transcriptional gene
silencing (PGSR) process whereby one or more exogenous small interfering RNA (siRNA)
molecules are used to silence expression of a target gene. RNAI includes double-stranded
RNA species mediating RNA interference (RNAD. BNAI is the process of sequence-specific,
post-transcriptional gene silencing in animals and plants, initlated by double-stranded RNA
{dsRNA) that is homologous in sequence to the silenced gene. Methods relating to the use
of RNAI to silence genes in humans are known in the art (Fire A, et al., 1998 Nalture 351:
806-811; Fire, A. Trends Genet. 15,358-363 (1999); Sharp, P. A, RNA interference 2001.
Genes Dev. 15,485-480 (2001); Hammond, 5. M., et al, Nature Rev. Genet. 2,110-1118
(2001); Tuschi, T. Chem. Biochem. 2,239-245 (2001); Hamilton, A. et al., Science 286,850-
952 {1999); Hammond, S. M., et al., Nature 404,293-296 (2000); Zamore, P. D., et al., Cell
1014,25-33 (2000); Bemstein, k., e al., Nature 409,363-366 {2001}, Elbashir, 8. M., et al,,
Genes Dev. 15,188-200 (2001); W001293058 ; W08932619 ; Elbashir SM, et al., 2001 Nature
411. 494-498). BNAI may be used io knock down expression of AMPD Glis
4557310,14043442, and 4502078 in various cell lines using small interfering RNAs (siRNA,
Elbashir et al, supra). Examples of BNAI agents include siRNA and shRNA.

As used herein, "siRNAs" (short interfering RNAs) refer to double-stranded RNA molecules,
generally around 15-30 nucleotides in length, that are complementary to the sequence of the
mRNA molecule transcribed from a target gene.

As used herein, "shRNAs" (small hairpin RNAs) are short "hairpin-turned” RNA sequences
that may be used to inhibit or suppress gene expression.

As used herein, a “composition,” "pharmaceutical composition" or “therapeutic agent” all
include a composition comprising at least an AMPD2 inhibitor. Optionally, the “composition,”
"pharmaceutical composition” or “therapeutic agent” further comprises pharmaceutically
acceptable diluents or carriers. In the case of an interfering molecule, for example, the

interfering molecule may be combined with one or more pharmaceutically acceptable
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diluents, such as phosphate-buffered saline, for example. As used herein, a pharmaceutical
composition particularly refers to a composition comprising at least an AMPD2 inhibitor that

is intended to be administered to a subject as described herein.

As used herein, the term “AMPD2 inhibitor” is an agent that inhibits AMPD2. It also includes
a PAN AMPD inhibitor that has AMPD2 inhibitory activity. AMPD inhibitors are known2-14
and include molecules and compounds such as those described herein, and those described
in Admyre and Kasibhalta references incorporated by reference herein'®'4, For example,
AMPD inhibitors include: N3-Substituted coformycin aglycon analogues with improved AMP
deaminase (AMPDA) inhibitory potency are described. Replacement of the 5-carboxypentyl
substituent in the lead AMPDA inhibitor 3-(5-carboxypentyl)-3,6,7,8-tetrahydroimidazo[4,5-
d][1, 3]diazepin-8-ol (2) described in the previous article with various carboxyarylalkyl groups
resulted in compounds with 10-100-fold improved AMPDA inhibitory potencies. The optimal
N3 substituent had m-carboxyphenyl with a two-carbon alkyl tether. For example, 3-[2-(3-
carboxy-5-ethylphenyl)ethyl]-3,6,7,8-tetrahydroimidazo[4, 5-d][1,3]diazepin-8-ol (43g)
inhibited human AMPDA with a K(i) = 0. 06 microM. The compounds within the series also
exhibited >1000-fold specificity for AMPDA relative to adenosine deaminase'®'4. 3-[2-(3-
carboxy-4-bromo-5,6,7,8-tetrahydronaphthyl)ethyl]-3,6,7,8-tetrahyd roimidazo[4,5-
d][1,3]diazepin-8-ol (24b), represents a 10- to 250-fold enhancement in AMPDA inhibitory
potency without loss in the enzyme specificity. The potency of the inhibitor 24b (AMPDA K(i)
= 0.002 microM) is 10(5)-fold lower than the Km for the substrate AMP. It represents the
most potent nonnucleotide AMPDA inhibitor known3-1* Additional compounds include those
disclosed in Admyre et al. (supra): Compound 1, Compound Il and Compound Il 6-(4-((1-
(Isoquinolin-8-yl)ethylamino)methyl)phenyl)nicotinic acid (including enantiomers), Compound
IV 4'-((1-(Isoquinolin-8-yl)ethylamino)methyl)-3-methoxybiphenyl-4-carboxylic acid, and
others: N-(Isoquinolin-8-ylmethylene)-2-methylpropane-2-sulfinamide; 4'-Formyl-3-

methoxybiphenyl-4-carboxylic acid'®

As used herein, the term “AMPD” refers to AMPD2 and other isoforms of AMPD, including
AMPD2, unless otherwise specified.

As used herein, the term “subject” refers to any animal (e.g., @ mammal), including, but not

limited to, humans, non-human primates, rodents, and the like, which is to be the recipient of
a particular treatment.
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As used herein, the terms "treating” or "treatment” or "alleviation” refers to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to prevent or
slow down (lessen), reduce symptoms, or delay progression the targeted disease, disorder

or complication.

As used herein, the terms “craving” and “addiction” may be used interchangeably in certain
embodiments. Typically “craving” is used in reference to sugar, salt and umami, and
“addiction” is used in reference to addictive substances that, for example, stimulate
dopaimine, including alcohol, sex and drugs such as nicotine, cocaine, opioids,
cannabinoids, methylphenidate, phencyclidine, and substituted amphetamines,. See Nieh et
al., 2015, Cell 160, 528-541; Shulte et al., PLOSone, 10(2): e0117959. D0i:10.1371/journal.
Pone.0177959, and Avena et al., Neurosci Biobehav Rev. 2008; 32(1): 20-39 for sugar
addiction. In a specific embodiment, an AMPD2 related addiction refers to an addiction

associated with elevated amounts of AFosB in the nucleus accumbens of a subject.

Description of exemplary embodiments

The mechanism by which sugar and other cravings occur has remained a mystery. It was
originally thought that there might be a major role for taste receptors, but when taste
receptor signaling is blocked, sugar (sucrose) still induces a robust dopamine response in
the brain (14). The present inventors have shown that the craving for fructose and sugar
(sucrose) is dependent on AMPD2. Specifically, AMPD2 deficient, also known as, knockout
mice (KO mice) show a decrease in preference to no preference of water containing fructose
(fructose-water), or fructose-containing sugar (sucrose, high fructose corn syrup) over
drinking water alone. Also, AMPD2 deficiency in these mice is associated with reduced
intake of glucose. In contrast, mice expressing AMPD2 (wild type, WT mice) exposed to
both water and fructose-water show an increase in consumption of and an increase in
preference to drinking fructose-water as compared to non-fructose water. Similarly, wild type
mice have increased preference for sucrose, high fructose corn syrup and glucose than
AMPD2 deficient mice.

These studies show that blocking AMPD2 can decrease or inhibit the craving of fructose and

other sugars including fructose- and non-fructose containing sugars, and also reduce the

craving for fructose-containing sugars, sucralose, and glucose, for example.
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In accordance with one aspect of the present invention, there are provided methods and
compositions comprising AMPD2 inhibitors for blocking AMPD2 to correspondingly reduce
the craving of sugars, including fructose, sucralose, glucose, sucrose, and other
monosaccharides. The craving for sugars that can be converted to fructose in the body, such
as sorbitol, will also be reduced.

In accordance with another aspect of the present invention, since repeated sugar intake from
craving can induce obesity, there are provided methods and compositions comprising
AMPD2 inhibitors that are able to block sugar craving syndromes and hence be an
adjunctive treatment for obesity. Accordingly, one embodiment provided is treatment of
obesity by administering a therapeutically effective amount of an AMPD2 inhibitor.

In accordance with another aspect of the present invention, there is provided a method for
reducing a craving for fructose and/or fructose-containing sugars or other sugars in a
subject, the method comprising inhibiting AMDP2 activity in the subject. In one embodiment,

the method comprises administering an AMPD2 inhibitor to the subject.

In accordance with another aspect of the present invention, there is provided a composition
useful for decreasing a craving for sugar, sugar-containing compounds, other sweeteners
and monosaccharides, the composition comprising an AMPD2 inhibitor and optionally, a
conjunctive therapeutic agent.

In accordance with another aspect of the present invention, there is provided a method for
treating a sugar craving, a salt-craving, and/or an umami craving. The method comprises
administering to the subject a therapeutically effective amount of an AMPD2 inhibitor. A
composition for treating a sugar craving, a salt-craving, an umami craving, and methods or
compositions for treating other addictions, including narcotic or other drug (cocaine)
additions, alcohol addictions, smoking (nicotine) addiction, sex addiction among other
addictions is also provided, as well as a method of treating such cravings or addiction by
administering a therapeutically effective amount of an AMPD2 inhibitor containing
composition to a subject are also provided herein.

In accordance with another aspect of the present invention, there is provided a method for

diminishing, inhibiting or eliminating addiction-related behavior of a subject, wherein said
method comprises administering a composition comprising an AMPD2 inhibitor (to inhibit
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AMPD2) to the subject, and wherein the addiction-related behavior is associated with a
craving for sugar, salt, umami, or addiction to drug or alcohol intake or a sex addiction. A
composition for diminishing, inhibiting or eliminating addiction-related behavior of a mammal
comprising an AMPD2 inhibitor may likewise be provided.

The present inventors have made novel discoveries that were not predicted based on the
currently published literature. First, the inventors have discovered that a limitation or
elimination of craving for sugar and or fructose can be accomplished with the inhibition or
blocking of AMPD2 enzyme or a pan-AMPD inhibitor in a subject. Furthermore, the
inventors have discovered that inhibition of the AMPD2 isoform or a general AMPD inhibitor
that has activity against AMPD2 may also be able to block other types of craving unrelated
to fructose metabolism (such as for glucose, sucralose, or other) is particularly relevant in

eliminating or limiting cravings as described herein.

Further, the present inventors have also shown a dose-dependent effect of AMPD2
inhibition. The inventors have demonstrated that heterozygous mice have half the AMPD2
expression, and, half the response to fructose-water as compared to wild type mice and
knockout mice. Heterozygous mice have less preference to fructose-water than wild type

mice, but show an increased preference to fructose-water than knockout mice.

Moreover, the present inventors have found that AMPD2 inhibitors are also useful in
decreasing a craving or decreasing a preference for sweeteners and other monosaccharides
(i.e, fructose, glucose) as well as artificial sweeteners (sucralose) compared to wild type
animals. In one example, a 24 hour study was conducted in which mice were exposed to
water, sucralose (0.04%), glucose (10%), and fructose (15%), and the water consumption
was higher in the wild type mice than in AMPD2 deficient mice (KO) exposed to these

sweeteners and monosaccharides.

In accordance with one aspect of the present invention, the AMPD2 inhibitors described
herein are useful as an adjunct treatment for obesity in subjects by helping in reducing sugar

craving and consumption.
In accordance with another aspect of the present invention, there is provided a composition

for treating or preventing a complication characterized by an increased presence or activity
of AMPD2 by administering an AMPD2 inhibitor.
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The AMPD2 inhibitor may include one or more of a ribozyme, an interfering molecule, a
peptide, a small molecule, or an antibody targeted to AMPD2. In a particular embodiment,
the AMPD2 inhibitor comprises an interfering molecule that can participate in changes in
gene expression of AMPD2, such as the silencing of expression of the AMPD2. Without
limitation, the interfering molecule may comprise a phosphothioate morpholino oligomer

(PMO), miRNA, siRNA, shRNA, any other antisense sequence, or any combination thereof.

AMPD2 can be inhibited by a number of means as set forth further below, including silencing
via miRNA, shRNA, siRNA, or a PMO directed to a portion of the sequence described at the
genbank accession numbers provided below. See U.S Patent Publication 20060110440 for
background on siRNA silencing, the entirety of which is hereby incorporated by reference.
As discussed above, agents can be developed to inhibit AMPD2 to achieve a beneficial
effect on obesity, metabolic syndrome and related diseases and complications, sugar and
other cravings discussed herein and other addictions including drug and alcohol addictions.

It is noted that the compositions and methods disclosed herein may be administered to any
subject as defined herein. In one embodiment, the subject is human. In another
embodiment, the subject is a pet, e.qg., cat, dog, or the like, and in a particular embodiment,
is an overweight pet or animal. It is further noted that a corresponding composition, e.g., a
pharmaceutical composition, may be provided for use in any method described

Gene Expression

In another embodiment, test compounds which increase or decrease AMPD2 gene
expression are identified. An AMPD polynucleotide is contacted with a test compound, and
the expression of an RNA or polypeptide product of the AMPD polynucleotide is determined.
The level of expression of appropriate mRNA or polypeptide in the presence of the test
compound is compared to the level of expression of mMRNA or polypeptide in the absence of
the test compound. The test compound can then be identified as a modulator of expression
based on this comparison. For example, when expression of mRNA or polypeptide is greater
in the presence of the test compound than in its absence, the test compound is identified as
a stimulator or enhancer of the mRNA or polypeptide expression. Alternatively, when
expression of the mRNA or polypeptide is less in the presence of the test compound than in
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its absence, the test compound is identified as an inhibitor of the mRNA or polypeptide

expression.

The level of AMPD2 mRNA or polypeptide expression in the cells can be determined by
methods well known in the art for detecting mRNA or polypeptide. Either qualitative or
quantitative methods can be used. The presence of polypeptide products of an AMPD2
polynucleotide can be determined, for example, using a variety of techniques known in the
art, including immunochemical methods such as radioimmunoassay, Western blotting, and
immunohistochemistry. Alternatively, polypeptide synthesis can be determined in vivo, in a
cell culture, or in an in vitro translation system by detecting incorporation of labeled amino
acids into an AMPD2 polypeptide.

Such screening can be carried out either in a cell-free assay system or in an intact cell. Any
cell which expresses an AMPD2 polynucleotide can be used in a cell-based assay system.
The AMPD2 polynucleotide can be naturally occurring in the cell or can be introduced using
techniques such as those described above. Either a primary culture or an established cell

line, such as CHO or human embryonic kidney 293 cells, can be used.

Pharmaceutical Compositions

The invention also pertains to compositions, e.g., pharmaceutical compositions, comprising
one or more therapeutic agents that inhibit AMPD2. In one embodiment, the therapeutic
agents inhibit AMPD2. Therapeutic agents include those that are identified by screening
methods that utilize AMPD2 polypeptides and/or polynucleotides. Therapeutic agent(s) can
be administered to a patient to achieve a therapeutic effect, i.e. useful in modulating AMPD2
activity and in turn, treating and/or preventing obesity, sugar cravings, and/or other cravings
described herein. Compositions of the invention can comprise, for example, therapeutic
agents identified by a screening method embodiment described herein, which are identified
by their ability to bind to or affect activity of AMPD2 polypeptides, or bind to and/or affect
expression of AMPD2 polynucleotides. The compositions can be administered alone or in
combination with at least one other agent, such as stabilizing compound, which can be
administered in any sterile, biocompatible pharmaceutical carrier, including, but not limited
to, saline, buffered saline, dextrose, and water. The compositions can be administered to a
patient alone, or in combination with other agents, drugs or hormones.
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In addition to the active ingredients, these compositions can contain suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate
processing of the active compounds into preparations which can be used pharmaceutically.
Compositions of the invention can be administered by any number of routes including, but
not limited to, oral, intravenous, intramuscular, intra-arterial, intramedullary, intrathecal,
intraventricular, transdermal, subcutaneous, intraperitoneal, intranasal, parenteral, topical,
sublingual, or rectal means. Compositions for oral administration can be formulated using
pharmaceutically acceptable carriers well known in the art in dosages suitable for oral
administration. Such carriers enable the pharmaceutical compositions to be formulated as
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for
ingestion by the patient.

Further details on techniques for formulation and administration can be found in the latest
edition of REMINGTON'S PHARMACEUTICAL SCIENCES (Maack Publishing Co., Easton,
Pa., which is incorporated herein by reference). After pharmaceutical compositions have
been prepared, they can be placed in an appropriate container and labeled for treatment of
an indicated condition. Such labeling would include amount, frequency, and method of

administration.

Accordingly, some examples of an agent having therapeutic activity as described herein,
include but are not limited to a modulating agent, an antisense nucleic acid molecule, small
molecule AMPD2 inhibitors, peptide inhibitors, a specific antibody, ribozyme, interfering
molecules, or an AMPD2 polypeptide binding molecule targeted to AMPD2. In one
embodiment, the agent comprises an interfering molecule and the interfering molecule
comprises a phosphothioate morpholino oligomer (PMO), miRNA, methylated miRNA,
treated-miRNA, siRNA, shRNA, antisense RNA, and any combination thereof.

Each of the compositions and methods described herein may include an effective amount of
the AMPD2 inhibitor. In one embodiment, the AMPD2 inhibitor is combined with one or
more conjunctive therapeutic agents to bring about a desired effect in the subject. This
effect may be realized by an effective amount of the AMPD2 inhibitor, an effective amount of
the conjunctive agent, or an effective amount of the combination of the AMPD2 and the one
or more conjunctive therapeutic agents. It is understood that the administration of the
AMPD2 inhibitor with one or more conjunctive therapeutic agents may advantageously
increase an efficacy of the AMPD?2 inhibitor, the conjunctive therapeutic agent, or both.
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In certain embodiments, inhibiting AMPD2 involves downregulation of gene expression,
translation or activity of AMPD genes.

The methods and compositions described herein may be directed at inhibiting expression of
inhibiting the gene expression, translation or activity of genes. In a particular embodiment,
the methods and compositions described herein are directed at inhibiting the gene
expression, translation or activity of AMPD2.

Agents can be used in an animal model to determine the efficacy, toxicity, or side effects of
treatment with such an agent. In addition, compositions may include a conjunctive agent in
addition to the therapeutic agents of the present invention. A comprehensive discussion of
many different agents that can be used in combination with a therapeutic agent comprising
an AMPD2 inhibitor is described in U.S. Patent Pub. 20080255101, the entirety of which is
incorporated by reference herein. According to specific embodiments, small molecule
AMPD2 inhibitors include, but are not limited to, 3-[2-(3-carboxy-4-bromo-5,6,7,8-
tetrahydronaphthyl)ethyl]-3,6,7,8-tetrahydroimidazo[4,5-d] [1,3] diazepin-8-ol'3.

Exemplary compounds include for use in combination or co-administration with the
therapeutic agent(s) or composition comprising an AMPD2inhibitor as described herein may
be selected from the group consisting of angiotensin-converting enzyme (ACE) inhibitors,
aldosterone antagonists, amphetamines, amphetamine-like agents, Angiotensin Il receptor
antagonists, anti-oxidants, aldose reductase inhibitors, biguanides, sorbitol dehydrogenase
inhibitors, thiazolidinediones (glitazones), thiazide and thiazide-like diuretics, triglyceride
synthesis inhibitors, uric acid lowering drugs, e.g., xanthine oxidase inhibitors,

ketohexokinase (fructokinase) inhibitors and combinations thereof.

Those skilled in the art will appreciate that numerous delivery mechanisms are available for
delivering a therapeutic agent to an area of need. By way of example, the agent may be
delivered using a liposome as the delivery vehicle. Preferably, the liposome is stable in the
animal into which it has been administered for at least about 30 minutes, more preferably for
at least about 1 hour, and even more preferably for at least about 24 hours. A liposome
comprises a lipid composition that is capable of targeting a reagent, particularly a
polynucleotide, to a particular site in an animal, such as a human.
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A liposome useful in the present invention comprises a lipid composition that is capable of
fusing with the plasma membrane of the targeted cell to deliver its contents to the cell.
Preferably, the transfection efficiency of a liposome is about 0.5 ug of DNA per 16 nmole of
liposome delivered to about 106 cells, more preferably about 1.0 g of DNA per 16 nmole of
liposome delivered to about 108 cells, and even more preferably about 2.0 ug of DNA per 16
nmol of liposome delivered to about 108 cells. Preferably, a liposome is between about 100
and 500 nm, more preferably between about 150 and 450 nm, and even more preferably
between about 200 and 400 nm in diameter.

Suitable liposomes for use in the present invention include those liposomes conventionally
used in, for example, gene delivery methods known to those of skill in the art. More preferred
liposomes include liposomes having a polycationic lipid composition and/or liposomes
having a cholesterol backbone conjugated to polyethylene glycol. Optionally, a liposome
comprises a compound capable of targeting the liposome to a particular cell type, such as a
cell-specific ligand exposed on the outer surface of the liposome.

Complexing a liposome with a reagent such as an antisense oligonucleotide or ribozyme can
be achieved using methods which are standard in the art (see, for example, U.S. Pat. No.
5,705,151). Preferably, from about 0.1 g to about 10 g of polynucleotide is combined with
about 8 nmol of liposomes, more preferably from about 0.5 ug to about 5 pg of
polynucleotides are combined with about 8 nmol liposomes, and even more preferably about

1.0 ug of polynucleotides is combined with about 8 nmol liposomes.

In another embodiment, antibodies can be delivered to specific tissues in vivo using
receptor-mediated targeted delivery. Receptor-mediated DNA delivery techniques are taught
in, for example, Findeis et al. Trends in Biotechnol. 11, 202-05 (1993); Chiou et al., GENE
THERAPEUTICS: METHODS AND APPLICATIONS OF DIRECT GENE TRANSFER (J. A.
Wolff, ed.) (1994); Wu & Wu, J. Biol. Chem. 263, 621-24 (1988); Wu et al., J. Biol. Chem.
269, 542-46 (1994); Zenke et al., Proc. Natl. Acad. Sci. U.S.A. 87, 3655-59 (1990); Wu et al.,
J. Biol. Chem. 266, 338-42 (1991).

2.1 Determination of a Therapeutically Effective Dose
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The determination of a therapeutically effective dose of therapeutic agents identified by a
screening method herein is well within the capability of those skilled in the art. A
therapeutically effective dose refers to that amount of active ingredient which modulates
AMPD2 activity compared to that which occurs in the absence of the therapeutically effective
dose.

Therapeutic efficacy and toxicity, e.g., ED50 (the dose therapeutically effective in 50% of the
population) and LD50 (the dose lethal to 50% of the population), can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals. The dose ratio
of toxic to therapeutic effects is the therapeutic index, and it can be expressed as the ratio,
LD50 /ED50.

The exact dosage will be determined by the practitioner, in light of factors related to the
subject that requires treatment. Dosage and administration are adjusted to provide sufficient
levels of the active ingredient or to maintain the desired effect. Factors which can be taken
into account include the severity of the disease state, general health of the subject, age,
weight, and gender of the subject, diet, time and frequency of administration, drug
combination(s), reaction sensitivities, and tolerance/response to therapy. Long-acting
compositions can be administered every 3 to 4 days, every week, or once every two weeks
depending on the half-life and clearance rate of the particular formulation.

Normal dosage amounts can vary from 0.1 to 100,000 micrograms, up to a total dose of
about 1 g, depending upon the route of administration. Guidance as to particular dosages
and methods of delivery is provided in the literature and generally available to practitioners in
the art. Those skilled in the art will employ different formulations for nucleotides than for
proteins or their inhibitors. Similarly, delivery of polynucleotides or polypeptides will be

specific to particular cells, conditions, locations, etc.

Preferably, a therapeutic agent reduces expression of an AMPD gene or the activity of an
AMPD polypeptide by at least about 10, preferably about 50, more preferably about 75, 90,
or 100% relative to the absence of the reagent. The effectiveness of the mechanism chosen
to decrease the level of expression of an AMPD gene or the activity of an AMPD polypeptide
can be assessed such as by hybridization of nucleotide probes to AMPD-specific mRNA,
guantitative RT-PCR, immunologic detection of an AMPD polypeptide, or measurement of
AMPD activity.
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22 Conjunctive Therapeutic Agents

In any of the embodiments described above, any of the compositions of the invention can be
co-administered with other appropriate therapeutic agents (conjunctive agent or conjunctive
therapeutic agent) for the treatment or prevention of a target disease. Selection of the
appropriate conjunctive agents for use in combination therapy can be made by one of
ordinary skill in the art, according to conventional pharmaceutical principles. The
combination of therapeutic agents can act synergistically to effect the treatment or
prevention of the various disorders described above. Using this approach, one may be able
to achieve therapeutic efficacy with lower dosages of each agent, thus reducing the potential
for adverse side effects.

Exemplary conjunctive agents that may be formulated and/or administered with any form of
an AMPD2 inhibitor as described herein include, but are not limited to, angiotensin-
converting enzyme (ACE) inhibitors, aldosterone antagonists, amphetamines, amphetamine-
like agents, Angiotensin Il receptor antagonists, anti-oxidants, aldose reductase inhibitors,
biguanides, sorbitol dehydrogenase inhibitors, thiazolidinediones (glitazones), thiazide and
thiazide-like diuretics, triglyceride synthesis inhibitors, uric acid lowering agents, e.g.,
xanthine oxidase inhibitors, fructokinase inhibitors, and combinations thereof.

Exemplary ACE inhibitors include, but are not limited to, Benazepril (Lotensin), Captopril ,
Enalapril (Vasotec), Fosinopril, Lisinopril (Prinivil, Zestril), Moexipril (Univasc), Perindopril
(Aceon), Quinapril (Accupril), Ramipril (Altace), Trandolapril (Mavik), and combinations
thereof.

Exemplary aldosterone antagonists include, but are not limited to, Spironolactone,
Eplerenone, Canrenone (canrenoate potassium), Prorenone (prorenoate potassium),

Mexrenone (mexrenoate potassium), and combinations thereof.

Exemplary amphetamines include, but are not limited to, amphetamine, methamphetamine,
methylphenidate, p-methoxyamphetamine, methylenedioxyamphetamine, 2,5-dimethoxy-4-
methylamphetamine, 2,4,5-trimethoxyamphetamine, and 3,4-
methylenedioxymethamphetamine, N-ethylamphetamine, fenethylline, benzphetamine, and
chlorphentermine as well as the amphetamine compounds of Adderall. RTM.; actedron;
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actemin; adipan; akedron; allodene; alpha-methyl-(.+-.)-benzeneethanamine; alpha-
methylbenzeneethanamine; alpha-methylphenethylamine; amfetamine; amphate; anorexine;
benzebar; benzedrine; benzyl methyl carbinamine; benzolone; beta-amino propylbenzene;
beta-phenylisopropylamine; biphetamine; desoxynorephedrine; dietamine; DL-amphetamine;
elastonon; fenopromin; finam; isoamyne; isomyn; mecodrin; monophos; mydrial;
norephedrane; novydrine; obesin; obesine; obetrol; octedrine; oktedrin; phenamine;
phenedrine; phenethylamine, alpha-methyl-; percomon; profamina; profetamine;
propisamine; racephen; raphetamine; rhinalator, sympamine; simpatedrin; simpatina;
sympatedrine; and weckamine. Exemplary amphetamine-like agents include but are not
limited to methylphenidate. Exemplary compounds for the treatment of ADD include, but are
not limited to, methylphenidate, dextroamphetamine/ amphetamine, dextroamphetamine,

and atomoxetine (non-stimulant).

Exemplary Angiotensin |l receptor antagonists or angiotensin receptor blockers (ARBSs)
include, but are not limited to losartan, irbesartan, olmesartan, candesartan, valsartan, and

combinations thereof.

Exemplary anti-oxidant compounds include but are not limited to L-ascorbic acid or L-
ascorbate (vitamin C), menaquinone (vitamin K 2 ), plastoquinone, phylloquinone (vitamin K
1), retinol (vitamin A), tocopherols (e.g., a, B, y and d-tocotrienols, ubiquinol, and ubiquione
(Coenzyme Q10)); and cyclic or polycyclic compounds including acetophenones,
anthroguinones, benzoquiones, biflavonoids, catechol melanins, chromones, condensed
tannins, coumarins, flavonoids (catechins and epicatechins), hydrolyzable tannins,
hydroxycinnamic acids, hydroxybenzyl compounds, isoflavonoids, lignans, naphthoquinones,
neolignans, phenolic acids, phenols (including bisphenols and other sterically hindered
phenols, aminophenols and thiobisphenols), phenylacetic acids, phenylpropenes, stilbenes
and xanthones. Additional cyclic or polycyclic antioxidant compounds include apigenin,
auresin, aureusidin, Biochanin A, capsaicin, catechin, coniferyl alcohol, coniferyl aldehyde,
cyanidin, daidzein, daphnetin, deiphinidin, emodin, epicatechin, eriodicytol, esculetin, ferulic
acid, formononetin, gernistein, gingerol, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid, 3-
hydroxycoumarin, juglone, kaemferol, lunularic acid, luteolin, malvidin, mangiferin, 4-
methylumbelliferone, mycertin, naringenin, pelargonidin, peonidin, petunidin, phloretin, p-
hydroxyacetophenone, (+)-pinoresinol, procyanidin B-2, quercetin, resveratol, resorcinol,
rosmaric acid, salicylic acid, scopolein, sinapic acid, sinapoyl-(S)-maleate, sinapyl aldehyde,
syrginyl alcohol, telligrandin umbelliferone and vanillin. Antioxidants may also be obtained
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from plant extracts, e.g., from blackberries, blueberries, black carrots, chokecherries,
cranberries, black currants, elderberries, red grapes and their juice, hibiscus, oregano,
purple sweet potato, red wine, rosemary, strawberries, tea (e.g., black, green or white tea),
and from various plant ingredients as ellagic acid.

Exemplary aldose reductase inhibitors include, but are not limited to, epalrestat, ranirestat,

fidarestat, sorbinil, and combinations thereof.

Exemplary biguanides include, but are not limited to, metformin, and less rarely used

phenformin and buformin, proguanil, and combinations thereof.

Exemplary thiazolidinediones include, but are not limited to, troglitazone, pioglitazone,

ciglitazone, rosiglitazone, englitazone, and combinations thereof.

Exemplary sorbitol dehydrogenase inhibitors are disclosed in US Patent Nos. 6,894,047,
6,570,013, 6,294,538, and US Published Patent Application No. 20050020578, the entirety
of which are incorporated by reference herein.

Exemplary thiazide and thiazide-like diuretics include, but are not limited to,

benzothiadiazine derivatives, chlortalidone, metolazone, and combinations thereof.

Exemplary triglyceride synthesis inhibitors include, but are not limited to, diglyceride
acyltransferase 1 (DGAT-1) inhibitors.

Exemplary uric acid lowering agents include, but are not limited to, xanthine oxidase
inhibitors, such as allopurinol, oxypurinol, tisopurine, febuxostat, inositols (e.g., phytic acid
and myo-inositol), fructokinase inhibitors, and combinations thereof.

Exemplary fructokinase inhibitors include, but are not limited to, osthol, alpha mangosteen,
luteolin, osthenol, or indazole derivatives (see US Pub No. 2011/0263559) or
Pyrimidinopyrimidine derivatives (US2011/0263559).
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It is appreciated that suitable conjuvant therapeutic agents for use in the present invention
may also comprise any combinations, prodrugs, pharmaceutically acceptable salts, analogs,

and derivatives of the above compounds.

In one embodiment, the AMPD inhibitor may be administered to the subject along with one
or more other therapeutic agents that are active in acute and chronic kidney disease.
Exemplary conjuvant therapeutic agents for this use include but are not limited to
angiotensin-converting enzyme (ACE) inhibitors, aldosterone antagonists, Angiotensin Il
receptor antagonists, anti-oxidants, aldose reductase inhibitors, biguanides, sorbitol
dehydrogenase inhibitors, thiazolidinediones (glitazones), xanthine oxidase inhibitors,

and/or any other agent used to treat acute or chronic kidney disease.

It is appreciated by one skilled in the art that when any one or more the AMPD inhibitors
described herein are combined with another therapeutic agent, the AMPD inhibitor(s) may
critically allow for increased efficacy of the therapeutic agent or allow for reduction of the
dose of the other therapeutic agent that may have a dose-related toxicity associated

therewith.

The mode of administration for a conjunctive formulation in accordance with the present
invention is not particularly limited, provided that the AMPD2 inhibitor and the conjunctive
agent are combined upon administration. Such an administration mode may, for example, be
(1) an administration of a single formulation obtained by formulating an AMPD2 inhibitor and
the conjunctive agent simultaneously; (2) a simultaneous administration via an identical
route of the two agents obtained by formulating an AMPD2 inhibitor and a conjunctive agent
separately; (3) a sequential and intermittent administration via an identical route of the two
agents obtained by formulating an AMPD2 inhibitor and a conjunctive agent separately; (4) a
simultaneous administration via different routes of two formulations obtained by formulating
an AMPD2 inhibitor and a conjunctive agent separately; and/or (5) a sequential and
intermittent administration via different routes of two formulations obtained by formulating an
AMPD2 inhibitor and a conjunctive agent separately (for example, an AMPD2 or its
composition followed by a conjunctive agent or its composition, or inverse order) and the
like.

The dose of a conjunctive formulation may vary depending on the formulation of the AMPD2

inhibitor and/or the conjunctive agent, the subject's age, body weight, condition, and the

25



10

15

20

25

30

35

WO 2017/180743 PCT/US2017/027207

dosage form as well as administration mode and duration. One skilled in the art would
readily appreciate that the dose may vary depending on various factors as described above,
and a less amount may sometimes be sufficient and an excessive amount should sometimes

be required.

The conjunctive agent may be employed in any amount within the range causing no
problematic side effects. The daily dose of a conjunctive agent is not limited particularly and
may vary depending on the severity of the disease, the subject's age, sex, body weight and
susceptibility as well as time and interval of the administration and the characteristics,
preparation, type and active ingredient of the pharmaceutical formulation. An exemplary
daily oral dose per kg body weight in a subject, e.g., a mammal, is about 0.001 to 2000 mg,
preferably about 0.01 to 500 mg, more preferably about 0.1 to about 100 mg as
medicaments, which is given usually in 1 to 4 portions.

When an AMPD2 inhibitor and a conjunctive agent are administered to a subject, the agents
may be administered at the same time, but it is also possible that the conjunctive agent is
first administered and then the AMPD2 inhibitor is administered, or that the AMPD?2 is first
administered and then the conjunctive agent is administered. When such an intermittent
administration is employed, the time interval may vary depending on the active ingredient
administered, the dosage form and the administration mode, and for example, when the
conjunctive agent is first administered, the AMPD2-inhibitor may be administered within 1
minute to 3 days, preferably 10 minutes to 1 day, more preferably 15 minutes to 1 hour after
the administration of the conjunctive agent. When the AMPD2 inhibitor is first administered,
for example, then the conjunctive agent may be administered within 1 minute to 1 day,
preferably 10 minutes to 6 hours, more preferably 15 minutes to 1 hour after the
administration of the AMPD2 inhibitor.

It is understood that when referring to an AMPD2 inhibitor and a conjunctive agent, it is
meant an AMPD2 inhibitor alone, a conjunctive agent alone, as a part of a composition, e.g.,
composition, which optionally includes one or more pharmaceutical carriers. It is also
contemplated that more than one conjunctive agent may be administered to the subject if
desired.
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Polypeptides

AMPD polypeptides according to an aspect of the present invention comprise at least 12, 15,
25, 50, 75, 100, 125, 150, 175, 200, 225, 250 or 265 contiguous amino acids selected from
the amino acid sequence shown in SEQ ID NOs: 7, 8, 9, 10, 11, and 12 or a biologically
active variant thereof, as defined below. An AMPD polypeptide of the invention therefore
can be a portion of an AMPD protein, a full-length AMPD protein, or a fusion protein
comprising all or a portion of AMPD protein.

Biologically Active Variants

AMPD polypeptide variants which are biologically active, i.e., confer an ability to deaminate
adenosine monophosphate (AMP), also are considered AMPD polypeptides for purposes of
this application. Preferably, naturally or non-naturally occurring AMPD polypeptide variants
have amino acid sequences which are at least about 55, 60, 65, or 70, preferably about 75,
80, 85, 90, 96, 96, or 98% identical to the amino acid sequence shown in SEQ. ID NOS.: 7,
8, 9, 10, 11, 12 for all the AMPD2 protein isofroms derived from each transcript variant
identified or a fragment thereof. Percent identity between a putative AMPD polypeptide
variant and an amino acid sequence of SEQ. ID NOS: 7, 8, 9, 10, 11, 12determined using

the Blast2 alignment program (Blosum62, Expect 10, standard genetic codes).

Variations in percent identity can be due, for example, to amino acid substitutions, insertions,
or deletions. Amino acid substitutions are defined as one for one amino acid replacements.
They are conservative in nature when the substituted amino acid has similar structural
and/or chemical properties. Examples of conservative replacements are substitution of a
leucine with an isoleucine or valine, an aspartate with a glutamate, or a threonine with a

serine.

Amino acid insertions or deletions are changes to or within an amino acid sequence. They
typically fall in the range of about 1 to 5 amino acids. Guidance in determining which amino
acid residues can be substituted, inserted, or deleted without abolishing biological or
immunological activity of a AMPD polypeptide can be found using computer programs well
known in the art, such as DNASTAR software. Whether an amino acid change results in a
biologically active AMPD polypeptide can readily be determined by assaying for AMPD
activity, as described herein, for example. Mass.), and Quantum Biotechnologies (Montreal,
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Canada; 1-888-DNA-KITS).

Polynucleotides

An AMPD polynucleotide can be single- or double-stranded and comprises a coding
sequence or the complement of a coding sequence for an AMPD polypeptide. A coding
sequence for AMPD polypeptide of SEQ ID NOS: 1, 2, 3, 4, 5, or 6 for each transcript variant
identified to date.

Degenerate nucleotide sequences encoding AMPD polypeptides, as well as homologous
nucleotide sequences which are at least about 50, 55, 60, 65, 60, preferably about 75, 90,
96, or 98% identical to the nucleotide sequence shown in SEQ ID NOS: 1, 2, 3, 4, 5, or 6 for
each transcript variant identified to date also are AMPD-like enzyme polynucleotides.
Percent sequence identity between the sequences of two polynucleotides is determined
using computer programs such as ALIGN which employ the FASTA algorithm, using an
affine gap search with a gap open penalty of -12 and a gap extension penalty of -2.
Complementary DNA (cDNA) molecules, species homologs, and variants of AMPD
polynucleotides which encode biologically active AMPD polypeptides also are AMPD

polynucleotides.

4.1 Identification of Polynucleotide Variants and Homologs

Variants and homologs of the AMPD polynucleotides described above also are AMPD
polynucleotides. Typically, homologous AMPD polynucleotide sequences can be identified
by hybridization of candidate polynucleotides to known AMPD polynucleotides under
stringent conditions, as is known in the art. For example, using the following wash
conditions: 2 X SSC (0.3 M NaCl, 0.03 M sodium citrate, pH 7.0), 0.1% SDS, room
temperature twice, 30 minutes each; then 2X SSC, 0.1% SDS, 50° C. once, 30 minutes;
then 2X SSC, room temperature twice, 10 minutes each homologous sequences can be
identified which contain at most about 25-30% basepair mismatches. More preferably,
homologous nucleic acid strands contain 15-25% basepair mismatches, even more
preferably 5-15% basepair mismatches.

Species homologs of the AMDP polynucleotides disclosed herein also can be identified by
making suitable probes or primers and screening cDNA expression libraries. It is well known
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that the Tm of a double-stranded DNA decreases by 1-1.5° C with every 1% decrease in
homology (Bonner et al., J. Mol. Biol. 81, 123 (1973). Variants of AMPD polynucleotides or
polynucleotides of other species can therefore be identified by hybridizing a putative
homologous AMPD polynucleotide with a polynucleotide having a nucleotide sequence of
SEQID NO.: 1, 2, 3, 4, 5, or 6 for each transcript variant identified to date or the complement
thereof to form a test hybrid. The melting temperature of the test hybrid is compared with the
melting temperature of a hybrid comprising polynucleotides having perfectly complementary
nucleotide sequences, and the number or percent of basepair mismatches within the test
hybrid is calculated.

Nucleotide sequences which hybridize to AMPD polynucleotides or their complements
following stringent hybridization and/or wash conditions also are AMPD polynucleotides.
Stringent wash conditions are well known and understood in the art and are disclosed, for
example, in Sambrook et al., MOLECULAR CLONING: A LABORATORY MANUAL, 2™ ed.,
1989, at pages 9.50-9.51.

Typically, for stringent hybridization conditions a combination of temperature and salt
concentration should be chosen that is approximately 12-20° C below the calculated Tmof
the hybrid under study. The Tm of a hybrid between an AMPD polynucleotide having a
nucleotide sequence shown in SEQ ID NO.: 1, 2, 3, 4, 5, or 6 for each transcript variant
identified to date or the complement thereof and a polynucleotide sequence which is at least
about 50, preferably about 75, 90, 96, or 98% identical to one of those nucleotide sequences
can be calculated, for example, using the equation of Bolton and McCarthy, Proc. Natl.
Acad. Sci. U.S.A. 48, 1390 (1962):

Tm=81.5° C-16.6(log1s [Na+ 1)+0.41(% G+C)-0.63(% formamide)-600/1), where I=the

length of the hybrid in basepairs.

Stringent wash conditions include, for example, 4 X SSC at 65" C, or 50%

formamide, 4 X SSC at 42° C, or 0.5 X SSC, 0.1% SDS at 65° C. Highly stringent
wash conditions include, for example, 0.2 X SSC at 65° C.
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Preparation of Polynucleotides

A naturally occurring AMPD polynucleotide can be isolated free of other cellular components
such as membrane components, proteins, and lipids. Polynucleotides can be made by a cell
and isolated using standard nucleic acid purification techniques, or synthesized using an
amplification technique, such as the polymerase chain reaction (PCR), or by using an
automatic synthesizer. Methods for isolating polynucleotides are routine and are known in
the art. Any such technique for obtaining a polynucleotide can be used to obtain isolated
AMPD polynucleotides. For example, restriction enzymes and probes can be used to isolate
polynucleotide fragments which comprises AMPD nucleotide sequences. Isolated
polynucleotides are in preparations which are free or at least 70, 80, or 90% free of other

molecules.

AMPD DNA molecules can be made with standard molecular biology technigues, using
AMPD mRNA as a template. AMPD DNA molecules can thereafter be replicated using
molecular biology techniques known in the art and disclosed in manuals such as Sambrook
et al. (1989). An amplification technique, such as PCR, can be used to obtain additional
copies of polynucleotides of the invention. The inventors have successfully demonstrated
this approach.

Alternatively, synthetic chemistry techniques can be used to synthesize AMPD
polynucleotides. The degeneracy of the genetic code allows alternate nucleotide sequences
to be synthesized which will encode a AMPD polypeptide having, for example, an amino acid
sequence shown in SEQ ID NOs: 7, 8, 9, 10, 11, 12 for all the AMPD2 protein isofroms
derived from each transcript variant identified or a biologically active variant thereof.

Expression of Polynucleotides

To express an AMPD polynucleotide, the polynucleotide can be inserted into an expression
vector which contains the necessary elements for the transcription and translation of the
inserted coding sequence. Methods which are well known to those skilled in the art can be
used to construct expression vectors containing sequences encoding AMPD polypeptides
and appropriate transcriptional and translational control elements. These methods include in
vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic recombination.

Such techniques are described, for example, in Sambrook et al. (1989) and in Ausubel et al.,
30
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CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York, N.Y.,
1989.

A variety of expression vector/host systems can be utilized to contain and express
sequences encoding an AMPD enzyme polypeptide. These include, but are not limited to,
microorganisms, such as bacteria transformed with recombinant bacteriophage, plasmid, or
cosmid DNA expression vectors; yeast transformed with yeast expression vectors, insect cell
systems infected with virus expression vectors (e.g., baculovirus), plant cell systems
transformed with virus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco
mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or pBR322 plasmids), or

animal cell systems.

The control elements or regulatory sequences are those nontranslated regions of the vector
enhancers, promoters, 5' and 3' untranslated regions which interact with host cellular
proteins to carry out transcription and translation. Such elements can vary in their strength
and specificity. Depending on the vector system and host utilized, any number of suitable
transcription and translation elements, including constitutive and inducible promoters, can be
used. For example, when cloning in bacterial systems, inducible promoters such as the
hybrid lacZ promoter of the BLUESCRIPT phagemid (Stratagene, Ladolla, Calif.) or
pSPORT1 plasmid (Life Technologies) and the like can be used. The baculovirus polyhedrin
promoter can be used in insect cells. Promoters or enhancers derived from the genomes of
plant cells (e.g., heat shock, RUBISCO, and storage protein genes) or from plant viruses
(e.g., viral promoters or leader sequences) can be cloned into the vector. In mammalian cell
systems, promoters from mammalian genes or from mammalian viruses are preferable. If it
is necessary to generate a cell line that contains multiple copies of a nucleotide sequence
encoding an AMPD polypeptide, vectors based on SV40 or EBV can be used with an

appropriate selectable marker.

Host Cells

According to certain embodiments of the subject invention, an AMPD polynucleotide will
need to be inserted into a host cell, for expression, processing and/or screening. A host cell
strain can be chosen for its ability to modulate the expression of the inserted sequences or
to process the expressed AMPD polypeptide in the desired fashion. Such modifications of

the polypeptide include, but are not limited to, acetylation, carboxylation, glycosylation,
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phosphorylation, lipidation, and acylation. Posttranslational processing which cleaves a
"prepro” form of the polypeptide also can be used to facilitate correct insertion, folding and/or
function. Different host cells which have specific cellular machinery and characteristic
mechanisms for post-translational activities (e.g., CHO, HeLa, MDCK, HEK293, and W138),
are available from the American Type Culture Collection (ATCC; 10801 University
Boulevard, Manassas, Va. 20110-2209) and can be chosen to ensure the correct

modification and processing of the foreign protein.

Stable expression is preferred for long-term, high yield production of recombinant proteins.
For example, cell lines which stably express AMPD polypeptides can be transformed using
expression vectors which can contain viral origins of replication and/or endogenous
expression elements and a selectable marker gene on the same or on a separate vector.
Following the introduction of the vector, cells can be allowed to grow for 12 days in an
enriched medium before they are switched to a selective medium. The purpose of the
selectable marker is to confer resistance to selection, and its presence allows growth and
recovery of cells which successfully express the introduced AMPD sequences. Resistant
clones of stably transformed cells can be proliferated using tissue culture techniques
appropriate to the cell type. See, for example, ANIMAL CELL CULTURE, R. I. Freshney, ed.,
1986.

Detecting Expression

A variety of protocols for detecting and measuring the expression of an AMPD polypeptide,
using either polyclonal or monoclonal antibodies specific for the polypeptide, are known in
the art. Examples include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), and fluorescence activated cell sorting (FACS). A two-site, monoclonal-based
immunoassay using monoclonal antibodies reactive to two non-interfering epitopes on a
KHK polypeptide can be used, or a competitive binding assay can be employed. These and
other assays are described in Hampton et al, SEROLOGICAL METHODS: A
LABORATORY MANUAL, APS Press, St. Paul, Minn., 1990) and Maddox et al., J. Exp.
Med. 158, 12111216, 1983).

Expression and Purification of Polypeptides

Host cells transformed with nucleotide sequences encoding AMPD polypeptide can be
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cultured under conditions suitable for the expression and recovery of the protein from cell
culture. The polypeptide produced by a transformed cell can be secreted or contained
intracellularly depending on the sequence and/or the vector used. As will be understood by
those of skill in the art, expression vectors containing polynucleotides which encode KHK
polypeptides can be designed to contain signal sequences which direct secretion of soluble
AMPD polypeptides through a prokaryotic or eukaryotic cell membrane or which direct the

membrane insertion of membrane-bound AMPD polypeptide.

Antibodies

Antibodies are referenced herein and various aspects of the subject invention utilize
antibodies specific to AMPD polypeptide(s). @ As described above, one example of a
therapeutic agent may pertain to an antibody. Any type of antibody known in the art can be
generated to bind specifically to an epitope of an AMPD polypeptide. "Antibody" as used
herein includes intact immunoglobulin molecules, as well as fragments thereof, which are
capable of binding an epitope of an AMPD polypeptide. Typically, at least 6, 8, 10, or 12
contiguous amino acids are required to form an epitope. However, epitopes which involve
non-contiguous amino acids may require more, e.g., at least 15, 25, or 50 amino acids.

An antibody which specifically binds to an epitope of an AMPD polypeptide can be used
therapeutically, as mentioned, as well as in immunochemical assays, such as Western blots,
ELISAs, radioimmunoassays, immunohistochemical assays, immunoprecipitations, or other
immunochemical assays known in the art. Various immunoassays can be used to identify
antibodies having the desired specificity. Numerous protocols for competitive binding or
immunoradiometric assays are well known in the art. Such immunoassays typically involve
the measurement of complex formation between an immunogen and an antibody which
specifically binds to the immunogen. Antibodies useful for embodiments of the subject
invention may be polyclonal, but are preferably monoclonal antibodies.

Ribozymes
Ribozymes may be one category of compounds useful as therapeutic agents for modulating

AMDP activity. Ribozymes are RNA molecules with catalytic activity. See, e.g., Cech,
Science 236, 15321539; 1987; Cech, Ann. Rev. Biochem. 59, 543568; 1990, Cech, Curr.
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Opin. Struct. Biol. 2, 605609; 1992, Couture & Stinchcomb, Trends Genet. 12, 510515,
1996. Ribozymes can be used to inhibit gene function by cleaving an RNA sequence, as is
known in the art (e.g., Haseloff et al., U.S. Pat. No. 5,641,673). The mechanism of ribozyme
action involves sequence-specific hybridization of the ribozyme molecule to complementary
target RNA, followed by endonucleolytic cleavage. Examples include engineered
hammerhead motif ribozyme molecules that can specifically and efficiently catalyze

endonucleolytic cleavage of specific nucleotide sequences.

Accordingly, another aspect of the invention pertains to using the coding sequence of an
AMPD polynucleotide to generate ribozymes which will specifically bind to mRNA
transcribed from the AMPD polynucleotide. Methods of designing and constructing
ribozymes which can cleave other RNA molecules in trans in a highly sequence specific
manner have been developed and described in the art (see Haseloff et al. Nature 334,
585591, 1988). For example, the cleavage activity of ribozymes can be targeted to specific
RNAs by engineering a discrete "hybridization” region into the ribozyme. The hybridization
region contains a sequence complementary to the target RNA and thus specifically

hybridizes with the target (see, for example, Gerlach et al., EP 321,201).

Specific ribozyme cleavage sites within an AMPD RNA target can be identified by scanning
the target molecule for ribozyme cleavage sites which include the following sequences:
GUA, GUU, and GUC. Once identified, short RNA sequences of between 15 and 20
ribonucleotides corresponding to the region of the target RNA containing the cleavage site
can be evaluated for secondary structural features which may render the target inoperable.
Suitability of candidate AMPD RNA targets also can be evaluated by testing accessibility to
hybridization with complementary oligonucleotides using ribonuclease protection assays.
Longer complementary sequences can be used to increase the affinity of the hybridization
sequence for the target. The hybridizing and cleavage regions of the ribozyme can be
integrally related such that upon hybridizing to the target RNA through the complementary

regions, the catalytic region of the ribozyme can cleave the target.

Ribozymes can be introduced into cells as part of a DNA construct. Mechanical methods,
such as microinjection, liposome-mediated transfection, electroporation, or calcium
phosphate precipitation, can be used to introduce a ribozyme-containing DNA construct into
cells in which it is desired to decrease AMPD expression. Alternatively, if it is desired that the
cells stably retain the DNA construct, the construct can be supplied on a plasmid and
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maintained as a separate element or integrated into the genome of the cells, as is known in
the art. A ribozyme-encoding DNA construct can include transcriptional regulatory elements,
such as a promoter element, an enhancer or UAS element, and a transcriptional terminator

signal, for controlling transcription of ribozymes in the cells.

As taught in Haseloff et al., U.S. Pat. No. 5,641,673, the entirety of which is incorporated by
reference, ribozymes can be engineered so that ribozyme expression will occur in response
to factors which induce expression of a target gene. Ribozymes also can be engineered to
provide an additional level of regulation, so that destruction of mMRNA occurs only when both

a ribozyme and a target gene are induced in the cells.

Reference is made to standard textbooks of molecular biology that contain definitions and
methods and means for carrying out basic techniques, encompassed by the present
invention. See, for example, Maniatis et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, New York (1982) and Sambrook et al., Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory Press, New York (1989); Methods in
Plant Molecular Biology, Maliga et al, Eds., Cold Spring Harbor Laboratory Press, New York
(1995); Arabidopsis, Meyerowitz et al, Eds., Cold Spring Harbor Laboratory Press, New York

(1994) and the various references cited therein.

Interfering molecules

AMPD can be inhibited by a number of means including silencing via miRNA, shRNA, or
siRNA, for example, directed to a portion of the sequence described at the genbank
accession numbers provided above. siRNA molecules can be prepared against a portion of
SEQID NOs: 1, 2, 3, 4, 5, 6 according to the techniques provided in U.S Patent Publication
20060110440 and used as therapeutic compounds. RNAi against AMPD is commercially
available from, for example, Santa Cruz Biotechnology, including AMPD2 siRNA (catalog #
sc-78844), AMPD2 shRNA plasmid (catalog #sc-78844-SH), AMPD2 shRNA lentiviral
particles (catalog # sc-78844-V), in non limiting examples. shRNA constructs are typically
made from one of three possible methods; (i) annealed complementary oligonucleotides, (ii)
promoter based PCR or (iii) primer extension. See Design and cloning strategies for
constructing shRNA expression vectors, Glen J MclIntyre, Gregory C Fanning BMC
Biotechnology 2006, 6:1 (5 January 2006).
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For background information on the preparation of miRNA molecules, see e.g.. U.S. patent
applications 20110020816, 2007/0099196; 2007/0099193; 2007/0009915; 2006/0130176;
2005/0277139; 2005/0075492; and 2004/0053411, the disclosures of which are hereby
incorporated by reference herein. See also, U.S. Pat. Nos. 7,056,704 and 7,078,196
(preparation of miRNA molecules), incorporated by reference herein. Synthetic miRNAs are
described in Vatolin, et al 2006 J Mol Biol 358, 983-6 and Tsuda, et al 2005 Int J Oncol 27,

1299-306, incorporated by reference herein.

It is within the scope of aspects of the present invention to provide agents to silence AMPD2

genes to achieve a therapeutic effect using interfering molecules.
Exemplary AMPD?2 inhibitor compounds
To document that small molecule compounds are available to inhibit AMPD2 specifically, the

present inventors proposed the following compounds and the following scheme to arrive at

the compound below:

AMPD?2 inhibitors provided 3
in Admyre et al.{supra)

In a particular embodiment, the AMPD inhibitor is as follows:
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Chemicals Required:
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2 5- ) 14-35- 1
2 S-bromanicatinie aoid £311-35-8 Aldrich 10 g 228
2 1, V-bis{diphenyiphosphing)- 72287-26- | Sigma- 5g age
ferracenedichioropaliadium{il} 4 Aldrich -
4 sopdncline-Scarbaidetyde Sigma-
RHCIIR AR 3o Ry O ae .\}\v Agdﬁch
o . apnFaa | SGTE
5 Tirardum ethoxide 30B87-38-3 Aldrich 50y 85
e R . o 8 : ..§ l\‘ . 03 " .
& 2 m&thyipmmne 2 sulfinamide 46374 &;&g;r‘za 5q 193
{rapeariicy 27-8 Aldrich
7 Methyimagnesium bromide 38 75181 Sigma- 108 48
Aldrich
Polymer supported Sigraa- ~ ~
8 cyancborohydride Mgk | 09 268
Chiralesl Od column (250 X 50 mny
10 um particle size)
heptanefethanciformic acid
{BO/AB/0. 1}

Derivatives of AMPDZ inhibitors

According to certain embodiments, the term AMPD?2 inhibitors may include derivatives, salts,
esters, enol ethers, enol esters, acetals, ketals, orthoesters, hemiacetals, hemiketals,
solvates, hydrates, metabolites or prodrugs thereof. Derivatives may be readily prepared by
those of skill in this art using known methods for such derivatization. (see also, Admyre et al
cited supra, which describes different derivatives of the compounds described above,
particularly those shown in FIG. 2A). The compounds produced may be administered to
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animals or humans without substantial toxic effects and either are pharmaceutically active or
are prodrugs. Pharmaceutically acceptable salts include, but are not limited to, amine salts,
such as but not limited to N,N'-dibenzylethylenediamine, chloroprocaine, choline, ammonia,
diethanolamine and other hydroxyalkylamines, ethylenediamine, N-methylglucamine,
procaine, N-benzylphenethylamine, 1-para-chlorobenzyl-2-pyrrolidin-1'-ylmethyl-
benzimidazole, diethylamine and other alkylamines, piperazine and
tris(hydroxymethyl)aminomethane; alkali metal salts, such as but not limited to lithium,
potassium and sodium; alkali earth metal salts, such as but not limited to barium, calcium
and magnesium; transition metal salts, such as but not limited to zinc; and other metal salts,
such as but not limited to sodium hydrogen phosphate and disodium phosphate; and also
including, but not limited to, salts of mineral acids, such as but not limited to hydrochlorides
and sulfates; and salts of organic acids, such as but not limited to acetates, lactates,
malates, tartrates, citrates, ascorbates, succinates, butyrates, valerates and fumarates.
Pharmaceutically acceptable esters include, but are not limited to, alkyl, alkenyl, alkynyl,
alk(en)(yn)yl, aryl, aralkyl, and cycloalkyl esters of acidic groups, including, but not limited to,
carboxylic acids, phosphoric acids, phosphinic acids, sulfonic acids, sulfinic acids and
boronic acids. Pharmaceutically acceptable enol ethers include, but are not limited
to, derivatives of formula C=C(OR) where R is hydrogen, alkyl, alkenyl, alkynyl,
alk(en)(yn)yl, aryl, aralkyl, or cycloalkyl. Pharmaceutically acceptable enol esters include, but
are not limited to, derivatives of formula C=C(OC(O)R) where R is hydrogen, alkyl, alkenyl,
alkynyl, aryl, aralkyl, or cycloalkyl. Pharmaceutically acceptable solvates and hydrates are
complexes of a compound with one or more solvent or water molecules, or 1 to about 100,
or 1 to about 10, or one to about 2, 3 or 4, solvent or water molecules.

According to further embodiments, derivatives may include, but are not limited to, specific
substitutions of reactive constituents on or emanating from the AMPD2 inhibitor, and may
include, but are not limited to, one or more of the following: a hydrogen, hydroxy, halo,
haloalkyl, thiocarbonyl, alkoxy, alkenoxy, alkylaryloxy, aryloxy, arylalkyloxy, cyano, nitro,
imino, alkylamino, aminoalkyl, thio, sulfhydryl, thioalkyl, alkylthio, sulfonyl, C1-C6 straight or
branched chain alkyl, C2-C6 straight or branched chain alkenyl or alkynyl, aryl, aralkyl,
heteroaryl, carbocycle, or heterocycle group or moiety, or CO2 R7 where R7 is hydrogen or
C1-C9 straight or branched chain alkyl or C2-C9 straight or branched chain alkenyl group or
moiety.

It is to be understood that the compounds provided herein may contain chiral centers. Such
chiral centers may be of either the (R) or (S) configuration, or may be a mixture thereof.
Thus, the compounds provided herein may be enantiomerically pure, or be stereoisomeric or
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diastereomeric mixtures. It is to be understood that the chiral centers of the compounds
provided herein may undergo epimerization in vivo. As such, one of skill in the art will
recognize that administration of a compound in its (R) form is equivalent, for compounds that
undergo epimerization in vivo, to administration of the compound in its (S) form.

As used herein, alkyl refers to an unbranched or branched hydrocarbon chain. An alkyl
group may be unsubstituted or substituted with one or more heteroatoms.

As used herein, alkenyl refers to an unbranched or branched hydrocarbon chain comprising
one or more double bonds. The double bond of an alkenyl group may be unconjugated or
conjugated to another unsaturated group. An alkenyl group may be unsubstituted or
substituted with one or more heteroatoms.

As used herein, alkynyl refers to an unbranched or branched hydrocarbon chain comprising
one of more triple bonds therein. The triple bond of an alkynyl group may be unconjugated or
conjugated to another unsaturated group. An alkynyl group may be unsubstituted or
substituted with one or more heteroatoms.

As used herein, alk(en){(yn)yl refers to an unbranched or branched hydrocarbon group
comprising at least one double bond and at least one triple bond. The double bond or triple
bond of an alk(en)(yn)yl group may be unconjugated or conjugated to another unsaturated
group. An alk(en)(yn)yl group may be unsubstituted or substituted with one or more
heteroatoms. Exemplary alkyl, alkenyl, alkynyl, and alk(en)(yn)yl groups herein include, but
are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl, sec-butyl, tert-butyl,
isopentyl, neopentyl, tert-pentyl, isohexyl, allyl (propenyl) and propargyl (propynyl).

As used herein, “aryl” refers to aromatic monocyclic or multicyclic groups containing from 6
to 19 carbon atoms. Aryl groups include, but are not limited to groups such as unsubstituted
or substituted fluorenyl, unsubstituted or substituted phenyl, and unsubstituted or substituted
naphthyl.

As used herein, “heteroaryl” refers to a monocyclic or multicyclic aromatic ring system, in
certain embodiments, of about 5 to about 15 members where one or more, in one
embodiment 1 to 3, of the atoms in the ring system is a heteroatom, that is, an element other
than carbon, including but not limited to, nitrogen, oxygen or sulfur. The heteroaryl group
may be optionally fused to a benzene ring. Heteroaryl groups include, but are not limited to,
furyl, imidazolyl, pyrimidinyl, tetrazolyl, thienyl, pyridyl, pyrrolyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, triazolyl, quinolinyl or isoquinolinyl.

As used herein, “halo,” “halogen,” or “halide” refers to F, CI, Br or .
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While various embodiments of the present invention have been shown and described herein,
it will be obvious that such embodiments are provided by way of example only. Numerous
variations, changes and substitutions may be made without departing from the invention
herein. Accordingly, it is intended that the invention be limited only by the spirit and scope of
the appended claims.
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SEQUENCE INFORMATION:
SEQ. ID. NO. 1 (Pub Med Accession #NM_001257360):

10

15

20

25

30

1 gcggggecag gegggggcgy ggccaaggge cgcagagect ggegeggage cggegagatt

61 ttggtggggt ctcacctgtt gegtgactce cccacagtee ggecgeggga gtecgacect

121 gaatgcccag ggagtgttga gagaaatctg gacgagtttc gggteccget ceettgggag

181 cacgtggect accagcectct cgattgcagg gttgggtggt cgecgacacceg gggtegectt

241 gaggccagtc cggetgecga ggtetgeggg agtccaccte cggecagcetg geaattttga

301 aagactgcct tactttccee atctcagtge cagggcaggg geccttggag tgacttgget

361 ggggtetgtg geccgateee cetgeegtee ctcaggacce gggctttetg ctgtacagac

421 ttctegtggg cagectecec tcggaacteg ggcatcatgg cctcaggece agecaccate

481 agtcacgtca ctcctgggac tgaggaggca ggggagggat aaggggcaga gatggaggec
541 ccactccecg aggttgecta gacaacatga gaaatcgtgg ccagggectce ttecgectge

601 ggagccgctg cttectgeat cagtcactce cgetgggggc ggggcggagg aagggattag
661 atgtggcaga gccaggecce agecggtgec getcagacte ceceegetgte geecgeegtgg
721 tcccagcecat ggcatcectat ccatetggcet ctggcaagec caaggcecaaa tateecttta

781 agaagcgggc cagcctgcag gecteccactg cagcetccaga ggctcggggt gatetgggag
841 ccccteegcet geagtetgee cgateectge cgggeccege cecetgecte aageacttce
901 cgctcgacct gcgeacgtct atggatggeca aatgcaagga gatcgecgag gagctgtica
961 cccgctcact ggctgagage gagcetcegta gtgeceegta tgagttccce gaggagagece
1021 ccattgaaca gctggaggag cggcggcage ggctggageg geagatcage caggatgteca
1081 agctggagcec agacatcctg cttcgggceca agcaagattt cctgaagacg gacagtgact
1141 cggacctaca gctctacaag gaacagggtg aggggcaggg tgaccggagce ctgcgggage
1201 gtgatgtgct ggaacgggag tttcagceggg tcaccatete tggggaggag aagtgtgggg
1261 tgccgttcac agacctgetg gatgcageca agagtgtggt gegggcegcte ttcatceggg
1321 agaagtacat ggccectgtce ctgcagagct tctgecccac caccecgecgce tacctgeage
1381 agctggctga aaagectctg gagacccgga cctatgaaca gggecccgac accectgtgt
1441 ctgctgatge cececggtgeac ceceetgege tggageagcea cecgtatgag cactgtgage
1501 caagcaccat gectggggac ctgggcttgg gtctgegeat ggtgeggagt gtggtgeacg
1561 tctacacccg cagggaacce gacgagcatt gctcagaggt ggagctgeca taccctgace
1621 tgcaggaatt tgtggctgac gtcaatgtge tgatggecct gattatcaat ggccccataa
1681 agtcattctg ctaccgecgg ctgcagtace tgagctccaa gttccagatg catgtgetac
1741 tcaatgagat gaaggagctg gccgcccaga agaaagtgec acaccgagat tictacaaca
1801 tccgcaaggt ggacacccac atccatgect cgtectgeat gaaccagaag catctgetge

1861 gcttcatcaa gcgggceaatg aagcggeace tggaggagat cgtgcacgtg gagcagggec
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1921 gtgaacagac gctgcgggag gtctttgaga geatgaatct cacggectac gacctgagtg
1981 tggacacgct ggatgtgcat gcggacagga acactttcca tcgcetttgac aagtttaatg
2041 ccaaatacaa ccctattggg gagtccgtce tccgagagat cticatcaag acggacaaca
2101 gggtatctgg gaagtacttt gctcacatca tcaaggaggt gatgtcagac ctggaggaga
2161 gcaaatacca gaatgcagag ctgeggctct ceatttacgg gegetegagg gatgagtggg
2221 acaagctggc gcgetgggec gtcatgcacce gegtgeactc ccccaacgtg cgetggetgg
2281 tgcaggtgcece ccgectcttt gatgtgtace gtaccaaggg ccagetggece aacttccagg
2341 agatgctgga gaacatcttc ctgecactgt tcgaggecac tgtgcacect geccagecacce
2401 cggaactgca tctctictta gagecacgtgg atggttttga cagegtggat gatgagtceca
2461 agcctgaaaa ccatgtcttc aacctggaga geccectgec tgaggegtgg gtggaggagg
2521 acaacccacc ctatgcectac tacctgtact acacctttge caacatggcec atgttgaacce
2581 acctgegeag gcagaggggc ttccacacgt ttgtgetgag gecacactgt ggggaggctg
2641 ggcccatcca ccaccetggtg tcagecttca tgetggetga gaacatttce cacgggcetee
2701 ttctgegecaa ggeccecgte ctgeagtace tgtactacct ggeccagate ggcatcgeca
2761 tgtctceget cagcaacaac agectcttece tcagetatca cecggaateeg ctacecggagt
2821 acctgtcecg cggcecteatg gtcteectgt ccactgatga teccttgeag ttccactica

2881 ccaaggagcc gctgatggag gagtacagca tcgecacccea ggtgtggaag ctcagetect
2941 gcgatatgtg tgagcetggee cgcaacagceg tgetcatgag cggcttectecg cacaaggtaa
3001 agagccactg gctgggacce aactatacca aggaaggecc tgaggggaat gacatcegec
3061 ggaccaatgt gccagacatc cgegtggget accgetacga gaccetgtge caggagcetgg
3121 cgctcatcac gcaggceagtc cagagtgaga tgctggagac cattccagag gaggcgggta
3181 tcaccatgag cccagggcct caatgagect ggtccatgaa gtgcccacca catcgeagea
3241 cttttaccac gttttgtcet cagacccege ceatgetgtg tggtetetge atgtctecat

3301 tcttctetgt ctetgtettg catgtctect accatgtcac tgtcectggg ccacceagtg

3361 aaagcaaagc ctgggaatct geteattgtt gtttgggcetc aggtattgag cctgatggec
3421 caggtattga gggcctecec tgetggtgge cetgtectgg gatectcaga agectgactg
3481 tcctatgggce ttetccagtg tccacagggg cttgggatgg ttgtgggggg ctggeccecte
3541 tagcctttce ggtecttect gggcaaatct aagecttgge cagggecgaa gtttaggecece
3601 ctgtcttgtt catgtagecg aggggeaggce gggggacctc tacacctetg ctgtgggeac
3661 ggggctgctg agggtetgtg gaactccage agetetgeac tgggtagage tgggcectaga
3721 gctcagtcac aggecetgggc tteetggect gagtgggtag acgcaggegg cagaggtgct
3781 ggaccacatc tccgecaagt cactgeccag cagcecttcte cgtectgtee ccageccacy
3841 tgctccettgg gtgtcagctt cetgtgecte tgtgggagag ggcagcetgec ttgtgttatg

3901 tctggggceca cagttgetge aaagteetgg atctgecact caacceeggg agtggtgtic
3961 ccagtgtggce tcccagagct ttgaccagat tgtgatccea getggeccct atgttgtgtt
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4021 ctggactgag gcectttgetg tgaactgeag tgtttcatac gaaccaitctt tcctagtgea
4081 tgagaaataa agattattta agtaatgaga aaaaaaaaaa aaaaaaaaaa aaaaaaaa

SEQ. ID. NO 2 (NM_004037):

1 gattctcggt tettceeect ceteccagag ctgggcetace ccgggagetg agggtcagat
61 gtggaaggaa agtgggtgct gggttttcac ggagtatgec tgcectgece cgggaggact
121 gtgtttgagc ttggactcgc tcgetgetga attectgttt gttattettt tttcttccag
181 gctagctgga aggaccagcet agectggact ttggcttctt tgcccgggag cectggeatg

241 atggggtgag ggctcttggt gggttagtgg agagetgggg getggecctt ceccatctte
301 ttttctacce acceecteee cgeccececge caggeccage caccatcagt cacgteacte

361 ctgggactga ggaggcaggg gagggataag gggcagagat ggaggeccca ctecccgagg
421 ttgcctagac aacatgagaa atcgtggeca gggectettc cgectgegga gecgetgctt

481 cctgcatcag tcactceege tgggggeggg gcggaggaag gggttggatg tggcagagece
541 aggccccage cggtgecgcet cagacteece cgetgtegee geegtggtee cagecatgge
601 atcctatcca tetggcetctg gcaageccaa ggecaaatat cectttaaga agegggecag
661 cctgcaggcc tccactgeag ctccagaggce tcggggtggt ctgggggecc cteegetgea
721 gtctgecega teeetgeecgg geececgeccce ctgectcaag cactteeege tegacetgeg
781 cacgtctatg gatggcaaat gcaaggagat cgccgaggag ctgttcacce getcactgge
841 tgagagcgag ctcegtagtg cceegtatga gttccccgag gagageccca ttgaacagcet
901 ggaggagcgg cggcageggc tggageggea gatcagecag gatgtcaage tggagecaga
961 catcctgctt cgggccaage aagatttcct gaagacggac agtgactcgg acctacagct
1021 ctacaaggaa cagggtgagg ggcagggtga ccggagcectg cgggagegtg atgtgetgga
1081 acgggagttt cagcgggtca ccatctctgg ggaggagaag tgtggggtge cgttcacaga
1141 cctgetggat gcagecaaga gtgtgatgeg ggegctctic atccgggaga agtacatgge
1201 cctgtceetg cagagcttct geccccaccac ccgecgcetac ctgcagceage tggetgaaaa
1261 gcctetggag acceggacct atgaacaggg cccecgacacce cetgtgtetg ctgatgecce
1321 ggtgcacccce cctgegetgg agcageacce gtatgagcac tgtgagccaa gecaccatgec
1381 tggggacctg ggcttgggtc tgecgcatggt gcgggatgtg gtgcacgtct acaccegeag
1441 ggaacccgac gagcattgcet cagaggtgga getgecatac cectgacctge aggaatttgt
1501 ggctgacgtc aatgtgctga tggecctgat tatcaatgge cccataaagt cattetgceta

1561 ccgecggcetg cagtacctga getccaagtt ccagatgeat gtgctactca atgagatgaa
1621 ggagctggcc gecccagaaga aagtgccaca ccgagatttc tacaacatce gcaaggtgga
1681 cacccacatc catgectegt cctgcatgaa ccagaagceat ctgetgegcet tcatcaageg

1741 ggcaatgaag cggcacctgg aggagatcgt gcacgtggag cagggeegtg aacagacgct
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1801 gcgggaggtc tttgagagcea tgaatctcac ggectacgac ctgagtgtgg acacgcetgga
1861 tgtgcatgcg gacaggaaca ctttccateg ctttgacaag tttaatgeca aatacaaccce
1921 tattggggag tcegtectee gagagatctt catcaagacg gacaacaggg tatctgggaa
1981 gtactttgct cacatcatca aggaggtgat gtcagacctg gaggagagca aataccagaa
2041 tgcagagctg cggctcteca tttacgggeg ctcgagggat gagtgggaca agetggegeg
2101 ctgggcecegte atgcaccgceg tgcactcece caacgtgege tggetggtge aggtgececg
2161 cctctttgat gtgtaccgta ccaagggceca getggecaac ttccaggaga tgetggagaa
2221 catcttectg ccactgticg aggecactgt gecaccetgee ageccaccegg aactgeatct
2281 cttcttagag cacgtggatg gttttgacag cgtggatgat gagtccaagce ctgaaaacca
2341 tgtcttcaac ctggagagcce ccetgectga ggegtgggtg gaggaggaca acccaccecta
2401 tgcctactac ctgtactaca cctttgecaa catggcecatg ttgaaccacc tgegecaggea
2461 gaggggcttc cacacgtttg tgctgaggec acactgtggg gaggcetggge ccatccacca
2521 cctggtgtca gecticatge tggctgagaa catttccecac gggctecttc tgecgecaagge
2581 cceegtecetg cagtacctgt actacctgge ccagatcgge atcgecatgt cteegeteag
2641 caacaacagc ctcttcctea getatcaccg gaatccgceta ccggagtace tgtecegegg
2701 cctecatggtc tceetgteea ctgatgatee cttgeagttc cacttcacca aggagecgct
2761 gatggaggag tacagcatcg ccacccaggt gtggaagctc agcetectgeg atatgtgtga
2821 getggececge aacagegtge tcatgagegg cttctcgeac aaggtaaaga gecactggct
2881 gggacccaac tataccaagg aaggccctga ggggaatgac atccgecgga ccaatgtgee
2941 agacatccgce gtgggctacc getacgagac cetgtgecag gagetggegce tcatcacgea
3001 ggcagtccag agtgagatgc tggagaccat tccagaggag gcgggtatca ccatgagece
3061 agggcctcaa tgagectggt ccatgaagtg cccaccacat cgcagceactt ttaccacgtt
3121 ttgtcctcag accecgecca tgetgtgtgg tetetgeatg tetecattct tetetgtete

3181 tgtcttgcat gictectace atgtcactgt cectgggeca ceccagtgaaa gcaaagectg
3241 ggaatctgct cattgttgtt tgggctcagg tattgagect gatggcecag gtattgagag
3301 ccteeecetge tggtggecct gtectgggat cctcagaage ctgactgtee tatgggcettc
3361 tccagtgtece acaggggctt gggatggttg tggggggcetg geecctetag ccettteceggt
3421 cctteetggg caaatctaag ccttggecag ggecgaagtt taggeccctg tettgttcat
3481 gtagccgagg ggcaggeggg ggacctetac acctetgetg tgggcacggg getgetgagg
3541 gtctgtggaa ctccagceagce tetgeactgg gtagagetgg gectagagcet cagtcacagg
3601 cctgggctte ctggectgag tgggtagacg caggcggeag aggtgetgga ccacatctee
3661 gccaagtcac tgceccagceag cctteteegt cetgtecceea geccacgtge teettgggtg
3721 tcagcttect gtgectetgt gggagagggce agetgecttg tgttatgtct ggggecacag
3781 ttgctgcaaa gtectggate tgecactcaa cccecgggagt ggtgttecca gtgtggetee
3841 cagagctttg accagattgt gatcccagct ggeccctatg ttgtgtictg gactgaggec
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3901 tttgctgtga actgcagtgt ttcatacgaa ccatctttee tagtgcatga gaaataaaga
3961 ttatttaagt aatgagaaaa aaaaaaaaaa aaaaaaaaaa aaaaa

SEQ ID NO. 3 (NM_139156):

1 gcggggecag gegggggegy ggccaaggge cgcagagect ggegeggage cggegagatt

61 ttggtggggt ctcacctgtt gegtgactce cccacagtce ggecgeggga gtccgacect

121 gaatgcccag ggagtgttga gagaaatctg gacgagtttc gggtceeget cecttgggag
181 cacgtggcct accagectct cgattgcagg gttgggtggt cgcgacaccg gggtegectt

241 gaggccagtc cggcetgecga ggtetgeggg agtccaccte cggecagetg geaattttga
301 aagactgcct tactttccee atctcagtge cagggcaggg geccttggag tgacttgget

361 ggggtctgtg gececgateece cetgeegtee ctcaggacce gggctttctg ctgtacagac

421 ttctegtggg cagecteecce tcggaactcg ggcatcatgg cctcagagge tcggggatgat

481 ctgggggccc cteegetgea gtetgecega tecetgeecgg geceegecce ctgectcaag
541 cacttceege tcgacctgeg cacgtctatg gatggcaaat gcaaggagat cgeccgaggag
601 ctgttcaccc getcactgge tgagagegag cteegtagtg ceccegtatga gttccececgag

661 gagagcccca ttgaacagct ggaggagegg cggcagegge tggageggea gatcagecag
721 gatgtcaagc tggagccaga catcctgett cgggccaage aagatttcct gaagacggac
781 agtgactcgg acctacagct ctacaaggaa cagggtgagg ggcagggtga ccggagectg
841 cgggagcgtg atgtgctgga acgggagttt cagegggtcea ceatctetgg ggaggagaag
901 tgtggggtgc cgttcacaga cctgctggat gcagccaaga gtgtggtgeg ggegctcettc

961 atccgggaga agtacatggc cctgtcectg cagagcettct gcceccaccac ccgecgetac
1021 ctgcagcagc tggctgaaaa gectetggag acceggacct atgaacaggg cccecgacace
1081 cctgtgtctg ctgatgecce ggtgcaccee cetgegetgg agcageaccee gtatgageac
1141 tgtgagccaa gcaccatgece tggggacctg ggcettgggtce tgcgeatggt gecggggtgtg
1201 gtgcacgtct acaccecgcag ggaacccgac gagceattget cagaggtgga getgecatac
1261 cctgacctge aggaatttgt ggctgacgtc aatgtgetga tggecctgat tatcaatgge
1321 cccataaagt cattctgceta ccgeeggetg cagtacetga getccaagtt ccagatgeat
1381 gtgctactca atgagatgaa ggagctggec gececcagaaga aagtgecaca ccgagatttc
1441 tacaacatcc gcaaggtgga cacccacatc catgectegt cctgcatgaa ccagaagceat
1501 ctgcetgegct tcatcaageg ggcaatgaag cggeacctgg aggagategt gcacgtggag
1561 cagggccgtg aacagacgct gcgggaggtce tttgagagca tgaatctcac ggectacgac
1621 ctgagtgtgg acacgctgga tgtgcatgeg gacaggaaca ctttccateg ctttgacaag
1681 tttaatgcca aatacaaccce tattggggag tcegtectee gagagatctt catcaagacg
1741 gacaacaggg tatctgggaa gtactttgct cacatcatca aggaggtgat gtcagacctg
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1801 gaggagagca aataccagaa tgcagagctg cggctcteea tttacgggeg ctcgagggat
1861 gagtgggaca agctggcgeg ctgggecgtce atgcaccgeg tgeactceee caacgtgege
1921 tggctggtge aggtgecceg cetctttgat gtgtacegta ccaagggeca getggecaac
1981 ttccaggaga tgctggagaa catcttectg ccactgttcg aggcecactgt gcaccctgec
2041 agccacccgg aactgcatct cttcttagag cacgtggatg gttttgacag cgtggatgat
2101 gagtccaagc ctgaaaacca tgtcticaac ctggagagcece cectgectga ggegtgggtg
2161 gaggaggaca acccacccta tgectactac ctgtactaca cctttgccaa catggecatg
2221 ttgaaccacc tgcgcaggea gaggggctic cacacgtttg tgctgaggec acactgtggg
2281 gaggctgggc ccatccacca cetggtgtca gecttcatge tggctgagaa catttcccac
2341 gggctecttc tgcgcaaggce cecegtectg cagtacctgt actacctgge ccagatcgge
2401 atcgccatgt ctcegetcag caacaacagc cicttcctea getatcaccg gaateegcta
2461 ccggagtacc tgtcecegegg ccteatggte teectgteea ctgatgatece cttgeagttc
2521 cacttcacca aggagccgct gatggaggag tacagcatcg ccacccaggt gtggaagcete
2581 agctcctgeg atatgtgtga getggeecge aacagcegtge tcatgagegg cttetegeac
2641 aaggtaaaga gccactggct gggacccaac tataccaagg aaggccctga ggggaatgac
2701 atccgccgga ccaatgtgec agacatcege gtgggcetacce getacgagac cetgtgecag
2761 gagctggcegc tcatcacgcea ggcagtccag agtgagatge tggagaccat tccagaggag
2821 gcgggtatca ccatgagcece agggcectcaa tgagecetggt ccatgaagtg cccaccacat
2881 cgcagcactt ttaccacgtt ttgtcctcag accecegeccea tgetgigtgg tetetgeatg

2941 tctccattct tetetgtete tgtettgeat gtctectace atgtcactgt cectgggeca

3001 cccagtgaaa gcaaagcectg ggaatctget cattgttgtt tgggcetcagg tattgagect
3061 gatggcccag gtattgaggg ccteceetge tggtggeect gtectgggat cetcagaage
3121 ctgactgtcc tatgggcttc tccagtgtce acaggggctt gggatggttg tggggggctg
3181 gcccectcetag ccttteeggt cettectggg caaatctaag cettggecag ggecgaagtt
3241 taggcccectg tettgttcat gtagecgagg ggecaggeggg ggacctctac acctetgetg
3301 tgggcacggg getgetgagg gtetgtggaa cteccageagce tetgeactgg gtagagetgg
3361 gcctagagct cagtcacagg cctgggcttc ctggectgag tgggtagacg caggeggeag
3421 aggtgctgga ccacatctec gecaagtcac tgcccageag ccttctecgt cetgteeeca
3481 gcccacgtge tecttgggtg tcagcettcet gtgectetgt gggagagggce agetgecttg
3541 tgttatgtct ggggccacag ttgetgcaaa gtcctggate tgecactcaa ccecegggagt
3601 ggtgttccea gtgtggctce cagagctitg accagattgt gatcccagcet ggeccctatg
3661 ttgtgttctg gactgaggcc titgetgtga actgcagtgt ticatacgaa ccatctttee

3721 tagtgcatga gaaataaaga ttatttaagt aatgagaaaa aaaaaaaaaa aaaaaaaaaa

3781 aaaaa
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SEQ. ID NO 4 (NM_203404):

1 cgccgaggta tcacctggea ccaccegeac cetcaceeceg tgtetccatg cectgectet
61 gctccecaca cecctcacct caagetgtee cetcacctea cgcettggetg tetectgate

121 ctcagccetet cccaggtace cetggtectg ctgecctcac cecatcecca gactetgtag
181 gagagtgccc gagggceggag ggccagcecat getgacctte cttececteee cccaggagct
241 gttcacccgce tcactggcetg agagegagcet cecgtagtgec cegtatgagt tccccgagga
301 gagccccatt gaacagetgg aggageggeg gcageggetg gageggeaga tcagecagga
361 tgtcaagctg gagccagaca teetgettcg ggccaageaa gatttectga agacggacag
421 tgactcggac ctacagctct acaaggaaca gggtgagggg cagggtgacc ggagectgeg
481 ggagcgtgat gtgctggaac gggagtttca gcgggtcacc atctctgggg aggagaagtg
541 tggggtgceg ttcacagacc tgctggatge agccaagagt gtggtgcggg cgctcttcat
601 ccgggagaag tacatggccc tgtcecctgea gagcettetge cccaccacce gecgetacct
661 gcagcagctg gctgaaaagc ctctggagac ccggacctat gaacagggec ccgacaccee
721 tgtgtctget gatgeceegg tgcacceecce tgegetggag cageaccegt atgagceactg
781 tgagccaagc accatgectg gggacctggg cttgggtetg cgcatggtge ggggtgtggt
841 gcacgtctac acccgcaggg aacccgacga geattgetca gaggtggage tgecatacee
901 tgacctgcag gaatttgtgg ctgacgtcaa tgtgctgatg gecctgatta tcaatggecce
961 cataaagtca ttctgctacc geeggetgea gtacctgage tccaagttce agatgceatgt
1021 gctactcaat gagatgaagg agctggecgce ccagaagaaa gtgecacace gagatttcta
1081 caacatccge aaggtggaca cccacatcca tgectegtece tgcatgaace agaagceatct
1141 gctgegcetic atcaageggg caatgaageg geacctggag gagatcgtge acgtggagea
1201 gggccgtgaa cagacgcetge gggaggtctt tgagagceatg aatctcacgg cctacgacct
1261 gagtgtggac acgcetggatg tgcatgcgga caggaacact ttccatcgct ttgacaagtt
1321 taatgccaaa tacaacccta ttggggagtc cgtcctccga gagatcttca tcaagacgga
1381 caacagggta tctgggaagt actttgetca catcatcaag gaggtgatgt cagacctgga
1441 ggagagcaaa taccagaatg cagagctgceg getctecatt tacgggegcet cgagggatga
1501 gtgggacaag ctggcgeget gggecgteat gcaccgegtg cactceeeca acgtgegetg
1561 gctggtgecag gtgececgec tetttgatgt gtacegtace aagggcecagce tggccaactt
1621 ccaggagatg ctggagaaca tcttcctgece actgttcgag gecactgtge accctgecag
1681 ccacccggaa ctgceatctct tettagagcea cgtggatggt tttgacageg tggatgatga
1741 gtccaagcct gaaaaccatg tcttcaacct ggagageccce ctgectgagg cgtgggtgga
1801 ggaggacaac ccaccctatg cctactacct gtactacacc tttgccaaca tggecatgtt
1861 gaaccacctg cgcaggcaga ggggcttcca cacgtitgtg ctgaggecac actgtgggga
1921 ggctgggcecc atccaccace tggtgtcage cttcatgetg getgagaaca tttccecacgg
1981 gctectictg cgcaaggcecec cegteetgea gtacetgtac tacctggecec agatcggceat
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2041 cgccatgtct ccgetcagea acaacagcect cttectcage tatcaccgga atcegcetace
2101 ggagtacctg tcecgeggec teatggtcete cetgteccact gatgatecect tgecagttcca
2161 cttcaccaag gagcecgcetga tggaggagta cagcatcgec acccaggtgt ggaagctcag
2221 ctecetgegat atgtgtgagce tggeccgeaa cagegtgete atgageggct tetcgecacaa
2281 ggtaaagagc cactggcetgg gacccaacta taccaaggaa ggccctgagg ggaatgacat
2341 ccgeeggacc aatgtgecag acatcegegt gggcetacege tacgagaccce tgtgeccagga
2401 gctggcegcetce atcacgcagg cagtccagag tgagatgctg gagaccattc cagaggaggce
2461 gggtatcacc atgagceccag ggcctcaatg agectggtec atgaagtgec caccacateg
2521 cagcactttt accacgttit gtcctcagac cccgeccatg ctgtgtggte tetgeatgte

2581 tccattcttc tetgtetetg tettgeatgt ctectaccat gtcactgtee ctgggecacce

2641 cagtgaaagc aaagccetggg aatctgetca ttgttgtttg ggetcaggta ttgagectga
2701 tggcccaggt attgagggcec tecccetgetg gtggecectgt cetgggatee tcagaagect
2761 gactgtccta tgggcttcte cagtgtccac aggggcttgg gatggttgtg gggggctgge
2821 ccctctagec tttecggtec tteetgggea aatctaagec ttggecaggg ccgaagttta
2881 ggcccctgte ttgttcatgt agecgagggg caggeggggg acctctacac ctetgetgtg
2941 ggcacggggc tgctgagggt ctgtggaact ccageagctc tgcactgggt agagetggge
3001 ctagagctca gtcacaggcece tgggceticet ggectgagtg ggtagacgcea ggcggcagag
3061 gtgctggacc acatctccge caagtcactg cccageagcec ttcteegtee tgtccecage
3121 ccacgtgctce cttgggtgtc agettectgt gectetgtgg gagagggceag ctgecettgtg
3181 ttatgtctgg ggccacagtt getgcaaagt cctggatetg ccactcaace ccgggagtgg
3241 tgttccecagt gtggcteeca gagcetitgac cagattgtga tcccagetgg ceectatgtt

3301 gtgttctgga ctgaggcctt tgctgtgaac tgecagtgttt catacgaacc atctticcta

3361 gtgcatgaga aataaagatt atttaagtaa tgagaaaaaa aaaaaaaaaa aaaaaaaaaa
3421 aaa

SEQ. ID NO. 5 (NM_001257361):

1 gtacagcctg tgccageccce tgagggaccyg getgeagctt cactggcaaa caggegggcea
61 aggggcacag ggctgcetgge cggagctgee tgcactctge agaggetcgg ggtggtetgg
121 gggceccctee getgeagtet gecegateee tgeegggece cgececctge ctcaageact
181 tccegetcga cetgegeacy tetatggatg gcaaatgcaa ggagatcgee gaggagetgt
241 tcacccgcte actggetgag agegagcetee gtagtgeccee gtatgagttc cccgaggaga
301 gccecattga acagcetggag gageggcgge ageggetgga geggeagate agecaggatg
361 tcaagctgga gccagacatc ctgettcggg ccaagceaaga tttectgaag acggacagtg
421 actcggacct acagctctac aaggaacagg gtgaggggcea gggtgaccgg agectgegag
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481 agcgtgatgt gctggaacgg gagtttcage gggtcaccat ctctggggag gagaagtgtg
541 gggtgccegtt cacagacctg ctggatgcag ccaagagtgt ggtgegggeg cicttcatee
601 gggagaagta catggccctg tccetgcaga gettetgece caccaccege cgetacctge
661 agcagctggc tgaaaagcct ctggagaccc ggacctatga acagggecce gacacccectg
721 tgtctgcetga tgeeceeggtg caccecectg cgetggagea geaccegtat gageactgtg
781 agccaagcac catgectggg gacctgggct tgggtetgeg catggtgegg ggtgtggtge
841 acgtctacac ccgcagggaa cccgacgagce attgctcaga ggtggagctg ccataccetg
901 acctgcagga atttgtggct gacgtcaatg tgctgatgge cetgattatc aatggeccca

961 taaagtcatt ctgctaccgce cggcetgcagt acctgagctc caagticcag atgcatgtge
1021 tactcaatga gatgaaggag ctggccgecc agaagaaagt gccacaccga gatttctaca
1081 acatccgcaa ggtggacacc cacatccatg ccicgtectg catgaaccag aagceatetge
1141 tgcgcttcat caagcgggcea atgaagegge acctggagga gatcgtgcac gtggagcagg
1201 gcegtgaaca gacgetgegg gaggtctitg agageatgaa tctcacggec tacgacctga
1261 gtgtggacac gctggatgtg catgcggaca ggaacacttt ccategctit gacaagttta
1321 atgccaaata caaccctatt ggggagtccg tectccgaga gatcticatc aagacggaca
1381 acagggtatc tgggaagtac tttgctcaca tcatcaagga ggtgatgtca gacctggagyg
1441 agagcaaata ccagaatgca gagcetgeggce tetccattta cgggegeteg agggatgagt
1501 gggacaagct ggcgegetgg gecgtcatge accgegtgea ctecececaac gtgegetgge
1561 tggtgcaggt geeccgcecte tttgatgtgt accgtaccaa gggecagcetg gecaacttee
1621 aggagatgct ggagaacatc ttcctgecac tgttcgaggce cactgtgeac cetgecagece
1681 acccggaact geatctcttc ttagagcacg tggatggttt tgacagegtg gatgatgagt
1741 ccaagcctga aaaccatgtc ttcaacctgg agageccect gectgaggeg tgggtggagg
1801 aggacaaccc accctatgec tactacctgt actacacctt tgccaacatg gecatgttga
1861 accacctgeg caggcagagg ggcttccaca cgtttgtget gaggecacac tgtggggagg
1921 ctgggceccat ccaccacctg gtgtcagect tcatgetgge tgagaacatt tecccacggge
1981 tccttetgeg caaggececce gtectgeagt acctgtacta cetggeccag atcggeatceg
2041 ccatgtctce getcagcaac aacagcctct tectcageta tcaccggaat cegetacegg
2101 agtacctgtc ccgeggecte atggteteec tgtccactga tgatcecttg cagttccact

2161 tcaccaagga gccgctgatg gaggagtaca gcatcgecac ccaggtgtgg aagetcagct
2221 cctgegatat gtgtgagetg gececgcaaca gegtgcetcat gageggctte tcgcacaagg
2281 taaagagcca ctggcetggga cccaactata ccaaggaagg ccctgagggg aatgacatee
2341 gccggaccaa tgtgccagac atccgegtgg getaccgeta cgagaccctg tgccaggage
2401 tggcgctcat cacgcaggca gtccagagtg agatgetgga gaccattcca gaggaggcegg
2461 gtatcaccat gagcccaggg cctcaatgag cctggtccat gaagtgecca ccacatcgea
2521 gcacttttac cacgttttgt cctcagaccee cgeccatgct gtgtggtete tgcatgtete
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2581 cattcttcte tgtctetgtc ttgcatgtct cctaccatgt cactgteccet gggecaccca

2641 gtgaaagcaa agcctgggaa tetgeteatt gttgtttggg ctcaggtatt gagectgatg
2701 gcccaggtat tgagggcecte ccetgetggt ggeectgtece tgggatecte agaagectga
2761 ctgtcctatg ggcttcteca gtgtccacag gggcettggga tggttgtggg gggetggecce
2821 ctctagectt tceggtectt cetgggeaaa tectaagectt ggecagggcec gaagtttagg
2881 cccctgtctt gttcatgtag ccgaggggca ggcgggggac ctetacacct ctgetgtggg
2941 cacggggctg ctgagggtct gtggaactcc agcagcetctg cactgggtag agetgggect
3001 agagctcagt cacaggccetg ggcetteetgg cetgagtggg tagacgcagg cggecagaggt
3061 gctggaccac atctecgeca agtcactgee cagcagcectt ctecgteetg tecccagecce
3121 acgtgctect tgggtgtcag ctteetgtge ctetgtggga gagggeagct gecettgtgtt

3181 atgtctgggg ccacagttge tgcaaagtcce tggatctgee actcaaccee gggagtggtg
3241 ttcceagtgt ggeteccaga getttgacca gattgtgate ccagetggece cctatgtigt

3301 gttctggact gaggcctttg ctgtgaactg cagtgtttca tacgaaccat ctttcctagt

3361 gcatgagaaa taaagattat ttaagtaatg agaaaaaaaa aaaaaaaaaa aaaaaaaaaa
3421 a

SEQ. ID NO 6 (NM_001308170):

1 gcccagcecac catcagtcac gtcactectg ggactgagga ggcaggggag ggataagggg
61 cagagatgga ggccccactc cccgaggttg cctagacaac atgagaaatc gtggecaggg
121 cctettcege ctgeggagece getgettect gecatcagtea cteeegetgg gggeggagcg
181 gaggaagggg ttggatgtgg cagagccagg ccccageegg tgecgetcag actcceeege
241 tgtcgecgece gtggtecccag ccatggceate ctatccatcet ggetetggea ageccaagge
301 caaatatccc tttaagaagc gggccagect gcaggectce actgcagcetc caggagetgt
361 tcacccgctc actggetgag agegagctee gtagtgeccce gtatgagttc cccgaggaga
421 gcccecattga acagetggag gageggeggce ageggetgga geggecagate agecaggatg
481 tcaagctgga gccagacate ctgettcggg ccaagcaaga tttcctgaag acggacagtg
541 actcggacct acagctctac aaggaacagg gtgaggggca gggtgaccgg agectgcggg
601 agcgtgatgt gctggaacgg gagtttcage gggtcaccat ctctggggag gagaagtgtg
661 gggtgccgtt cacagacctg ctggatgcag ccaagagtgt ggtgegggeg cicttcatee
721 gggagaagta catggccctg tceetgcaga gettetgece caccaccege cgetacctge
781 agcagctggce tgaaaagcct ctggagaccc ggacctatga acagggecce gacacccectg
841 tgtctgctga tgcceeggtg caccecectg cgetggagea geaccegtat gageactgtg
901 agccaagcac catgectggg gacctgggct tgggtetgeg catggtgegg ggtatggtge
961 acgtctacac ccgcagggaa cccgacgagce attgctcaga ggtggagctg ccataccetg

1021 acctgcagga atttgtggct gacgtcaatg tgctgatgge cctgattatc aatggcecca
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1081 taaagtcatt ctgctaccgce cggetgcagt acctgagcte caagticcag atgcatgtge
1141 tactcaatga gatgaaggag ctggccgece agaagaaagt gecacaccga gattictaca
1201 acatccgceaa ggtggacacc cacatccatg cctegteetg catgaaccag aagcatetge
1261 tgcgcttcat caagcgggcea atgaageggc acctggagga gatcgtgecac gtggagcagg
1321 gcegtgaaca gacgetgegg gaggtcetttg agageatgaa tctcacggec tacgacctga
1381 gtgtggacac gctggatgtg catgcggaca ggaacacttt ccatcgcttt gacaagttta
1441 atgccaaata caaccctatt ggggagtceg tectccgaga gatceticatc aagacggaca
1501 acagggtatc tgggaagtac tttgctcaca tcatcaagga ggtgatgtca gacctggagg
1561 agagcaaata ccagaatgca gagcetgeggce tetecattta cgggegeteg agggatgagt
1621 gggacaagct ggcgegetgg gecgtcatge accgegtgea ctecececaac gtgegetgge
1681 tggtgcaggt geeccgcecte tttgatgtgt accgtaccaa gggecagctg gecaacttee
1741 aggagatgct ggagaacatc ttcctgecac tgttcgaggce cactgtgeac cetgecagec
1801 acccggaact geatctcttc ttagagcacg tggatggtit tgacagegtg gatgatgagt
1861 ccaagcctga aaaccatgtc ttcaacctgg agageccect gectgaggeg tgggtggagg
1921 aggacaaccc accctatgec tactacctgt actacacctt tgccaacatg gecatgttga
1981 accacctgeg caggcagagg ggcttccaca cgtttgtget gaggecacac tgtggggagg
2041 ctgggcccat ccaccacctg gtgtcagect tcatgetgge tgagaacatt tcccacggge
2101 tecttetgeg caaggeeccec gteetgeagt acctgtacta cctggeccag atcggeateg
2161 ccatgtctce getcagcaac aacagcctct tectcageta tcaccggaat cegetacegg
2221 agtacctgtc ccgeggcecte atggteteec tgtccactga tgatcecttg cagttccact

2281 tcaccaagga gccgctgatg gaggagtaca gcatcgecac ccaggtgtgg aagetcagct
2341 cctgegatat gtgtgagcetg gececgcaaca gegtgcetcat gageggctte tcgcacaagg
2401 taaagagcca ctggcetggga cccaactata ccaaggaagg ccctgagggg aatgacatee
2461 gccggaccaa tgtgccagac atccgegtgg getaccgeta cgagaccectg tgccaggage
2521 tggcgctcat cacgcaggca gtccagagtg agatgetgga gaccattcca gaggaggcegg
2581 gtatcaccat gagcccaggg cctcaatgag cctggtccat gaagtgecca ccacatcgea
2641 gcacttttac cacgttttgt cctcagaccce cgeccatgct gtgtggtete tgcatgtete

2701 cattcttcte tgtctetgte ttgcatgtct cctaccatgt cactgteccet gggecaccca

2761 gtgaaagcaa agcctgggaa tetgeteatt gttgtttggg ctcaggtatt gagectgatg
2821 gcccaggtat tgagggcecte ccetgetggt ggeectgtece tgggatecte agaagectga
2881 ctgtcctatg ggcttcteca gtgtccacag gggcettggga tggttgtggg gggcetggecce
2941 ctctagectt tceggtectt cctgggeaaa tectaagectt ggecagggcec gaagtttagg
3001 ccectgtctt gttcatgtag ccgaggggea ggegggggac ctetacacct ctgetgtggg
3061 cacggggctg ctgagggtct gtggaactce agcagcetctg cactgggtag agetgggect
3121 agagctcagt cacaggccetg ggcetteetgg cetgagtggg tagacgcagg cggecagaggt
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3181 gctggaccac atctecgeca agtcactgee cagcagcectt ctecgteetg tecccagecce
3241 acgtgctect tgggtgtcag ctteetgtge ctetgtggga gagggeagct gecettgtgtt

3301 atgtctgggg ccacagttge tgcaaagtcce tggatctgee actcaaccee gggagtggtg
3361 ttcccagtgt ggceteccaga getttgacca gattgtgate ccagetggece cctatgtigt

3421 gttctggact gaggcctttg ctgtgaactg cagtgtttca tacgaaccat ctttcctagt

3481 gcatgagaaa taaagattat ttaagtaatg agaaaaaaaa aaaaaaaaaa aaaaaaaaaa
3541 a

SEQ ID NO. 7 (NP_004028):

1 mrnrgaglfr Irsrcflhgs Iplgagrrkg Idvaepgpsr crsdspavaa vvpamasyps
61 gsgkpkakyp fkkraslgas taapearggl gapplgsars lpgpapclkh fpldirtsmd
121 gkckeiaeel firslaesel rsapyefpee spiegleerr grlergisqd vklepdillr
181 akqgdflktds dsdlglykeq gegqgdrsir erdvlerefq rvtisgeekc gvpftdilda
241 aksvvralfi rekymalslq sfcpttrryl gglaekplet rtyeqgpdtp vsadapvhpp
301 aleghpyehc epstmpgdlg Iglrmvrgvv hvytrrepde hcsevelpyp digefvadvn
361 vimaliingp iksfcyrrlg ylsskfgmhv linemkelaa gkkvphrdfy nirkvdthih
421 asscmngkhl Irfikramkr hleeivhveq gregtlrevf esmnltaydl svdtldvhad
481 rntfhrfdkf nakynpiges vireifiktd nrvsgkyfah iikevmsdle eskygnaelr
541 Isiygrsrde wdklarwavm hrvhspnvrw lvgvprlfdv yrtkgglanf gemleniflp
601 Ifeatvhpas hpelhlfleh vdgfdsvdde skpenhvfnl esplpeawve ednppyayyl
661 yytfanmaml nhlrrgrgfh tfvirphcge agpihhlvsa fmlaenishg llirkapvig
721 ylyylaqigi amsplsnnsl flsyhrnplp eylsrgimvs Istddplgfh ftkeplmeey
781 siatgvwkls scdmcelarn svimsgfshk vkshwigpny tkegpegndi rrtnvpdirv
841 gyryetlcge lalitgavgs emletipeea gitmspgpqg

SEQ ID NO. 8 (NP_631895):

1 maseargglg applgsars| pgpapclkhf pldirtsmdg kckeiaeelf trslaeselr
61 sapyefpees piegleerrq rlergisqdv klepdillra kgdflktdsd sdlglykeqg
121 egqgdrslire rdvlerefgr vtisgeekcg vpftdlidaa ksvvralfir ekymalslgs
181 fepttrrylg glaekpletr tyeqgpdtpv sadapvhppa leghpyehce pstmpgdigl
241 glrmvrgvvh vytrrepdeh csevelpypd Igefvadvny Imaliingpi ksfcyrrlqy
301 Isskfgmhvl Inemkelaaq kkvphrdfyn irkvdthiha sscmngkhll rfikramkrh
361 leeivhveqg reqtlrevfe smnltaydls vdtldvhadr ntfhrfdkfn akynpigesv
421 Ireifiktdn rvsgkyfahi ikevmsdlee skygnaelrl siygrsrdew dklarwavmh
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481 rvhspnvrwl vqvprlfdvy rtkgglanfq emleniflpl featvhpash pelhiflehv

541 dgfdsvddes kpenhvfnle splpeawvee dnppyayyly ytfanmamin hlrrgrgfht
601 fvirphcgea gpihhlvsaf mlaenishgl lirkapviqy lyylagigia msplsnnslf

661 Isyhrnplpe ylsrgimvsl stddplgfhf tkeplmeeys iatgvwklss cdmcelarns
721 vimsgfshkv kshwigpnyt kegpegndir rtnvpdirvg yryetlcgel alitgavgse
781 mletipeeag itmspgpq

SEQ. ID NO. 9 (NP_981949):

1 mitflpspge Iftrslaese Irsapyefpe espiegleer rgrlergisq dvklepdill
61 rakqdflktd sdsdlglyke ggegqgdrsl rerdvleref grvtisgeek cgvpftdlild
121 aaksvvralf irekymalsl gsfcpttrry Igglaekple trtyeqgpdt pvsadapvhp
181 paleghpyeh cepstmpgdl glglrmvrgv vhvytrrepd ehcsevelpy pdigefvadv
241 nvimaliing piksfeyrrl gylsskfgmh vlinemkela agkkvphrdf ynirkvdthi
301 hasscmngkh llrfikramk rhleeivhve ggregtirev fesmnltayd Isvdtldvha
361 drntfhrfdk fnakynpige svlreifikt dnrvsgkyfa hiikevmsdl eeskygnael
421 rlsiygrsrd ewdklarwav mhrvhspnvr wivqvprlfd vyrtkgglan fgemlenifl
481 plfeatvhpa shpelhlfle hvdgfdsvdd eskpenhvfn lesplpeawv eednppyayy
541 lyytfanmam Inhlrrqrgf htfvirphcg eagpihhlvs afmlaenish gllirkapvl
601 gylyylagig iamsplsnns [flsyhrnpl peylsrgimv slstddplaf hftkeplmee
661 ysiatgvwkl sscdmcelar nsvimsgfsh kvkshwlgpn ytkegpegnd irrtnvpdir
721 vgyryetlcq elalitgavg semletipee agitmspgpq

SEQ. ID NO. 10 (NP_001295099)

1 mwgsgapaga agtpplsppw sgpwhpihla lasprpnipl rsgpacrppl glgelftrsl
61 aeselrsapy efpeespieq leerrgrler gisqdvklep dillrakqdf Iktdsdsdlg
121 lykeqgegqg drslrerdvl erefgrvtis geekcgvpft dlidaaksvy ralfirekym
181 alslgsfcpt trrylgglae kpletrtyeq gpdtpvsada pvhppalegh pyehcepstm
241 pgdlglglrm vrgvvhvytr repdehcsev elpypdigef vadvnvimal iingpiksfc
301 yrrlgylssk fgmhvlinem kelaagkkvp hrdfynirkv dthihasscm ngkhllrfik
361 ramkrhleei vhveggregt Irevfesmnl taydlsvdtl dvhadrntfh rfdkfnakyn
421 pigesvlrei fiktdnrvsg kyfahiikev msdleeskyq naelrlsiyg rsrdewdkla
481 rwavmhrvhs pnvrwlvqvp rifdvyrtkg glanfgemle niflplfeat vhpashpelh
541 Iflehvdgfd svddeskpen hvfnlesplp eawveednpp yayylyytfa nmaminhlrr
601 grgfhtfvir phcgeagpih hivsafmlae nishgllirk apvlgylyyl agigiamspl
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661 snnslflsyh rnplpeylsr gimvslistdd plafhftkep Imeeysiatg vwklsscdmc
721 elarnsvims gfshkvkshw Igpnytkegp egndirrtnv pdirvgyrye ticgelalit
781 gavgsemlet ipeeagitms pgpq

SEQ. ID NO. 11 (NP_001244290):

1 mdgkckeiae elftrslaes elrsapyefp eespieglee rrgrlergis gdvklepdil

61 Irakqdflkt dsdsdlglyk eqgegqggdrs Irerdvlere fgrvtisgee kegvpftdll
121 daaksvvral firekymals Igsfepttrr ylgglaekpl etrtyeqgpd tpvsadapvh
181 ppaleghpye hcepstmpgd Iglglrmvrg vvhvytrrep dehcsevelp ypdigefvad
241 vnvimaliin gpiksfeyrr Iqylsskfgm hvlinemkel aagkkvphrd fynirkvdth
301 ihasscmngk hlirfikram krhleeivhv eqgregtire vfesmnltay disvdtldvh
361 adrntfhrfd kfnakynpig esvlreifik tdnrvsgkyf ahiikevmsd leeskygnae
421 Irlsiygrsr dewdklarwa vmhrvhspnv rwivgvprlf dvyrtkggla nfgemlenif
481 Iplfeatvhp ashpelhlfl ehvdgfdsvd deskpenhvf nlesplpeaw veednppyay
541 ylyytfanma minhlrrgrg fhtfvirphc geagpihhlv safmlaenis hgllirkapv
601 lgylyylaqi giamsplsnn slflsyhrnp Ipeylsrglm vsistddplg fhftkeplme
661 eysiatqvwk Isscdmcela rnsvimsgfs hkvkshwigp nytkegpegn dirrtnvpdi
721 rvgyryetlc gelalitgav gsemletipe eagitmspgp g

SEQ. ID NO. 12 (NP_001244289):

1 mrnrgqglfr Irsrcflhgs Iplgagrrkg Idvaepgpsr crsdspavaa vvpamasyps
61 gsgkpkakyp fkkraslgas taapearggl gapplgsars lpgpapclkh fpldirtsmd
121 gkckeiaeel firslaesel rsapyefpee spiegleerr grlergisqd vklepdillr
181 akqgdflktds dsdlglykeq gegqgdrsir erdvlerefq rvtisgeekc gvpftdilda
241 aksvvralfi rekymalslq sfcpttrryl gglaekplet rtyeqgpdtp vsadapvhpp
301 aleghpyehc epstmpgdlg Iglrmvrgvv hvytrrepde hcsevelpyp digefvadvn
361 vimaliingp iksfcyrrlg ylsskfgmhv linemkelaa gkkvphrdfy nirkvdthih
421 asscmngkhl Irfikramkr hleeivhveq gregtlrevf esmnltaydl svdtldvhad
481 rntfhrfdkf nakynpiges vireifiktd nrvsgkyfah iikevmsdle eskygnaelr
541 Isiygrsrde wdklarwavm hrvhspnvrw lvgvprlfdv yrtkgglanf gemleniflp
601 Ifeatvhpas hpelhlfleh vdgfdsvdde skpenhvfnl esplpeawve ednppyayyl
661 yytfanmaml nhlrrgrgfh tfvirphcge agpihhlvsa fmlaenishg llirkapvig
721 ylyylaqigi amsplsnnsl flsyhrnplp eylsrgimvs Istddplgfh ftkeplmeey
781 siatgvwkls scdmcelarn svimsgfshk vkshwigpny tkegpegndi rrtnvpdirv
841 gyryetlcge lalitgavgs emletipeea gitmspgpqg
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CLAIMS

What is claimed is:

1. A composition useful for decreasing a craving for fructose, sucrose, and/or a
simple sugar-containing compound, said composition comprising any compound with
AMPD?2 inhibitory activity at a therapeutically effective amount to inhibit activity against
AMPD2.

2. The composition of claim 1, wherein the AMPD inhibitor comprises a member
from the group consisting of a ribozyme, an interfering molecule (RNAI), peptide nucleic

acid, peptide, small molecule, an antibody targeted to AMPD, and combinations thereof.

3. The composition of claims 1 and 2, wherein the composition further
comprises a conjunctive therapeutic compound either as a pharmacologically active

compound or mixture of compounds, comprising:

one or more of fructokinase inhibitors, xanthine oxidase inhibitors including febuxostat,
allopurinol and oxypurinol, angiotensin converting enzyme inhibitors, or angiotensin receptor

blockers.

4., The composition of claims 1-3, wherein the AMPD inhibitor comprises a small
molecule, and wherein the small molecule is selected from the group consisting of: 3-[2-(3-
carboxy-4-bromo-5,6,7,8-tetrahydronaphthyl)ethyl]-3,6,7,8-tetrahydroimidazo[4,5-d] [1,3]
diazepin-8-ol;
6-(4-((1-(Isoquinolin-8-yl)ethylamino)methyl)phenyl)nicotinic acid (including enantiomers);

4'-((1-(Isoquinolin-8-yl)ethylamino)methyl)-3-methoxybiphenyl-4-carboxylic acid; and
N3-Substituted coformycin aglycon analogues.

5. A method for treating an AMPD2 related craving or addiction in a subject
comprising administering a therapeutically effective amount of an AMPD2 inhibitor and/or a
pan AMPD inhibitor, to the subject.

6. The method of claim 5, wherein the AMPD2 inhibitor comprises at least one

member of the group consisting of a ribozyme, an interfering molecule, a peptide, a small

molecule, an antibody targeted to at least AMPD2, and combinations thereof.
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7. The method of claim 6, wherein the AMPD2 inhibitor comprises an interfering
molecule, and wherein the interfering molecule comprises a member from the group
consisting of a phosphothioate morpholino oligomer (PMO), miRNA, siRNA, methylated
siRNA, treated-siRNA, shRNA, antisense RNA, a dicer-substrate 27-mer duplex, and any

combination thereof.

8. The method of claim 5, wherein the administering is done to decrease or treat

a sugar, salt, or umami craving, or a combination thereof.

9. The method of claim 5, wherein the administering is done to treat an addiction

to alcohol, tobacco, nicotine, cocaine, methamphetamines, amphetamines and marijuana.

10. The method of claim 5, wherein the administering is done to treat an addiction
to opioids, cannabinoids, methylphenidate, phencyclidine, and substituted amphetamines, or

sexX.

11. The method of claim 5, wherein the administering is done to provide a
diminished craving in the subject from at least one member selected from the group
consisting of fructose, fructose-containing sugars, glucose, sucralose, and combinations
thereof.

12. The method of claim 5, wherein the subject is diabetic.

13. A pharmaceutical formulation for treating a sugar craving characterized by a
presence or activity of AMPD2 by decreasing AMPD2, comprising a therapeutically effective

amount of an AMPD2 inhibitor, and optionally a pharmaceutically acceptable carrier.

14, The formulation of claim 13, wherein the AMPD2 inhibitor comprises at least
one member of the group consisting of a ribozyme, an interfering molecule, a peptide, a
small molecule, or an antibody targeted to AMPD2.

15. The formulation of claim 14, wherein the AMPD2 inhibitor comprises an

interfering molecule, and wherein the interfering molecule comprises a member from the

group consisting of a phosphothioate morpholino oligomer (PMO), miRNA, siRNA,
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methylated siRNA, treated siRNA, shRNA, antisense RNA, a dicer-substrate 27-mer duplex,
and any combination thereof.

16. The formulation of claim 14, wherein the AMPD2 inhibitor comprises a small
molecule, and wherein the small molecule comprises:

(8)-6-(4-((1-(isoquinolin-8-yl) ethylamino) methyl) phenyl) nicotinic acid.

17. The formulation of claim 14, wherein the AMPD2 inhibitor comprises one of
the following compounds:

18. A method for treating anorexia nervosa and/or to increase food intake in a
subject, comprising administering a therapeutically effective amount of IMP to the subject.

19. A method for treating anorexia nervosa and/or to increase food intake in a
subject comprising inducing expression of AMPDZ2, or stimulating AMPD2 activity in the

subject.

20. The method of claims 5-12, wherein the AMPD2 related addiction is an
addiction associated with reduction in dopamine receptors in the nucleus accumbens.

21. The method of claims 5-12 and 20, wherein the therapeutically effective
amount reduces the upregulation of AFosB or amount of AFosB in the nucleus accumbens in

the subject.
22. The method of claim 21, wherein the upregulation of AFosB or amount of AFosB

in the nucleus accumbens in the subject has been elevated in response to alcohol, tobacco,

nicotine, cocaine, methamphetamine, amphetamine, marijuana, opioid, cannabinoid,
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methylphenidate, phencyclidine, substituted amphetamines, or sex administration to the

subject.

23. The method of claims 5-12, or 20-22, wherein the AMPD2 inhibitor comprises

one of the following compounds:
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i time compared to water while AMPD2 KO mice preferred nicotine less than 10 % of the time.

{ Right: Cumulative nicotine intake over 16 days in the 2-bottle choice preference. Differences

i betweennicotine intake betweenWT and KO are highiy statistically significant.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.; 5-12,18-23
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 5-12 and 18-23 pertain to methods for treatment of the human body by therapy, and thus relate to a subject matter
which this International Searching Authority is not required, under PCT Article 17(2)(a)(i) and PCT Rule 39.1(iv), to search.

2. m Claims Nos.: 22
) because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claim 22 refers to one of claims which are not drafted in accordance with PCT Rule 6.4(a).

3, Claims Nos.: 3-4,20-21.23
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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