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METHOD OF TREATING OPIOID OR OPIATE ADDICTION

RELATED APPLICATION
[0001] This application claims priority to to U.S. Provisional Patent Application Serial
No. 62/627,568, filed on February 7, 2018, entitled “METHOD FOR TREATING OPIOID
ABUSE,” the contents of which are hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY FUNDED RESEARCH
[0002] This invention was made with government support under grant number NIH
(NIDA) R01-DAO15446, as issued by the National Institutes of Health. The government

has certain rights in the invention.

FIELD OF THE INVENTION
[0003] The present disclosure provides methods of treating an addiction. In particular,
the methods of the present disclosure relate to treating, preventing, and/or mitigating at

least one symptom or behavior of opiate addiction.

BACKGROUND
[0004] Opioid and opiate dependence is one of the most serious chronic and relapsing
medical disorders of our time. Abuse of opiates (alkaloids derived from the opium poppy),
such as heroin, morphine, and codeine, and illegal use of prescription opioids (synthetic or
semi-synthetic pain medications that work in a similar way to opiates) have been
skyrocketing with an unprecedented epidemic in recent years. For example, with an 80%
increase in the number of heroin abusing or dependent individuals over the past few years,
opiates are currently the second most prevalent class of abused drugs in the United States
and opiate overdose is now the leading cause of death among drug users (Bryant et al.,
2004; Centers for Disease and Prevention, 2007; Muazzam et al., 2012). As such, opioid
addiction is a major medical and societal problem with 2 million Americans abusing or
addicted to opioid, half of which are using heroin. Opioid abuse contributes to over 50,000
deaths per year in the United States, surpassing that of motor vehicle accidents. In fact,
overdose deaths from opioids in the United States has increased from 6.1 per 100,000 in
1999 to 16.3 per 100,000 in 2015 with the percentage of fatal heroin overdoses more than
tripling from 8% to 25%. This is due to the extremely high addictive potential of heroin as

well as to the steeply increasing availability of both heroin and prescription opioids
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(Inciardi et al., 2009a; Inciardi et al., 2009b; Schneider ef al., 2009; Pollini et al., 2011;
Peavy et al., 2012).

[0005] Addiction vulnerability is determined by a complex interaction of genetics,
epigenetics, cellular and molecular impairments, as well as behavioral traits. Substance use
disorders (SUDs) are chronic, relapsing disorders characterized by a pathological and
debilitating drive to obtain and consume drugs despite the associated physical, emotional
and social negative consequences (Koob and Volkow, 2010). A great deal is known about
the neurobiological underpinnings of substance use disorders primarily based on animal
studies.

[0006] Indeed, a major characteristic of substance use disorders is that behaviors aimed at
obtaining and consuming the abused substances predominate at the expense of more
adaptive behaviors. This is in part driven by the “hi-jacking” of the mesocorticolimbic
reward system that in non-addicted subjects is normally excited by natural rewards such as
food and sex. Abused drugs, though chemically diverse, can affect different components of
this system and are therefore extremely reinforcing.

[0007] Midbrain dopaminergic neurons form a central part of the mesocorticolimbic
reward system and are activated by all classes of abused substances (Johnson and North,
1992; Jones et al., 1998; Tapper et al., 2004; Waldhoer et al., 2004; Justinova et al., 2005).
These dopaminergic neurons are located in the ventral tegmental area (VTA) and substantia
nigra pars compacta (SNpc). In general, projections to the striatum and ventral pallidum
(VP) underlie reinforcing effects of abused substances, while additional effects to other
brain regions including the amygdala, the hippocampus and the prefrontal cortex are
involved in affective and learning aspects of addiction (Fuchs et al., 2005; See, 2005). The
common characteristic of natural and “unnatural” rewards is that they enhance
dopaminergic transmission in the mesocorticolimbic reward system, leading to increased
synaptic dopamine levels in the striatum (Johnson and North, 1992; Jones et al., 1998;
Tapper et al., 2004; Waldhoer et al., 2004; Justinova et al., 2005). Drugs of abuse can
achieve this effect by different mechanisms. Cocaine, for example, inhibits dopamine
reuptake, MDMA leads to the release of this neurotransmitter from synaptic vesicles, while
opioids inhibit GABAergic interneurons in the VTA leading to the dysinhibition of
dopaminergic projection neurons.

[0008] While much has been studied and is known about the neurobiological
underpinnings of substance use disorders, there remains a significant need for more

effective treatments to inhibit addiction behavior. Current treatment of opioid abuse
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employs a combination of opioid replacement therapy (ORT) under medical supervision.
For example, methadone is one type of ORT provided to patients; however, the success
depends on the patient and the overall failure rate is significant. Methadone is a synthetic
opioid prescribed for moderate to severe pain. It is also commonly used to treat opiate
addictions, especially addiction to heroin. Methadone acts on the same opioid receptors as
morphine and heroin to stabilize patients and minimize withdrawal symptoms in the case of
an addiction. Methadone is a federally designated Schedule II drug, meaning it has a
legitimate legal use but also a high likelihood of its users developing a dependence.
Because methadone is used as a way to curb addiction and reduce cravings, it is not as
heavily regulated as other drugs. However, it is still a powerful opiate with potentially
addictive qualities. People who start using methadone to overcome their heroin addiction
are at a higher risk of abuse because they already have a history of opioid dependency.
[0009] Buprenorphine/naloxone (SUBOXONE®) is another example of ORT. The
success rate 1s somewhat higher than methadone but there is a high rate of relapse once the
patient discontinues the treatment. Naltrexone can be additionally administered to help
prevent or control relapses. All of the ORT methods benefit significantly with a
concomitant counseling regimen, peer or group support meetings and/or counseling by a
mental health professional.

[0010] Today’s trends of increased opioid-related addiction and opioid-related deaths
have led to an increased burden on society, our government, and our health care system and
will continue to do so (Hansen et al., 2011). These trends and the limitations of current
opioid replacement therapies highlight the critical need to develop new, more effective
strategies for treating opiate and/or opioid addiction. The present disclosure has identified
a novel approach for opioid addiction and has demonstrated their effectiveness in treating

opioid and/or opiate addiction.

SUMMARY
[0011] The inventors, through direct study of the brains of human heroin abusers,
discovered the surprising and unexpected association between increased expression and/or
activity of FYN (a 59 kDa protein belonging to the Src family of nonreceptor tyrosine
kinases, which also includes Src, Yes, Yrk, Blk, Fgr, Hck, Lck, and Lyn) and opioid and/or
opiate usage. Moreover, the inventors have demonstrated that inhibiting FYN expression
and/or activity ameliorates, mitigates and/or alleviates symptoms and behaviors associated

with opioid and/or opiate addiction (e.g., decreased drug-seeking and self-administration
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behavior). In other words, the inventors have identified FYN as a new therapeutic target to
treat opioid and/or opiate abuse. In one embodiment, the inventors have demonstrated the
effectiveness of FYN as a therapeutic target for opioid/opiate abuse by administering
saracatinib—a small molecule FYN inhibitor originally developed as a cancer drug (by
ASTRAZENCA®) and which is disclosed in WO 01/94341, which is incorporated herein
by reference in its entirety. Up until the time of this application, saracatinib was being
investigated for use in treating Alzheimer’s and alcoholism; however, the link to opioid
and/or opiate treatment was not previously recognized or contemplated. The disclosure is
not, however, limited to the use of saracatinib. Rather, the disclosure embraces any suitable
means by which to inhibit FYN expression and/or activity, including administering
saracatinib derivatives or other FYN small molecule inhibitors, as well as administering
other suitable means to inhibit FYN expression and/or activity, such as administering anti-
FYN antibodies or inhibitory nucleic acid molecules (e.g., siRNA).

[0012] Accordingly, one aspect of the present disclosure relates to a method of treating,
preventing, mitigating and/or ameliorating at least one symptom or behavior of opioid
and/or opiate addiction in a subject. The method comprises administering to a subject in
need thereof an effective amount of an agent that inhibits the expression and/or activity of
at least one tyrosine kinase FYN. In one embodiment, the agent can be a small molecule
inhibitor of FYN, including for example, saracatinib or a derivative thereof. In other
embodiments, the agent can be a peptide or polypeptide inhibitor (e.g., an anti-FYN
antibody) or a nucleic acid-based inhibitor (e.g., sSiIRNA) of FYN expression and/or activity.
[0013] In any aspect or embodiment described herein, the tyrosine kinase FYN inhibitor
can include at least one small molecule tyrosine kinase FYN inhibitor (e.g., saracatinib or a
derivative thereof); at least one polypeptide tyrosine kinase FYN inhibitor (e.g., an anti-
FYN antibody); at least one tyrosine kinase FYN inhibitory nucleic acid (e.g., siRNA that
silences an mRNA transcript of a gene encoding FYN); or a combination thereof. It is
envisioned that genome-editing tools (e.g., CRISPR-Cas9) available in the art may also be
used to edit the genome of a patient, and specifically, to edit the genome of a patient at the
FYN gene in a manner that reduces or eliminates its expression.

[0014] In any aspect or embodiment described herein, the small molecule tyrosine kinase
FYN inhibitor may include saracatinib or a derivative thereof, dasatinib (BRISTOL-
MYERS SQUIBB) or a derivative thereof, bosutinib (PFIZER) or a derivative thereof, A

419259 trihydrochloride or a derivative thereof, herbimycin A or a derivative thereof, 1-
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naphthyl PP1 or a derivative thereof, PP 1 or a derivative thereof, PP 2 or a derivative
thereof, SU6656 or a derivative thereof, or a combination of any of the above.

[0015] In other aspects, the inhibitor agents (e.g., small molecule inhibitors, polypeptide
inhibitors, or nucleic acid inhibitors) can be formulated as pharmaceutical compositions
comprising one or more inhibitor agents, and at least one pharmaceutically acceptable
carrier.

[0016] In any aspect or embodiment described herein, the inhibitor agents (e.g., small
molecule inhibitors, polypeptide inhibitors, or nucleic acid inhibitors) and pharmaceutical
compositions comprising said agents are effective at mitigating, inhibiting, and/or
alleviating opioid/opiate seeking behavior in the subject.

[0017] In any aspect or embodiment described herein, the pharmaceutical composition
and/or agent(s) are effective at mitigating, inhibiting, and/or alleviating the subject’s
physiological dependence upon opioids/opiates.

[0018] In any aspect or embodiment described herein, the pharmaceutical compositions
further comprise a pharmaceutically effective amount of a carrier, additive, or excipient.
[0019] In another aspect, the pharmaceutical compositions and/or agents described herein
can be provided in the form of a pharmaceutical kit or package, that may further comprise
instructions for administering said composition and/or agents to a subject in need, e.g., a
subject addicted to heroin.

[0020] In addition, the methods disclosed herein may also comprise administering a
therapeutically effective amount of another treatment for opioid and/or opiate abuse. Said
another treatment may include administering one or more opioid/opiate replacement
therapies (ORT), such as, methodone or buprenorphine/naloxone (SUBOXONE®) or
naltrexone or a combination thereof. Said another treatment may also include some form of
therapy, including peer-to-peer support groups and professional drug rehabilitation therapy.
Administering the other treatment may occur before or after the FYN-based treatment, or at
or substantially at the same time as the FYN-based treatment (i.e., co-administered).

[0021] In a particular embodiment, the disclosure provides a method of treating an opioid
and/or opiate addiction in a subject comprising administering a therapeutically effective
amount of saracatinib or a derivative of saracatinib, or a pharmaceutically acceptable salt
thereof.

[0022] In another embodiment, the disclosure provides a method of treating an opioid

and/or opiate addiction in a subject comprising administering a pharmaceutical composition
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comprising a therapeutically effective amount of saracatinib or a derivative of saracatinib,
or a pharmaceutically acceptable salt thereof.

[0023] In still another embodiment, the disclosure provides a method of treating an
opioid and/or opiate addiction in a subject comprising administering a therapeutically
effective amount of an inhibitor of FYN activity or expression, or a pharmaceutically
composition comprising same.

[0024] In various embodiments, the subject being treated can have a tolerance,
dependence, or an addiction to at least one opioid and/or opiate drug, which can include
heroin, and also which can include oxycodone, hydrocodone, fentanyl, or naloxone.

[0025] The methods also contemplate further co-administering an opioid replacement
therapy, which can include methodone therapy or buprenorphine/naloxone
(SUBOXONE®) and/or naltrexone therapy.

[0026] The method further can comprise co-administering a histone acetylation inhibitor
and/or a bromodomain inhibitor.

[0027] In certain embodiments, that the histone acetylation inhibitor can be at least one of
anacardic acid or a derivative thereof, C 646 or a derivative thereof, EML 425 or a
derivative thereof, PU139 or a derivative thereof, PU141 or a derivative thereof, MB-3 or a
derivative thereof, CPTH2 or a derivative thereof, ISOX DUAL or a derivative thereof,
L002 or a derivative thereof, Lys-CoA or a derivative thereof, NU 9056 or a derivative
thereof, curcumin or a derivative thereof, garcinol or a derivative thereof, or a combination
thereof.

[0028] In other embodiments, the bromodomain inhibitor can be at least one of JQ1 or a
derivative thereof, ISOX DUAL or a derivative thereof, I-CBP 112 or a derivative thereof,
SCG-CBP30 or a derivative thereof, I-BET151 (GSK1210151A) or a derivative thereof, I-
BET762 (GSK525762) or a derivative thereof, OXF BD 02 or a derivative thereof, MS 436
or a derivative thereof, XMD 8-92 or a derivative thereof, PFI 1 or a derivative thereof, PF1
4 or a derivative thereof, PF CBP1 or a derivative thereof, XD 14 or a derivative thereof,
bromosporine or a derivative thereof, RVX-208 or a derivative thereof, BMS-986158 or a
derivative thereof, OTX-015 or a derivative thereof, ischemin sodium salt or a derivative
thereof, TEN-010 or a derivative thereof, CPI-0610 or a derivative thereof, PLX-51107 or a
derivative thereof, INCB054329 or a derivative thereof, GSK2820151 or a derivative
thereof, BAY 1238097 or a derivative thereof, or a combination thereof.

[0029] In other embodiments, the FYN inhibitors (e.g., saracatinib) can be administered

orally, sublingually, intramuscularly, subcutaneously, intravenously, or by inhalation.
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[0030] In still other embodiments, the small molecule FYN inhibitor is saracatinib or
derivative thereof, dasatinib or derivative thereof, bosutinib or derivative thereof, A 419259
trihydrochloride or derivative thereof, herbimycin A or derivative thereof, 1-naphthyl PP1
or derivative thereof, PP 1 or derivative thereof, PP 2 or derivative thereof, SU6656 or
derivative thereof, or combinations thereof.

[0031] In yet other embodiments, the small molecule FYN inhibitor is a compound of
Formula IV

R3

~ <

Ql
\Z N

Z N

A

! N RZ.
(R)m aw.

wherein each of Q', Z, m, R', R% R3, and Q? have any of the meanings as defined or claimed
in PCT/GB2001/002424 (published as W0O/2001/094341), which is incorporated herein by
reference.

[0032] In still other embodiments, the inhibitor of FYN activity or expression is a
polypeptide inhibitor, such as an anti-FYN antibody.

[0033] In yet other embodiments, the inhibitor of FYN activity or expression is a nucleic
acid inhibitor, e.g., an siRNA inhibitor of a mRNA encoding FYN.

[0034] The preceding general areas of utility are given by way of example only and are
not intended to be limiting on the scope of the present disclosure and appended claims.
Additional objects and advantages associated with the methods, and processes of the present
disclosure will be appreciated by one of ordinary skill in the art in light of the instant claims,
description, and examples. For example, the various aspects and embodiments of the
disclosure may be utilized in numerous combinations, all of which are expressly
contemplated by the present description. These additional aspects and embodiments are
expressly included within the scope of the present disclosure. The publications and other
materials used herein to illuminate the background of the disclosure, and in particular cases,
to provide additional details respecting the practice, are expressly incorporated herein by

reference.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0035] The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate several embodiments of the present disclosure and, together with the
description, serve to explain the principles of the present disclosure. The drawings are only
for the purpose of illustrating an embodiment of the present disclosure and are not to be
construed as limiting the present disclosure. Further objects, features and advantages of the
disclosure will become apparent from the following detailed description taken in
conjunction with the accompanying figures showing illustrative embodiments of the
disclosure, in which:
[0036] FIG. 1. Human striatum tissue was obtained from the ventral and dorsal striatum
(putamen) at the level of the nucleus accumbens (NAc) for examination as described herein.
[0037] FIG. 2A and FIG. 2B. Stereotaxic surgeries included (FIG. 2A) guide cannulae
implanted at a 10° angle at AP+1.7mm, ML+3.5mm and DV+2mm from bregma, and (FIG.
2B) For JQ1 injections (a bromodomain inhibitor), 28 gauge needle inserted through the
guide cannulae to AP+17mm, ML+3.5mm and DV+5.2mm from bregma for JQ1 injections.
Two (2) ml of 20uM JQI1 was injected over 1 minute in both hemispheres.
[0038] FIG. 3A and FIG. 3B. Gene ontology analysis of differentially accessible regions.
(FIG. 3A) Enriched categories for neuronal ATAC peaks that are less accessible in heroin
users. (FIG. 3B) Enriched categories for neuronal ATAC peaks that are more accessible in
heroin users.
[0039] FIG. 4. Factors contributing to ATAC signal variability. Violin plots showing the
percentage of ATAC signal variance explained by cell type (neuron vs. glia), diagnosis
(heroin vs. control; shown separately in neuron and glia), gender, individual variability,
post-mortem interval and residual factors. Top genes are indicated next to plot. Dx:
diagnosis, PMI: post-mortem interval.
[0040] FIG. 5A and FIG. 5B. Heroin increases chromatin accessibility of the FYN
promoter in neurons. ATAC signal indicates that chromatin accessibility within the top
FYN peak in NeuN-positive neuronal (FIG. 5SA) and NeuN-negative glial (FIG. 5B) cell
populations. Data is represented as mean + SEM.
[0041] FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D. Heroin-related transcriptional
impairments of FYN in the post-mortem human brain. FIG. 6A illustrates real-time
quantitative PCR data showing FYN mRNA levels in the putamen of human heroin users
and matched controls. Data is represented as mean + SEM. FIG. 6B illustrates Pearson

correlation between FYN mRNA and acetylated histone H3. R and P values correspond to
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the heroin group. FIG. 6C and FIG. 6D illustrates Pearson correlations between normalized
FYN mRNA levels and years of previous drug use (FIG. 6C) and urine morphine [ng/ul]
toxicology at the time of death (FIG. 6D).

[0042] FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 7D. Differential correlations between
FYN and post-synaptic density components in human heroin users. Pearson correlations
between normalized FYN mRNA levels and various members of the glutamatergic post-
synaptic density (i.e., DLGS, GRIA1, GRMS, and HOMERI, respectively) in the putamen
of human heroin users and matched controls. R and P values corresponding to correlations
in the heroin group are shown.

[0043] FIG. 8A, FIG. 8B, and FIG. 8C. Fyn mRNA levels are affected by heroin in vivo
and in vitro. (FIG. 8A) Fyn mRNA levels in the caudatoputamen of heroin self-
administering adult male Long-Evans rats. (FIG. 8B) Fyn mRNA levels in primary striatal
cells treated with 10 uM or 100 uM morphine. (FIG. 8C) Fyn mRNA in heroin self-
administering adult male Long-Evans rats treated with aCSF or JQ1. Data is represented as
mean + SEM. P values from one-way ANOVA are shown. Cpu: caudatoputamen. aCSF:
artificial cerebrospinal fluid.

[0044] FIG. 9A and FIG. 9B. FYN inhibitor saracatinib attenuates heroin-self
administration behavior and drug-seeking behavior in vivo. (FIG. 9A) Active lever presses
during 3 hours long heroin self-administration session in vehicle and saracatinib treated
Long-Evans rats. Arrows represent days of saracatinib administration. Bar graphs represent
mean + SEM. Two-way ANOVA revealed significant group effect (F1,29=6.852,
p=0.0139). (FIG. 9B) Active lever presses during a 1 hour non-reinforced cue-induced
drug-seeking session in vehicle and saracatinib treated Long-Evans rats. Data is represented
as mean + SEM. Two-way ANOVA revealed significant group (F1,132=7.376, p=0.0075)
and time (F11,132=2.685, p=0.0038) effects.

DETAILED DESCRIPTION
[0045] The following is a detailed description provided to aid those skilled in the art in
practicing the present disclosure. Those of ordinary skill in the art may make modifications
and variations in the embodiments described herein without departing from the spirit or
scope of the present disclosure. All publications, patent applications, patents, figures and
other references mentioned herein are expressly incorporated by reference in their entirety.
[0046] Presently described are methods and compositions of matter that relate to the

surprising and unexpected discovery that tyrosine kinase FYN is overexpressed and/or has
9
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induced or increased activity in the neurons of subjects that are taking opioids and/or
opiates (e.g., opioid/opiate addicted subjects). Accordingly, the present disclosure provides
methods of treating, preventing, ameliorating and/or mitigating symptoms and/or behaviors
of opioid/opiate addiction by inhibiting the expression and/or activity of tyrosine kinase
FYN in individuals that are taking and/or are addicted to opioids and/or opiates.

[0047] In one embodiment, the inventors have demonstrated the effectiveness of FYN as
a therapeutic target for opioid/opiate abuse by administering saracatinib—a small molecule
Fyn inhibitor originally developed as a cancer drug (by ASTRAZENCA®) and which is
disclosed in WO 01/94341 (incorporated herein by reference). At the time of this filing,
saracatinib is being investigated for use in treating Alzheimer’s and alcoholism; however,
the link to opioid and/or opiate treatment has not previously been recognized or
contemplated in the art. However, the methods and compositions disclosed herein are not
limited to the use of saracatinib to inhibit FYN activity or reduce its expression. Rather, the
disclosure embraces any suitable means by which to inhibit FYN expression and/or activity,
including saracatinib derivatives, other FYN small molecule inhibitors, or other suitables
means to inhibit FYN expression and/or activity, such as polypeptide and/or peptide FYN
inhibitors (e.g., anti-FYN antibodies) or inhibitory nucleic acid molecules (e.g., siRNA)
which inhibit FYN expression, for example, by inhibiting the transcriptional activity of the
gene encoding FYN, silence the encoded mRNA transcripts (e.g., si RNA), or inhibition
translational processes.

[0048] Accordingly, one aspect of the present disclosure relates to a method of treating,
preventing, mitigating and/or ameliorating at least one symptom or behavior of
opioid/opiate addiction in a subject. The method comprises administering to a subject in
need thereof an effective amount of an agent that inhibits the expression and/or activity of
at least one tyrosine kinase FYN. In one embodiment, the agent can be a small molecule
inhibitor of FYN, including for example, saracatinib or a derivative thereof. In other
embodiments, the agent can be a peptide or polypeptide inhibitor (e.g., an anti-FYN
antibody) or a nucleic acid-based inhibitor (e.g., siIRNA) of FYN expression and/or activity.
[0049] In any aspect or embodiment described herein, the composition, agent, or agents
of the present disclosure are effective at mitigating, inhibiting, and/or alleviating opioid
seeking behavior in the subject. For example, the composition, agent or agents can be
effective at mitigating, inhibiting, and/or alleviating the subject’s physiological dependence

upon opioids.
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[0050] In any aspect or embodiment described herein, the composition further comprises
a pharmaceutically effective amount of a carrier, additive, or excipient.

[0051] In certain aspects, the present disclosure utilizes a small molecule (i.e., having a
molecular weight of below 2,000, 1,000, 900, 500, or 200 Daltons), which is a tyrosine
kinase FYN inhibitor.

[0052] Definitions

[0053] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
present disclosure belongs. The terminology used in the description is for describing
particular embodiments only and is not intended to be limiting of the disclosure.

[0054] Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening value in
that stated range is encompassed within the disclosure. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges is also encompassed
within the disclosure, subject to any specifically excluded limit in the stated range. Where
the stated range includes one or both of the limits, ranges excluding either both of those
included limits are also included in the disclosure.

[0055] The following terms are used to describe the present disclosure. In instances
where a term is not specifically defined herein, that term is given an art-recognized
meaning by those of ordinary skill applying that term in context to its use in describing the
present disclosure.

[0056] The articles "a" and "an" as used herein and in the appended claims are used
herein to refer to one or to more than one (i.e., to at least one) of the grammatical object of
the article unless the context clearly indicates otherwise. By way of example, "an element”
means one element or more than one element.

[0057] The phrase "and/or," as used herein in the specification and in the claims, should
be understood to mean "either or both" of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with "and/or" should be construed in the same fashion, i.e., "one or more" of
the elements so conjoined. Other elements may optionally be present other than the
elements specifically identified by the "and/or" clause, whether related or unrelated to those
elements specifically identified. Thus, as a non-limiting example, a reference to "A and/or

B", when used in conjunction with open-ended language such as "comprising" can refer, in
11
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one embodiment, to A only (optionally including elements other than B); in another
embodiment, to B only (optionally including elements other than A); in yet another
embodiment, to both A and B (optionally including other elements); etc.

[0058] As used herein in the specification and in the claims, "or" should be understood to
have the same meaning as "and/or" as defined above. For example, when separating items
in a list, "or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the contrary, such as “only one
of” or "exactly one of," or, when used in the claims, "consisting of," will refer to the
inclusion of exactly one element of a number or list of elements. In general, the term "or" as
used herein shall only be interpreted as indicating exclusive alternatives (i.e., "one or the

nn

other but not both") when preceded by terms of exclusivity, such as "either," "one of,"
"only one of," or "exactly one of."

[0059] In the claims, as well as in the specification above, all transitional phrases such as
"comprising,” "including,"” "carrying," "having," "containing,"” "involving," "holding,"
"composed of," and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases "consisting of' and "consisting essentially
of' shall be closed or semi-closed transitional phrases, respectively, as set forth in the
United States Patent Office Manual of Patent Examining Procedures, Section 2111.03.
[0060] As used herein in the specification and in the claims, the phrase "at least one," in
reference to a list of one or more elements, should be understood to mean at least one
element selected from anyone or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the elements
specifically identified within the list of elements to which the phrase "at least one" refers,
whether related or unrelated to those elements specifically identified. Thus, as a non-
limiting example, "at least one of A and B" (or, equivalently, "at least one of A or B," or,
equivalently "at least one of A and/or B") can refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including
elements other than B); in another embodiment, to at least one, optionally including more
than one, B, with no A present (and optionally including elements other than A); in yet
another embodiment, to at least one, optionally including more than one, A, and at least one,

optionally including more than one, B (and optionally including other elements); etc.
12
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[0061] It should also be understood that, in certain methods described herein that include
more than one step or act, the order of the steps or acts of the method is not necessarily
limited to the order in which the steps or acts of the method are recited unless the context
indicates otherwise.

[0062] The terms "co-administration" and "co-administering” or “combination therapy”
refer to both concurrent administration (administration of two or more therapeutic agents at
the same time) and time varied administration (administration of one or more therapeutic
agents at a time different from that of the administration of an additional therapeutic agent
or agents), as long as the therapeutic agents are present in the patient/subject to some extent,
preferably at effective amounts, at the same time. In certain preferred aspects, one or more
of the agents described herein, are coadministered in combination with at least one
additional bioactive agent.

[0063] The term “agent” or “compound”, as used herein, unless otherwise indicated,
refers to any specific chemical compound or agent disclosed herein and includes tautomers,
regioisomers, geometric isomers, and where applicable, stereoisomers, including optical
isomers (enantiomers) and other stereoisomers (diastereomers) thereof, as well as
pharmaceutically acceptable salts and derivatives, including prodrug and/or deuterated
forms thereof where applicable, in context. Deuterated small molecules contemplated are
those in which one or more of the hydrogen atoms contained in the drug molecule have
been replaced by deuterium.

[0064] Within its use in context, the term compound or agent generally refers to a single
compound or agent, but also may include other compounds, such as stereoisomers,
regioisomers and/or optical isomers (including racemic mixtures) as well as specific
enantiomers or enantiomerically enriched mixtures of disclosed compounds, or agents. The
term also refers, in context to prodrug forms of compounds which have been modified to
facilitate the administration and delivery of compounds to a site of activity.

[0065] The term “patient” or “subject” is used throughout the specification to describe an
animal, preferably a human or a domesticated animal (e.g., a dog, rat, mouse, or cat, or a
farm animal such as a horse, cow, sheep, etc.), to whom treatment, including prophylactic
treatment, with the agents/compounds according to the present disclosure is provided, e.g.,
a person who is addicted to one or more opioids and/or opiates, such as heroin.

[0066] “Ameliorate”, “ameliorating”, “amelioration”, “mitigate”, mitigation”,
“mitigating”, or the like, refers to decreasing, suppressing, attenuating, diminishing,

arresting, or stabilizing the development or progression of a disease (e.g., opioid or opiate
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addiction), at least one symptom of the disease, and/or at least one behavior associated with
the disease.

[0067] “Treat”, “treatment”, or “treating” as used herein, is defined as the application or
administration of an agent or a composition described herein to a patient or subject, who
has a disease or disorder (e.g., opioid or opiate addiction) with the purpose to cure, heal,
alleviate, relieve, alter, remedy, ameliorate, improve or affect the disease or disorder,
symptoms of the disease or disorder, or a behavior associated with the disease or disorder.
The term "treatment” or "treating” is also used herein in the context of administering agents
or a composition prophylactically. In the context of the present disclosure, the symptoms
that may be alleviated can include, but are not limited to, any symptom associated with
opioid addiction. In the context of the present disclosure, the behavior that may be
alleviated, ameliorated, or mitigated with the agents or composition of the present
disclosure include drug taking and/or drug seeking behavior. In some instances, treatment
will prevent opioid addiction.

[0068] The term “prevent”, “preventing”, or “prevention” refers to the prevention of
opioid addiction or prevents at least one symptom opioid addiction, and/or at least one
behavior associated with opioid addiction, which means to prophylactically interfere with a
pathological mechanism that results in the opioid addiction, a symptom of opioid addiction,
or a behavior associated with opioid addiction.

[0069] The term “effective” is used to describe an amount of a compound, composition,
agent, or component which, when used within the context of its intended use, effects an
intended result. The term effective subsumes all other effective amount or effective
concentration terms, which are otherwise described or used in the present application.
[0070] As used herein, the term “opioids” refers to substances that act on opioid receptors
to produce morphine-like effects. Side effects of opioids may include itchiness, sedation,
nausea, respiratory depression, constipation, and euphoria. Tolerance and dependence will
develop with continuous use, requiring increasing doses and leading to a withdrawal
syndrome upon abrupt discontinuation. The euphoria attracts recreational use, and frequent,
escalating recreational use of opioids typically results in addiction. Examples include semi-
synthetic and synthetic drugs , such as hydrocodone, oxycodone, and fentanyl, and
naloxone. Opioids include and/or encompass “opiates,” which typically refers to the
natural alkaloids found in the resin of the opium poppy although some include semi-
synthetic derivatives. As used herein, an “addiction” in the context of a drug such as an

opioid is a brain disorder characterized by compulsive engagement in rewarding stimuli
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despite adverse consequences. Further, addiction can mean a primary, chronic disease of
brain reward, motivation, memory and related circuitry. Dysfunction in these circuits leads
to characteristic biological, psychological, social and spiritual manifestations. This is
reflected in an individual pathologically pursuing reward and/or relief by substance use and
other behaviours. Addiction is characterized by inability to consistently abstain,
impairment in behavioural control, craving, diminished recognition of significant problems
with one’s behaviours and interpersonal relationships, and a dysfunctional emotional
response.

[0071] As used herein, an “addictive behavior” in the context of a drug such as an opioid
is a behavior that is both rewarding and reinforcing.

[0072] As used in herein, an “addictive drug,” such as an opioid or opiate, is a drug that is
both rewarding and reinforcing.

[0073] As used herein, “dependence” on a particular drug is an adaptive physiological
state that occurs with regular drug use and results in a withdrawal syndrome when drug use
is stopped. It is usually associated with increased tolerance. Physical dependence tends to
be a characteristic of substance use disorders, but alones does not imply addiction.

[0074] As used herein, “tolerance” of a drug is a condition in which higher doses of a
drug are required to produce the same effect experienced during initial use. It is often
associated with physical dependence.

[0075] As used herein, “withdrawal” of a drug is a characteristic of substance use
disorders, but does not necessarily imply addiction. With regular use of a substance,
biochemical and structural adaptations take place in the brain. Withdrawal is the group of
symptoms and signs that a person experiences after a period of regular use, when the
quantity of the substance in the brain is reduced.

[0076] As used herein, the agents and methods disclosed herein are useful in the
treatment of “opioid/opiate abuse” which can encompass treatment of related concepts such
as addition, dependence, tolerance, and withdrawal of an opioid or opiate drug.

[0077] If a compound of the present invention is depicted in form of a chemical name and
as a formula in case of any discrepancy the formula shall prevail.

[0078] As used herein, "pharmaceutically acceptable salts" refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or base
salts thereof. Examples of pharmacologically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of

acidic residues such as carboxylic acids; and the like. For example, such salts include salts
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from ammonia, L-arginine, betaine, benethamine, benzathine, calcium hydroxide, choline,
deanol, diethanolamine (2,2'-iminobis(ethanol)), diethylamine, 2-(diethylamino)-ethanol, 2-
aminoethanol, ethylenediamine, N-ethyl-glucamine, hydrabamine, 1H-imidazole, lysine,
magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine, piperazine, potassium hydroxide,
1-(2-hydroxyethyl)-pyrrolidine, sodium hydroxide, triethanolamine (2,2',2"-
nitrilotris(ethanol)), tromethamine, zinc hydroxide, acetic acid, 2.2-dichloro-acetic acid,
adipic acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid,
2,5-dihydroxybenzoic acid, 4-acetamido-benzoic acid, (+)camphoric acid, (+)-camphor-10-
sulfonic acid, carbonic acid, cinnamic acid, citric acid, cyclamic acid, decanoic acid,
dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxy-
ethanesulfonic acid, ethylenediaminetetraacetic acid, formic acid, fumaric acid, galactaric
acid, gentisic acid, D-glucoheptonic acid, D-gluconic acid, D-glucuronic acid, glutamic
acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycine, glycolic acid,
hexanoic acid, hippuric acid, hydrobromic acid, hydrochloric acid, isobutyric acid, DL-
lactic acid, lactobionic acid, lauric acid, lysine, maleic acid, (-)-L-malic acid, malonic acid,
DL-mandelic acid, methanesulfonic acid, galactaric acid, naphthalene-1,5-disulfonic acid,
naphthalene-2-sulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid,
octanoic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid (embonic acid),
phosphoric acid, propionic acid, (-)-L-pyroglutamic acid, salicylic acid, 4-amino-salicylic
acid, sebacic acid, stearic acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid,
thiocyanic acid, p-toluenesulfonic acid and undecylenic acid. Further pharmaceutically
acceptable salts can be formed with cations from metals like aluminium, calcium, lithium,
magnesium, potassium, sodium, zinc and the like. (also see Pharmaceutical salts, Berge, S.
M. et al., J. Pharm. Sci., (1977), 66, 1-19).
[0079] The pharmaceutically acceptable salts of the present invention can be synthesized
from the parent compound which contains a cationic group and optionally an additional
basic or acidic moiety by conventional chemical methods. Generally, such salts can be
prepared by reacting other salt forms of these compounds with a sufficient amount of the
appropriate base or acid in water or in an organic diluent like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile, or a mixture thereof. Moreover, counterions can generally be
exchanged by ion exchange chromatography.

FYN Protein
[0080] The methods and compositions of the present disclosure relate to inhibiting the

expression and/or activity of the FYN protein, including any isoform thereof. As will be
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appreciated, a protein isoform, or "protein variant" is a member of a set of highly similar
proteins that perform the same or similar biological roles. A set of protein isoforms may be
formed from alternative splicings or other post-translational modifications of a single gene.
Through RNA splicing mechanisms, mRNA has the ability to select different protein-
coding segments (exons) of a gene, or even different parts of exons from RNA to form
different mRNA sequences. Each unique sequence produces a specific form of a protein. A
set of protein isoforms may also result from a set of closely related genes that evolved from
a single gene in the past.

[0081] FYN is a 59-kDa member of the Src family of kinases typically associated with
T-cell and neuronal signaling in development and normal cell physiology and exists
naturally in several isoforms. Disruptions in these signaling pathways often have
implications in the formation of a variety of cancers. By definition as a proto-oncogene,
FYN codes for proteins that help regulate cell growth. Changes in its DNA sequence
transform it into an oncogene that leads to the formation of a different protein with
implications for normal cell regulation.

[0082] More specifically, FYN is a member of the protein-tyrosine kinase oncogene
family. It encodes a membrane-associated tyrosine kinase that has been implicated in the
control of cell growth. The protein associates with the p85 subunit of phosphatidylinositol
3-kinase and interacts with the FYN-binding protein. Alternatively spliced transcript
variants encoding distinct isoforms exist in nature.

[0083] FYN is located downstream of several cell surface receptors, commonly
associated with neuronal development and T-cell signaling. When FYN is activated it
causes downstream activation of molecular signals that drive processes crucial to growth
and motility of cells. FYN is primarily localized to the cytoplasmic leaflet of the plasma
membrane, where it phosphorylates tyrosine residues on key targets involved in a variety of
different signaling pathways. Tyrosine phosphorylation of target proteins by FYN serves to
either regulate target protein activity, and/or to generate a binding site on the target protein
that recruits other signaling molecules. Interestingly, FYN also has the ability to serve as a
tumor suppressor. When this normal biology is compromised, the altered FYN becomes
involved in the neoplastic transformation of normal cells to cancerous ones following the
pathway from pre-invasive, to invasive, and ultimately metastasis.

[0084] Aliases to FYN include SLK, SYN, p59-FYN proto-oncogene, and Src family

tyrosine kinase.
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[0085]

exemplary FYN sequences:

[0086]

PCT/US2019/017020

Publicly disclosed isoform polypeptide sequences include the following

GenBank No.: NP_002028.1 (537 amino acids, human, isoform “A”, and its

corresponding mRNA sequence NM_002037, and its corresponding mRNA sequence

NM_153047), having the following amino acid sequence:

MGCVQCKDKE
LTVEFGGVNSS
EARSLTTGET
TKGAYSLSIR
RLVVPCHKGM
LKPGTMSPES
ALKLPNLVDM
TARQGAKFPI
RGYRMPCPQD

(SEQ ID NO:
GenBank No.: NP_694592 (534 amino acids, human, isoform “B”, and its

[0087]

ATKLTEERDG
SHIGTLRIRG
CYIPSNYVAP
DWDDMKGDHV
PRLTDLSVKT
FLEEAQIMKK
AAQVAAGMAY
KWTAPEAALY
CPISLHELMI
1);

SLNQSSGYRY
GTGVTLFVAL
VDSIQAEEWY
KHYKIRKLDN
KDVWEIPRES
LKHDKLVQLY
IERMNYIHRD
GREFTIKSDVW
HCWKKDPEER

GTDPTPQHYP
YDYEARTEDD
FGKLGRKDAE
GGYYITTRAQ
LOLIKRLGNG
AVVSEEPIYI
LRSANILVGN
SFGILLTELV
PTFEYLQSFL

SEFGVISIPNY
LSFHKGEKFQ
RQLLSFGNPR
FETLOQLVQH
QFGEVWMGTW
VIEYMNKGSL
GLICKIADFG
TKGRVPYPGM
EDYFTATEPQ

NNFHAAGGQG
ILNSSEGDWW
GTFLIRESET
YSERAAGLCC
NGNTKVAIKT
LDFLKDGEGR
LARLIEDNEY
NNREVLEQVE
YQPGENL

corresponding mRNA sequence NM_153047.3), having the following amino acid

sequence:

MGCVQCKDKE
LTVEFGGVNSS
EARSLTTGET
TKGAYSLSIR
NLTVIASSCT
GTMSPESFLE
LPNLVDMAAQ
QGAKFPIKWT
RMPCPQDCPI

(SEQ ID NO:
GenBank No.: NP_694593 (482 amino acids, human, isoform “C” and its

[0088]

ATKLTEERDG
SHIGTLRIRG
CYIPSNYVAP
DWDDMKGDHV
PQTSCLAKDA
EAQIMKKLKH
VAAGMAYIER
APEAALYGRF
SLHELMIHCW
2);

SLNQSSGYRY
GTGVTLFVAL
VDSIQAEEWY
KHYKIRKLDN
WEVARRSLCL
DKLVQLYAVV
MNYTIHRDLRS
TIKSDVWSEG
KKDPEERPTF

GTDPTPQHYP
YDYEARTEDD
FGKLGRKDAE
GGYYITTRAQ
EKKLGQGCFA
SEEPIYIVTE
ANILVGNGLI
ILLTELVTKG
EYLOSFLEDY

SEFGVISIPNY
LSFHKGEKFQ
RQLLSFGNPR
FETLOQLVQH
EVWLGTWNGN
YMNKGSLLDF
CKIADFGLAR
RVPYPGMNNR
FTATEPQYQP

NNFHAAGGQG
ILNSSEGDWW
GTFLIRESE
YSEKADGLCF
TKVAIKTLKP
LKDGEGRALK
LIEDNEYTAR
EVLEQVERGY
GENL

corresponding mRNA sequence NM_153048.3), having the following amino acid

sequence:

MGCVQCKDKE
LTVEFGGVNSS
EARSLTTGET
TKGAYSLSIR
VAIKTLKPGT

ATKLTEERDG
SHTGTLRTRG
GYIPSNYVAP
DWDDMKGDHV
MSPESFLEEA

SLNQSSGYRY
GTGVTLFVAL
VDSIQAEEWY
KHYKIRKLDN

QIMKKLKHDK

GTDPTPQHYP
YDYEARTEDD
FGKLGRKDAE
GGYYITTRAQ
LVQLYAVVSE

18

SEFGVISIPNY
LSFHKGEKFQ
RQLLSFGNPR
FETLOQLVQH
EPIYIVTEYM

NNFHAAGGQG
ILNSSEGDWW
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NKGSLLDFLK
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DGEGRALKLP NLVDMAAQVA AGMAYIERMN YIHRDLRSAN ILVGNGLICK IADFGLARLI
EDNEYTARQG AKFPIKWTAP EAALYGRFTI KSDVWSFGIL LTELVTKGRV PYPGMNNREV
LEQVERGYRM PCPQDCPISL HELMIHCWKK DPEERPTFEY LOSFLEDYFT ATEPQYQPGE

NL (SEQ ID

[0089]

NO: 3);

GenBank No.: NP_001116364 (534 amino acids, mouse, isoform “C”, and its

corresponding mRNA sequence NM_001122892.1), having the following amino acid

sequence:

MGCVQCKDKE
LTVEFGGVNSS
EARSLTTGET
TKGAYSLSIR
NLTVVSSSCT
GTMSPESFLE
LPNLVDMAAQ
QGAKFPIKWT
RMPCPQDCPI

(SEQ ID NO:
GenBank No.: NP_001116365 (537 amino acids, mouse, isoform “A” and its

[0090]

AAKLTEERDG
SHIGTLRIRG
CYIPSNYVAP
DWDDMKGDHV
PQTSCLAKDA
EAQIMKKLKH
VAAGMAYIER
APEAALYGRF
SLHELMIHCW
1) ;

SLNQSSGYRY
GTGVTLFVAL
VDSIQAEEWY
KHYKIRKLDN
WEVARDSLFL
DKLVQLYAVV
MNYTIHRDLRS
TIKSDVWSEG
KKDPEERPTF

GTDPTPQHYP
YDYEARTEDD
FGKLGRKDAE
GGYYITTRAQ
EKKLGQGCFA
SEEPIYIVTE
ANILVGNGLI
ILLTELVTKG
EYLOGFLEDY

SEFGVISIPNY
LSFHKGEKFQ
RQLLSFGNPR
FETLOQLVQH
EVWLGTWNGN
YMSKGSLLDF
CKIADFGLAR
RVPYPGMNNR
FTATEPQYQP

NNFHAAGGQG
ILNSSEGDWW
GTFLIRESET
YSEKADGLCF
TKVAIKTLKP
LKDGEGRALK
LIEDNEYTAR
EVLEQVERGY
GENL

corresponding mRNA sequence NM_001122893.1), having the following amino acid

sequence:

MGCVQCKDKE
LTVEFGGVNSS
EARSLTTGET
TKGAYSLSIR
RLVVPCHKGM
LKPGTMSPES
ALKLPNLVDM
TARQGAKFPI
RGYRMPCPQD

(SEQ ID NO:

[0091]

AAKLTEERDG
SHTGTLRTRG
GYIPSNYVAP
DWDDMKGDHV
PRLTDLSVKT
FLEEAQIMKK
AAQVAAGMAY
KWTAPEAALY
CPISLHELMI

5); and

SLNQSSGYRY
GTGVTLFVAL
VDSIQAEEWY
KHYKIRKLDN
KDVWEIPRES
LKHDKLVQLY
IERMNYIHRD
GREFTIKSDVW
HCWKKDPEER

GTDPTPQHYP
YDYEARTEDD
FGKLGRKDAE
GGYYITTRAQ
LOLIKRLGNG
AVVSEEPIYI
LRSANILVGN
SFGILLTELV
PTFEYLQGFL

SEFGVISIPNY
LSFHKGEKFQ
RQLLSFGNPR
FETLOQLVQH
QFGEVWMGTW
VIEYMSKGSL
GLICKIADFG
TKGRVPYPGM
EDYFTATEPQ

NNFHAAGGQG
ILNSSEGDWW
GTFLIRESET
YSERAAGLCC
NGNTKVAIKT
LDFLKDGEGR
LARLIEDNEY
NNREVLEQVE
YQPGENL

GenBank No.: NP_032080 (534 amino acids, mouse, isoform “B’” and its

corresponding mRNA sequence NM_008054.2) , having the following amino acid

sequence:

MGCVQCKDKE AAKLTEERDG SLNQSSGYRY GTDPTPQHYP SEFGVTSIPNY NNFHAAGGQG
LTVFGGVNSS SHTGTLRTRG GTGVTLEVAL YDYEARTEDD LSFHKGEKFQ ILNSSEGDWW
EARSLTTGET GYIPSNYVAP VDSIQAEEWY FGKLGRKDAE RQLLSFGNPR GTFLIRESET
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TKGAYSLSIR DWDDMKGDHV KHYKIRKLDN GGYYITTRAQ FETLQQLVQH YSEKADGLCF
NLTVVSSSCT PQTSGLAKDA WEVARDSLEFL EKKLGQGCFA EVWLGTWNGN TKVAIKTLKP
GTMSPESFLE EAQIMKKLKH DKLVQLYAVV SEEPIYIVTE YMSKGSLLDF LKDGEGRALK
LPNLVDMAAQ VAAGMAYIER MNYIHRDLRS ANILVGNGLI CKIADFGLAR LIEDNEYTAR
QGAKFPIKWT APEAALYGRE TIKSDVWSEFG ILLTELVTKG RVPYPGMNNR EVLEQVERGY
RMPCPQDCPI SLHELMIHCW KKDPEERPTEF EYLQGFLEDY FTATEPQYQP GENL (SEQ ID

NO: 6), each of which are publicly available amino acid and nucleotide sequences and
are incorporated herein by reference. See Mkaddem SB et al., “Lyn and Fyn function as
molecular switches that control immunoreceptors to direct homeostasis or inflammation,”
Nat Commun 8 (1), 246 (2017), which is incorporated herein by reference.

[0092] With regard any specific biomolecules herein disclosed, e.g., specific FYN amino
acid sequences, such as SEQ ID Nos: 1-6, the disclosure is not limited to such exemplary
sequences but instead encompasses biomolecules that are similar thereto with regard to
their sequences (e.g., amino acid or nucleotide sequences) and/or function. In one
embodiment, the present disclosure contemplates nucleic acid molecules or polypeptides
(e.g., FYN polypeptides) having a sequence identity of at least 70%, or at least 75%, or at
least 80%, or at least 85%, or at least 90%, or at least 95%, or at least 99% of any disclosed
sequence, e.g., the FYN polypeptides of SEQ ID Nos: 1-6.

[0093] Without wishing to be limited by theory, the inventors discovered the surprising
and unexpected association between increased expression and/or activity of FYN and
opioid and/or opiate usage. Moreover, the inventors have demonstrated that inhibiting
FYN expression and/or activity ameliorates, mitigates and/or alleviates symptoms and
behaviors associated with opioid and/or opiate addiction (e.g., decreased drug-seeking and
self-administration behavior). In other words, the inventors have identified FYN as a new
therapeutic target to treat opioid and/or opiate abuse. In one embodiment, the inventors
have demonstrated the effectiveness of FYN as a therapeutic target for opioid and/or opiate
abuse by administering saracatinib—a small molecule FYN inhibitor originally developed
as a cancer drug (by ASTRAZENCA®) and which is disclosed in WO 01/94341
(incorporated herein by reference). At the time of this application, saracatinib was being
investigated for use in treating Alzheimer’s and alcoholism; however, the link to opioid
and/or opiate treatment had not previously been recognized or contemplated in the art. The
present disclosure is not limited to the use of saracatinib. Rather, the disclosure embraces
any suitable means by which to inhibit FYN expression and/or activity, including

saracatinib derivatives, other FYN small molecule inhibitors, or other suitables means to
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inhibit FYN expression and/or activity, such as anti-FYN antibodies or inhibitory nucleic
acid molecules (e.g., siRNA).
[0094] The inhibitors disclosed and utilized herein are capable of inhibiting the
expression and/or activity of at least one isoform of FYN, and preferably all FYN isoforms
equally or substantially equally. The expression “inhibit FYN” or the like contemplates
and/or means inhibition of at least one FYN isoform, and preferably, all FYN isoforms
equally or substantially equally.

Small Molecule FYN Inhibitors

[0095] In any aspect or embodiment described herein, the agent can include as least one
(e.g., 1,2,3,4,5,6,7, or more) small molecule tyrosine kinase FYN inhibitor. For
example, the agent can include at least one (e.g., 1, 2, 3,4, 5, 6, 7, or more) small molecule
tyrosine kinase FYN inhibitor selected from the group consisting of:
[0096] saracatinib (4-(6-chloro-2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-
yD)- ethoxy]-5-tetrahydropyran-4-yloxyquinazoline) or a derivative thereof;
[0097] dasatinib (N-(2-chloro-6-methylphenyl)-2-{6-[4-(2-hydroxyethyl)piperazin-1-yl]-
2-met- hylpyrimidin-4-ylamino }thiazole-5-carboxamide) or a derivative thereof;
[0098] bosutinib (4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-methyl-
1-piperazinyl)propoxy]-3-quinolinecarbonitrile) or a derivative thereof;
[0099] A 419259 trihydrochloride (7-[frans-4-(4-Methyl-1-piperazinyl)cyclohexyl]-5-(4-
phenoxyphenyl)-7H-Pyrrolo[2,3-d]pyrimidin-4-amine trihydrochloride) or a derivative
thereof;
[00100] herbimycin A ((15R)-17-demethoxy-15-methoxy-11-0O-methyl-geldanamycin) or
a derivative thereof;
[00101] 1-naphthyl PP1 (1-(1,1-Dimethylethyl)-3-(1-naphthalenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine) or a derivative thereof;
[00102] PP 1 (1-(1,1-Dimethylethyl)-1-(4-methylphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine) or a derivative thereof;
[00103] PP 2 (3-(4-chlorophenyl) 1-(1,1-dimethylethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine) or a derivative thereof; and
[00104] SU6656 ((3Z)-N,N-Dimethyl-2-ox0-3-(4,5,6,7-tetrahydro-1H-indol-2-
ylmethylidene)-2,3-dihydro-1H-indole-5-sulfonamide) or a derivative thereof, or a
combination thereof, and any pharmaceutically acceptable salts thereof.
[00105] In a particular embodiment, the tyrosine kinase FYN inhibitor is saracatinib,
having the IUPAC name N-(5-chloro-1,3-benzodioxol-4-yl)-7-[2-(4-methyl-1-
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piperazinyl)ethoxy]-5-[(tetrahydro-2H-pyran-4-yl)oxy]-4-quinazolinamine and having the

structure of Formula I, as follows:
-~

N

N

N

(

O

(I), or a pharmaceutically acceptible salt thereof.
[00106] In another embodiment, the tyrosine kinase FYN inhibitor is a derivative of
saracatinib or one or more of the related C-5 substituted anilinoquinazolines or
pharmaceutically acceptable salts thereof which are described and shown in Hennequin LF
et al., “N-(5-chloro-1,3-benzodioxol-4-yl)-7-[2-(4-methylpiperazin-1-yl)ethoxy]-5-
(tetrahydro-2H-pyran-4-yloxy)quinazolin-4-amine, a novel, highly selective, orally
available, dual-specific c-Src/Abl kinase inhibitor,” J. Med. Chem. (2006), Vol. 49, No. 22,
pages 6465-88, which is incorporated herein by reference in its entirety.

[00107] In another particular embodiment, the tyrosine kinase FYN inhibitor is bosutinib,
having the IUPAC name 4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-
methylpiperazin-1-yl)propoxy]quinoline-3-carbonitrile and having the structure of Formula

11, as follows:

Nao
AN N O\
N/ O/\\'/\N/\

~

thereof, and as described in Puttini, M. et al., "In vitro and in vivo activity of SKI-606, a

N
™ (1), or a pharmaceutically acceptible salt

novel Src-Abl inhibitor, against imatinib-resistant Ber-Abl+ neoplastic cells,” Cancer Res.
(2006), Vol. 66, No. 23, pages: 11314-22, whch is incorporated herein by reference.
[00108] In still another particular embodiment, the tyrosine kinase FYN inhibitor is
dasatinib, having the IUPAC name N-(2-chloro-6-methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-
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1-piperazinyl]-2-methyl-4-pyrimidinyl]Jamino]-5-thiazole carboxamide monohydrate and

having the structure of Formula III, as follows:

Q H
T

acceptible salt thereof, and as described in Puttini, M. et al., "In vitro and in vivo activity of

(IIT), or a pharmaceutically

SKI-606, a novel Src-Abl inhibitor, against imatinib-resistant Ber-Abl+ neoplastic cells,"
Cancer Res. (2006), Vol. 66, No. 23, pages: 11314-22, whch is incorporated herein by
reference.

[00109] In yet another embodiment, the tyrosine kinase FYN inhibitor is a quinazoline
derivative of Formula IV,

R3

~ <

Ql
\Z N

Z N

A

! N RZ.
Fm av).

wherein Formular IV and each of Q!, Z, m, R', R?, R?, and Q? have any of the meanings as
defined or claimed in PCT/GB2001/002424 (published as W0O/2001/094341, which is
incorporated herein by reference), or wherein Formula IV and each of Q'.,Z, m,R!, R% R3,
and Q* have any of the meanings as defined or claimed in an equivalent application or patent
based on a national stage of PCT/GB2001/002424, including U.S. Patent Nos. 7,049,438 and
7,696,214, or a pharmaceutically acceptable salts thereof. These references are each
incorporated herein by reference in their entireties.

[00110] In still another embodiment, the tyrosine kinase FYN inhibitor is the compound 4-
(6-chloro-2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-yl)ethox-y]-5-
tetrahydropyran-4-yloxyquinazoline as described and claimed in U.S. 7,696,214, which is
incorporated herein by reference. In yet another embodiment, the tyrosine kinase FYN
inhibitor is defined based on having a similar gene expression profile as saracatinib based on
datasets collated from multiple in vitro assays showing down-regulation of FYN-related gene

targets, and includes one or more of the following compounds: mitomycin-c; irinotecan;
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ochratoxin-a; vincristine; cephaeline; 5- iodotubercidin; clofarabine; apigenin;
sarmentogenin; topotecan; rosiglitazone; podophyllotoxin; triamterene; fludarabine;
dactinomycin; cytochalasin-b; etoposide; staurosporine; troglitazone; and proscillaridin.
[00111] The amount of each small molecule inhibitor administered and/or present in a
pharmaceutical composition as described herein that may be combined with the carrier
materials to produce a single dosage form will vary depending upon the host and disease
being treated, the particular mode of administration. Preferably, the compositions should be
formulated to contain between about 0.05 milligram to about 750 milligrams or more, about
1 milligram to about 600 milligrams, or about 10 milligrams to about 500 milligrams of at
least one small molecule described herein, alone or in combination with at least one other
agent described herein. For example, about 0.05 mg to about 750 mg, about 100 mg to about
750 mg, about 200 mg to about 750 mg, about 300 mg to about 750 mg, about 400 mg to
about 750 mg, about 500 mg to about 750 mg, about 600 mg to about 750 mg, about 0.05 mg
to about 650 mg, about 100 mg to about 650 mg, about 200 mg to about 650 mg, about 300
mg to about 650 mg, about 400 mg to about 650 mg, about 500 mg to about 650 mg, about
0.05 mg to about 550 mg, about 100 mg to about 550 mg, about 200 mg to about 550 mg,
about 300 mg to about 550 mg, about 400 mg to about 550 mg, about 0.05 mg to about 450
mg, about 100 mg to about 450 mg, about 200 mg to about 450 mg, about 300 mg to about
450 mg, about 0.05 mg to about 350 mg, about 100 mg to about 350 mg, about 200 mg to
about 350 mg, about 0.05 mg to about 250 mg, about 100 mg to about 250 mg, or about 0.05
mg to about 150 mg of at least one small molecule described herein, alone or in combination
with at least one other agent described herein, is administered to the subject.

[00112] The following methods are suitable for preparing the above compounds. The
compounds according to the disclosure may be obtained using methods of synthesis which
are known to the one skilled in the art and described in the literature of organic synthesis.
General methods for functional groups protection and deprotection steps are described in the
available literature in the state of the art, e.g., see Greene, T. W. and Wuts, P. G. M. (eds.):
Protective Groups in Organic Synthesis, third edition 1999; John Wiley and Sons, Inc.
Preferably, the compounds are obtained analogously to the methods of preparation explained
more fully hereinafter, in particular, as described in the experimental section.

[00113] The compounds above, as defined hereinbefore, may contain groups that may be
further converted into the salts thereof, for pharmaceutical use particularly into
pharmaceutically acceptable salts with inorganic or organic acids and bases. Acids which

may be used for this purpose include for example hydrochloric acid, hydrobromic acid,
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sulphuric acid, methanesulphonic acid, phosphoric acid, fumaric acid, succinic acid, lactic
acid, citric acid, tartaric acid or maleic acid. Corresponding processes are known to the
skilled person.

[00114] Moreover, where one or more stereoisomers may exist, the compounds above or
intermediates in the synthesis of compounds above may be obtained as mixtures and then
resolved into their stereoisomers, e.g., enantiomers and/or diastereomers. Thus, for example,
cis/trans mixtures may be resolved into their cis and trans isomers, and racemic compounds
may be separated into their enantiomers.

[00115] Thus, for example, the cis/trans mixtures may be resolved by chromatography
into the cis and trans isomers thereof. The compounds of general formula (I) or intermediates
in the synthesis of compounds of general formula (I), which occur as racemates may be
separated by methods known per se (cf. Allinger N. L. and Eliel E. L. in "Topics in
Stereochemistry”, Vol. 6, Wiley Interscience, 1971) into their optical antipodes and
compounds of general formula (I) or intermediates in the synthesis of compounds of general
formula (I) with at least 2 asymmetric carbon atoms may be resolved into their diastereomers
on the basis of their physical-chemical differences using methods known per se, e.g., by
chromatography and/or fractional crystallization, and, if these compounds are obtained in
racemic form, they may subsequently be resolved into the enantiomers as mentioned above.
[00116] The racemates are preferably resolved by column chromatography on chiral
phases or by crystallization from an optically active solvent or by reacting with an optically
active substance which forms salts or derivatives such as esters or amides with the racemic
compound. Salts may be formed with enantiomerically pure acids for basic compounds and
with enantiomerically pure bases for acidic compounds. Diastereomeric derivatives are
formed with enantiomerically pure auxiliary compounds, e.g., acids, their activated
derivatives, or alcohols. Separation of the diastereomeric mixture of salts or derivatives thus
obtained may be achieved by taking advantage of their different physico-chemical properties,
e.g., differences in solubility; the free antipodes may be released from the pure
diastereomeric salts or derivatives by the action of suitable agents. Optically active acids in
common use for such a purpose include, for example, the D- and L-forms of tartaric acid,
dibenzoyltartaric acid, ditoluoyltartaric acid, malic acid, mandelic acid, camphorsulfonic acid,
glutamic acid, aspartic acid, or quinic acid. Optically active alcohols applicable as auxiliary
residues may be, for example, (+) or (-)-menthol and optically active acyl groups in amides

may be, for example, (+) or (-)-menthyloxycarbonyl.
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[00117] The substances according to the disclosure can be isolated and purified in a
manner known per se, for example by distilling off the solvent under reduced pressure and
recrystallizing the residue obtained from a suitable solvent or subjecting it to one of the
customary purification methods, such as, for example, column chromatography on a suitable
support material.

Polypeptide FYN Inhibitors

[00118] In any aspect or embodiment described herein, the agent can include at least one
(e.g., 1,2,3,4,5,6,7, or more) polypeptide tyrosine kinase FYN inhibitor, such as an anti-
FYN antibody.

[00119] Anti-FYN antibodies may bind to or recognize a specific epitope on FYN, i.e., an
“FYN epitope” or “FYN antigen epitope,” although, knowledge of the specific epitope is not
a prerequisite for using anti-FYN antibodies to inhibit FYN.

[00120] The epitopes are most commonly proteins (or portions thereof), short
oligopeptides, oligopeptide mimics (i.e., organic compounds that mimic antibody binding
properties of FYN), or combinations thereof. The minimum size of a peptide or polypeptide
epitope for an antibody is thought to be about four to five amino acids. Peptide or polypeptide
epitopes contain for example at least seven amino acids or for example at least nine amino
acids or for example between about 15 to about 20 amino acids. In addition, since an
antibody can recognize an antigenic peptide or polypeptide in its tertiary form, the amino
acids comprising an epitope need not be contiguous, and in some cases, may not even be on
the same peptide chain. Epitopes may be determined by various epitope mapping techniques
known in the art, such as X-ray crystallography, Hydrogen/Deuterium Exchange Mass
Spectrometry (HXMS), site-directed mutagenesis, alanine scanning mutagenesis, and peptide
screening methods.

[00121]  The generalized structure of antibodies or immunoglobulins is well known to
those of skill in the art. These molecules are heterotetrameric glycoproteins, typically of
about 150,000 daltons, composed of two identical light (L) chains and two identical heavy
(H) chains and are typically referred to as full length antibodies. Each light chain is
covalently linked to a heavy chain by one disulfide bond to form a heterodimer, and the
heterotrameric molecule is formed through a covalent disulfide linkage between the two
identical heavy chains of the heterodimers. Although the light and heavy chains are linked
together by one disulfide bond, the number of disulfide linkages between the two heavy
chains varies by immunoglobulin isotype. Each heavy and light chain also has regularly

spaced intrachain disulfide bridges. Each heavy chain has at the amino-terminus a variable
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domain (Vn), followed by three or four constant domains (Cni, Cuz, Cns, and Cua), as well as
a hinge region between Cui and Cmz. Each light chain has two domains, an amino-terminal
variable domain (V1) and a carboxy-terminal constant domain (Cr). The VL domain
associates non-covalently with the Vu domain, whereas the CL domain is commonly
covalently linked to the Ca1 domain via a disulfide bond. Particular amino acid residues are
believed to form an interface between the light and heavy chain variable domains (Chothia et
al., 1985, J. Mol. Biol. 186:651-663). Variable domains are also referred herein as variable
regions.

[00122] Certain domains within the variable domains differ extensively between different
antibodies, i.e., are "hypervariable." These hypervariable domains contain residues that are
directly involved in the binding and specificity of each particular antibody for its specific
antigenic determinant. Hypervariability, both in the light chain and the heavy chain variable
domains, is concentrated in three segments known as complementarity determining regions
(CDRs) or hypervariable loops (HVLs). CDRs are defined by sequence comparison in Kabat
etal., 1991, In: Sequences of Proteins of Immunological Interest, Sth Ed. Public Health
Service, National Institutes of Health, Bethesda, Md., whereas HVLs (also referred herein as
CDRys) are structurally defined according to the three-dimensional structure of the variable
domain, as described by Chothia and Lesk, 1987, J. Mol. Biol. 196: 901-917. These two
methods result in slightly different identifications of a CDR. As defined by Kabat, CDR-L1 is
positioned at about residues 24-34, CDR-L2, at about residues 50-56, and CDR-L3, at about
residues 89-97 in the light chain variable domain; CDR-HI1 is positioned at about residues 31-
35, CDR-H2 at about residues 50-65, and CDR-H3 at about residues 95-102 in the heavy
chain variable domain. The exact residue numbers that encompass a particular CDR will vary
depending on the sequence and size of the CDR. Those skilled in the art can routinely
determine which residues comprise a particular CDR given the variable region amino acid
sequence of the antibody. The CDR1, CDR2, CDR3 of the heavy and light chains therefore
define the unique and functional properties specific for a given antibody.

[00123] The three CDRs within each of the heavy and light chains are separated by
framework regions (FR), which contain sequences that tend to be less variable. From the
amino terminus to the carboxy terminus of the heavy and light chain variable domains, the
FRs and CDRs are arranged in the order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4.
The largely B-sheet configuration of the FRs brings the CDRs within each of the chains into
close proximity to each other as well as to the CDRs from the other chain. The resulting

conformation contributes to the antigen binding site (see Kabat et al., 1991, NIH Publ. No.
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91-3242, Vol. I, pages 647-669), although not all CDR residues are necessarily directly
involved in antigen binding.

[00124]  FR residues and Ig constant domains are not directly involved in antigen binding,
but contribute to antigen binding and/or mediate antibody effector function. Some FR
residues are thought to have a significant effect on antigen binding in at least three ways: by
noncovalently binding directly to an epitope, by interacting with one or more CDR residues,
and by affecting the interface between the heavy and light chains. The constant domains are
not directly involved in antigen binding but mediate various Ig effector functions, such as
participation of the antibody in antibody dependent cellular cytotoxicity (ADCC),
complement dependent cytotoxicity (CDC) and antibody dependent cellular phagocytosis
(ADCP).

[00125]  The light chains of vertebrate immunoglobulins are assigned to one of two clearly
distinct classes, kappa (k) and lambda (), based on the amino acid sequence of the constant
domain. By comparison, the heavy chains of mammalian immunoglobulins are assigned to
one of five major classes, according to the sequence of the constant domains: IgA, IgD, IgE,
IgG, and IgM. IgG and IgA are further divided into subclasses (isotypes), e.g., 1gG1, IgG2,
IgG3, 1gG4, IgA1, and IgA2. The heavy chain constant domains that correspond to the
different classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu,
respectively. The subunit structures and three-dimensional configurations of the classes of
native immunoglobulins are well known.

[00126] The terms, "antibody," "anti-FYN antibody," "humanized anti-FYN antibody,"
and the like, specifically encompass monoclonal antibodies (including full length monoclonal
antibodies), polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies), and
antibody fragments, such as variable domains and other portions of antibodies that exhibit a
desired biological activity, e.g., FYN binding. The term "monoclonal antibody" (mAb) refers
to an antibody that is highly specific, being directed against a single antigenic determinant, an
"epitope."” Therefore, the modifier "monoclonal” is indicative of antibodies directed to the
identical epitope and is not to be construed as requiring production of the antibody by any
particular method. It should be understood that monoclonal antibodies can be made by any
technique or methodology known in the art; including e.g., the hybridoma method (Kohler et
al., 1975, Nature 256:495), or recombinant DNA methods known in the art (see, e.g., U.S. Pat.
No. 4,816,567), or methods of isolation of monoclonal recombinantly produced using phage
antibody libraries, using techniques described in Clackson et al., 1991, Nature 352: 624-628,

and Marks et al., 1991, J. Mol. Biol. 222: 581-597.
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[00127] The term "monomer" refers to a homogenous form of an antibody. For example,
for a full-length antibody, monomer means a monomeric antibody having two identical heavy
chains and two identical light chains.

[00128] Chimeric antibodies consist of the heavy and light chain variable regions of an
antibody from one species (e.g., a non-human mammal such as a mouse) and the heavy and
light chain constant regions of another species (e.g., human) antibody and can be obtained by
linking the DNA sequences encoding the variable regions of the antibody from the first
species (e.g., mouse) to the DNA sequences for the constant regions of the antibody from the
second (e.g., human) species and transforming a host with an expression vector containing
the linked sequences to allow it to produce a chimeric antibody. Alternatively, the chimeric
antibody also could be one in which one or more regions or domains of the heavy and/or light
chain is identical with, homologous to, or a variant of the corresponding sequence in a
monoclonal antibody from another immunoglobulin class or isotype, or from a consensus or
germline sequence. Chimeric antibodies can include fragments of such antibodies, provided
that the antibody fragment exhibits the desired biological activity of its parent antibody, for
example binding to the same epitope (see, e.g., U.S. Pat. No. 4,816,567; and Morrison et al.,
1984, Proc. Natl. Acad. Sci. USA 81: 6851-6855).

[00129] The terms, "antibody fragment," "anti-FYN antibody fragment," "anti-FYN
epitope antibody fragment,” "humanized anti-FYN antibody fragment,” "humanized anti-
FYN epitope antibody fragment, and " "variant humanized anti-FYN epitope antibody
fragment," refer to a portion of a full length anti-FYN antibody, in which a variable region or
a functional capability is retained, for example, specific FYN epitope binding. Examples of
antibody fragments include, but are not limited to, a Fab, Fab', F(ab")2, Fd, Fv, scFv and
scFv-Fc fragment, a diabody, a linear antibody, a single-chain antibody, a minibody, a
diabody formed from antibody fragments, and multispecific antibodies formed from antibody
fragments.

[00130]  Full length antibodies can be treated with enzymes such as papain or pepsin to
generate useful antibody fragments. Papain digestion is used to produces two identical
antigen-binding antibody fragments called "Fab" fragments, each with a single antigen-
binding site, and a residual "Fc" fragment. The Fab fragment also contains the constant
domain of the light chain and the CH, domain of the heavy chain. Pepsin treatment yields a
F(ab')2 fragment that has two antigen-binding sites and is still capable of cross-linking

antigen.
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[00131] Fab' fragments differ from Fab fragments by the presence of additional residues
including one or more cysteines from the antibody hinge region at the C-terminus of the CH,
domain. F(ab')2 antibody fragments are pairs of Fab' fragments linked by cysteine residues in
the hinge region. Other chemical couplings of antibody fragments are also known.

[00132] "Fv" fragment contains a complete antigen-recognition and binding site consisting
of a dimer of one heavy and one light chain variable domain in tight, non-covalent
association. In this configuration, the three CDRs of each variable domain interact to define
an antigen-biding site on the surface of the VH-VL dimer. Collectively, the six CDRs confer
antigen-binding specificity to the antibody.

[00133] A "single-chain Fv" or "scFv" antibody fragment is a single chain Fv variant
comprising the VH and VL domains of an antibody where the domains are present in a single
polypeptide chain. The single chain Fv is capable of recognizing and binding antigen. The
scFv polypeptide may optionally also contain a polypeptide linker positioned between the VH
and VL domains in order to facilitate formation of a desired three-dimensional structure for
antigen binding by the scFv (see, e.g., Pluckthun, 1994, In The Pharmacology of monoclonal
Antibodies, Vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315).
[00134] A "diabody" refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain (VH) connected to a light chain
variable domain (VL) in the same polypeptide chain (VH-VL or VL-VH). Diabodies are
described more fully in, e.g., Holliger et al. (1993) Proc. Natl. Acad. Sci. USA 90: 6444-6448.
[00135] Other recognized antibody fragments include those that comprise a pair of tandem
Fd segments (VH-CH1-VH-CH1) to form a pair of antigen binding regions. These "linear
antibodies” can be bispecific or monospecific as described in, for example, Zapata et al. 1995,
Protein Eng. 8(10):1057-1062.

[00136] A "humanized antibody” or a "humanized antibody fragment" is a specific type of
chimeric antibody which includes an immunoglobulin amino acid sequence variant, or
fragment thereof, which is capable of binding to a predetermined antigen and which,
comprises one or more FRs having substantially the amino acid sequence of a human
immunoglobulin and one or more CDRs having substantially the amino acid sequence of a
non-human immunoglobulin. This non-human amino acid sequence often referred to as an
"import" sequence is typically taken from an "import" antibody domain, particularly a
variable domain. In general, a humanized antibody includes at least the CDRs or HVLs of a
non-human antibody, inserted between the FRs of a human heavy or light chain variable

domain. The present invention contemplates specific humanized antibodies which contain
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CDRs derived from mouse monoclonal antibodies or humanized CDRs inserted between the
FRs of human germline sequence heavy and light chain variable domains. It will be
understood that certain mouse FR residues may be important to the function of the humanized
antibodies and therefore certain of the human germline sequence heavy and light chain
variable domains residues are modified to be the same as those of the corresponding mouse
sequence.

[00137] The polypeptide FYN inhibitors are not limited to anti-FYN antibodies, but also
embrace any peptides or polypeptides which bind to the FYN protein and inhibit its activity,
or alternatively, which inhibit the expression of the FYN gene.

Inhibitory FYN Nucleic Acids

[00138] In any aspect or embodiment described herein, the agent can include at least one
(e.g.,1,2,3,4,5,6,7, or more) tyrosine kinase FYN inhibitory nucleic acids.

[00139] An “inhibitory nucleic acid” is meant to refer to a single or double-stranded RNA,
siRNA (short interfering RNA), shRNA (short hairpin RNA), or antisense RNA, or a portion
thereof, or a mimetic thereof, that when administered to a cell results in a decrease (e.g., by at
least about 10%, at least about 25%, at least about 35%, at least about 50%, at least about
65%, at least about 75%, at least about 90%, about 10% to about 100%, about 10% to about
90%, about 10% to about 75%, about 10% to about 65%, about 10% to about 50%, about
10% to about 25%, about 25% to about 100%, about 25% to about 90%, about 25% to about
75%, about 25% to about 65%, about 25% to about 50%, about 10% to about 25%, about
35% to about 100%, about 35% to about 90%, about 35% to about 75%, about 35% to about
65%, about 50% to about 100%, about 50% to about 90%, about 50% to about 75%, about
65% to about 100%, about 65% to about 90%, about 70% to about 100%, or about 70% to
about 90%) in the expression of a target gene (e.g., tyrosine kinase FYN). A nucleic acid
inhibitor may comprise or correspond to at least a portion of a target nucleic acid molecule,
or an ortholog thereof, or comprises at least a portion of the complementary strand of a target
nucleic acid molecule.

[00140] For example, the agent can include at least one (e.g., 1, 2, 3,4, 5, 6, 7, or more)
tyrosine kinase FYN inhibitory nucleic acid that specifically targets tyrosine kinase FYN,
thereby inhibiting the expression of tyrosine kinase FYN.

[00141] The inhibitory nucleic acid molecules of the present disclosure are essentially
nucleobase oligomers that may be employed as single-stranded or double-stranded nucleic
acid molecule to decrease the expression of the target proteins (e.g., tyrosine kinase FYN). In

one approach, the inhibitory nucleic acid molecule is a double-stranded RNA used for RNA
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interference (RNA1)-mediated knock-down the gene expression of tyrosine kinase FYN, a
histone acetyltransferase, or a protein having a bromodomain. In one embodiment, a double-
stranded RNA (dsRNA) molecule is made that includes between eight and twenty-five (e.g.,
8,10, 12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25) consecutive nucleobases of a nucleobase
oligomer of the target gene/protein. The dsSRNA can be two complementary strands of RNA
that have duplexed, or a single RNA strand that has self-duplexed (small hairpin (sh)RNA).
Typically, dsSRNAs are about 21 or 22 base pairs, but may be shorter or longer (up to about
29 nucleobases) if desired. Double stranded RNA can be made using standard techniques
(e.g., chemical synthesis or in vitro transcription). Kits to accomplish this are available, for
example, from Ambion (Austin, Tex.) and Epicentre (Madison, Wis.). Methods for
expressing dsRNA in mammalian cells are described in Brummelkamp et al. Science
296:550-553, 2002; Paddison et al. Genes & Devel. 16:948-958, 2002. Paul et al. Nature
Biotechnol. 20:505-508, 2002; Sui et al. Proc. Natl. Acad. Sci. USA 99:5515-5520, 2002; Yu
et al. Proc. Natl. Acad. Sci. USA 99:6047-6052, 2002; Miyagishi et al. Nature Biotechnol.
20:497-500, 2002; and Lee et al. Nature Biotechnol. 20:500-505 2002, each of which is
hereby incorporated by reference.

[00142]  An inhibitory nucleic acid molecule that “corresponds” to tyrosine kinase FYN
comprises at least a fragment of the double-stranded gene, such that each strand of the
double-stranded inhibitory nucleic acid molecule is capable of binding to the complementary
strand of the target gene (e.g., tyrosine kinase FYN gene). The inhibitory nucleic acid
molecule of the present disclosure need not have perfect correspondence to the reference
gene sequence. In one embodiment, an siRNA has at least about 85%, 90%, 95%, 96%, 97%,
98%, or even 99% sequence identity with the target nucleic acid. For example, a 19 base pair
duplex having 1-2 base pair mismatch is considered useful in the methods of the disclosure.
In other embodiments, the nucleobase sequence of the inhibitory nucleic acid molecule
exhibits 1, 2, 3, 4, 5 or more mismatches.

[00143] The term “siRNA” refers to a small interfering RNA, which is a double stranded
RNA that corresponds to or matches a reference or target gene sequence (e.g., the gene of a
tyrosine kinase FYN, a histone acetyltransferase, and/or a protein having a bromodomain).
This matching need not be perfect so long as each strand of the siRNA is capable of binding
to at least a portion of the target sequence. siRNA can be used to inhibit gene expression, see
for example Bass, 2001, Nature, 411, 428 429; Elbashir et al., 2001, Nature, 411, 494 498;
and Zamore et al., Cell 101:25-33 (2000).
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[00144] The inhibitory nucleic acid molecules of the present disclosure are not limited to
siRNAs, but include any nucleic acid molecule sufficient to decrease the expression of a the
target nucleic acid molecule or polypeptide (such as, tyrosine kinase FYN).

[00145] An “antisense nucleic acid” is meant to refer to a non-enzymatic nucleic acid
molecule that binds to target RNA by means of RNA--RNA or RNA-DNA interactions and
alters the activity of the target RNA (for a review, see Stein et al. 1993; Woolf et al., U.S. Pat.
No. 5, 849,902). Typically, antisense molecules are complementary to a target sequence
along a single contiguous sequence of the antisense molecule. However, in certain
embodiments, an antisense molecule can bind to a substrate such that the substrate molecule
forms a loop, and/or an antisense molecule can bind such that the antisense molecule forms a
loop. Thus, the antisense molecule can be complementary to two (or even more) non-
contiguous substrate sequences or two (or even more) non-contiguous sequence portions of
an antisense molecule can be complementary to a target sequence or both. For a review of
current antisense strategies, see Schmajuk NA et al., 1999; Delihas N et al., 1997; Aboul-Fadl
T, 2005.)

[00146] Each of the nucleic acid sequences encoding FYN protein noted above herein may
be used, for example, in the discovery and development of therapeutic antisense nucleic acid
molecule to decrease the expression of tyrosine kinase FYN.

[00147] The present disclosure further provides catalytic RNA molecules or ribozymes.
Such catalytic RNA molecules can be used to inhibit expression of a target nucleic acid
molecule (e.g., tyrosine kinase FYN) in vivo. The inclusion of ribozyme sequences within an
antisense RNA confers RNA-cleaving activity upon the molecule, thereby increasing the
activity of the constructs. The design and use of target RNA-specific ribozymes is described
in Haseloff et al., Nature 334:585-591 (1988), and U.S. Patent Application Publication No.
2003/0003469 A1, each of which is incorporated herein by reference. In any aspect or
embodiment described herein, the catalytic nucleic acid molecule is formed in a hammerhead
or hairpin motif. Examples of such hammerhead motifs are described by Rossi et al., Aids
Research and Human Retroviruses, 8:183, 1992. Example of hairpin motifs are described by
Hampel et al., "RNA Catalyst for Cleaving Specific RNA Sequences," filed Sep. 20, 1989,
which is a continuation-in-part of U.S. Ser. No. 07/247,100 filed Sep. 20, 1988, Hampel and
Tritz, Biochemistry, 28:4929, 1989, and Hampel et al., Nucleic Acids Research, 18: 299,
1990. These specific motifs are not limiting on the present disclosure and those skilled in the
art will recognize that all that is important in an enzymatic nucleic acid molecule of the

disclosure is that it has a specific substrate binding site which is complementary to one or
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more of the target gene RNA regions, and that it have nucleotide sequences within or
surrounding that substrate binding site which impart an RNA cleaving activity to the
molecule.

[00148] In any aspect or embodiment described herein, the inhibitory nucleic acid
molecules of the present disclosure are administered systemically in dosages between about 1
and about 100 mg/kg (e.g., at least about 1 mg/kg, at least about 5 mg/kg, at least about 10
mg/kg, at least about 20 mg/kg, at least about 25 mg/kg, at least about 50 mg/kg, at least
about 75 mg/kg, about 1 to about 100 mg/kg, about 1 to about 75 mg/kg, about 1 to about 50
mg/kg, about 1 to about 25 mg/kg, about 25 to about 100 mg/kg, about 25 to about 75 mg/kg,
about 25 to about 50 mg/kg, about 50 to about 100 mg/kg, about 50 to about 75 mg/kg, or
about 75 to about 100 mg/kg).

Co-Administered Therapies

[00149] In another embodiment, the methods and composition disclosed herein for
inhibiting FYN activity and/or expression may be used in combination with another therapy,
e.g., an opioid replacement therapy (ORT).

[00150] For example, methadone is one type of ORT provided to patients; however, the
success depends on the patient and the overall failure rate is significant. Methadone is a
synthetic opioid prescribed for moderate to severe pain. It is also commonly used to treat
opiate addictions, especially addiction to heroin. Methadone acts on the same opioid
receptors as morphine and heroin to stabilize patients and minimize withdrawal symptoms in
the case of an addiction. Methadone is a federally designated Schedule II drug, meaning it
has a legitimate legal use but also a high likelihood of its users developing a dependence.
Because methadone is used as a way to curb addiction and reduce cravings, it isn’t as heavily
regulated as other drugs. However, it is still a powerful opiate with potentially addictive
qualities. People who start using methadone to overcome their heroin addiction are at a
higher risk of abuse because they already have a history of opioid dependency.

[00151] Buprenorphine/naloxone (SUBOXONE®) is another example of ORT that may
be administered or co-administered with the FYN inhibitors described herein. The success
rate is somewhat higher than methadone but there is a high rate of relapse once the patient
discontinues the treatment. Naltrexone can be additional administered to help prevent or
control relapses. All of the ORT methods benefit significantly with a concomitant counseling

regimen, peer or group support meetings and/or counseling by a mental health professional.
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[00152] In addition, the FYN inhibitors described herein can be administered or co-
administered with a standard of care treatment that may include group or peer-to-peer support
groups as well as professional substance-abuse counseling.

[00153] In other aspects, the inhibitor agents (e.g., small molecule inhibitors, polypeptide
inhibitors, or nucleic acid inhibitors) of the disclosure can be combined (either directly in the
same composition, or in a separate composition, and where administration is at the same time,
or before or after) with a histone acetylation inhibitor.

[00154] In still other aspects, the inhibitor agents (e.g., small molecule inhibitors,
polypeptide inhibitors, or nucleic acid inhibitors) of the disclosure can be combined (either
directly in the same composition, or in a separate composition, and where administration is at
the same time, or before or after) with a bromodomain inhibitor.

[00155] In any aspect or embodiment described herein, the histone acetyltransferase
inhibitor can include at least one of anacardic acid or a derivative thereof, C 646 or a
derivative thereof, EML 425 or a derivative thereof, PU139 or a derivative thereof, PU141 or
a derivative thereof, MB-3 or a derivative thereof, CPTH2 or a derivative thereof, ISOX
DUAL or a derivative thereof, LO0O2 or a derivative thereof, Lys-CoA or a derivative thereof,
NU 9056 or a derivative thereof, curcumin or a derivative thereof, garcinol or a derivative
thereof, or a combination thereof. In addition, the histone acetyltransferase inhibitory agent
can be a nucleic acid target comprising at least one of GCNS5, p300, PCAF, CBP, TAFII250,
or a combination thereof; or a combination thereof.

[00156] In any aspect or embodiment described herein, the bromodomain inhibitor used in
combination is at least one of: at least one small molecule bromodomain inhibitor; at Ieast
one polypeptide bromodomain inhibitor; at least one bromodomain inhibitory nucleic acid; or
a combination thereof. In any aspect or embodiment described herein, the bromodomain
inhibitor can include at least one of JQ1 or a derivative thereof, ISOX DUAL or a derivative
thereof, I-CBP 112 or a derivative thereof, SCG-CBP30 or a derivative thereof, I-BET151
(GSK1210151A) or a derivative thereof, I-BET762 (GSK525762) or a derivative thereof,
OXF BD 02 or a derivative thereof, MS 436 or a derivative thereof, XMD 8-92 or a
derivative thereof, PFI 1 or a derivative thereof, PF1 4 or a derivative thereof, PF CBP1 or a
derivative thereof, XD 14 or a derivative thereof, bromosporine or a derivative thereof, RVX-
208 or a derivative thereof, BMS-986158 or a derivative thereof, OTX-015 or a derivative
thereof, ischemin sodium salt or a derivative thereof, TEN-010 or a derivative thereof,
CPI203 or a derivative thereof, CPI-0610 or a derivative thereof, PLX-51107 or a derivative

thereof, INCB054329 or a derivative thereof, GSK2820151 or a derivative thereof, BAY
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1238097 or a derivative thereof, or a combination thereof. The bromodomain inhibitory
nucleic acids can include targets of at least one of p300, BRD2, BRD3, BRD4, PCAF,
TAFII250, CBP, GCNS5, or a combination thereof.

Therapeutic/Pharmaceutical Compositions

[00157] In any aspect or embodiment described herein, the agent may be administered in a
pharmaceutical composition comprising an effective amount of at least one agent as
described herein, each in an effective amounts, in combination with a pharmaceutically
effective amount of a carrier, additive or excipient.

[00158] The agents as described herein may, in accordance with the disclosure, be
administered in single or divided doses by the oral, parenteral or topical routes.
Administration of the agent or agents may range from continuous (intravenous drip) to
several oral administrations per day (for example, Q.I.D.) and may include oral, topical,
parenteral, intramuscular, intravenous, sub-cutaneous, transdermal (which may include a
penetration enhancement agent), buccal, sublingual and suppository administration, among
other routes of administration. Enteric coated oral tablets may also be used to enhance
bioavailability of the agents from an oral route of administration. The most effective dosage
form will depend upon the pharmacokinetics of the particular agent chosen as well as the
severity of disease in the patient. Administration of agent or agents according to the present
disclosure as sprays, mists, or aerosols for intra-nasal, intra-tracheal or pulmonary
administration may also be used. The present disclosure therefore also is directed to
pharmaceutical compositions comprising an effective amount of an agent or agents as
described herein, optionally in combination with a pharmaceutically acceptable carrier,
additive or excipient. Agents according to the present disclosure may be administered in
immediate release, intermediate release or sustained or controlled release forms. Sustained
or controlled release forms are preferably administered orally, but also in suppository and
transdermal or other topical forms. Intramuscular injections in liposomal form may also be
used to control or sustain the release of agent(s) at an injection site.

[00159] The compositions as described herein may be formulated in a conventional
manner using one or more pharmaceutically acceptable carriers and may also be administered
in controlled-release formulations. Pharmaceutically acceptable carriers that may be used in
these pharmaceutical compositions include, but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer substances
such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of

saturated vegetable fatty acids, water, salts or electrolytes, such as prolamine sulfate,
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disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances,
polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes, polyethylene-
polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[00160] The compositions as described herein may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term "parenteral” as used herein includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques. Preferably, the compositions are administered
orally, intraperitoneally or intravenously.

[00161] Sterile injectable forms of the compositions as described herein may be aqueous
or oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as Ph. Helv or similar alcohol.

[00162] The pharmaceutical compositions as described herein may be orally administered
in any orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers which are commonly
used include lactose and corn starch. Lubricating agents, such as magnesium stearate, are
also typically added. For oral administration in a capsule form, useful diluents include lactose
and dried corn starch. When aqueous suspensions are required for oral use, the active
ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added.

[00163] Alternatively, the pharmaceutical compositions as described herein may be
administered in the form of suppositories for rectal administration. These can be prepared by

mixing the agent with a suitable non-irritating excipient, which is solid at room temperature
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but liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene glycols.

[00164] The pharmaceutical compositions as described herein may also be administered
topically. Suitable topical formulations are readily prepared for each of these areas or organs.
Topical application for the lower intestinal tract can be effected in a rectal suppository
formulation (see above) or in a suitable enema formulation. Topically-acceptable transdermal
patches may also be used.

[00165] For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the agents of this disclosure include, but are
not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. In certain
preferred aspects of the disclosure, the agents may be coated onto a stent which is to be
surgically implanted into a patient in order to inhibit or reduce the likelihood of occlusion
occurring in the stent in the patient.

[00166] Alternatively, the pharmaceutical compositions can be formulated in a suitable
lotion or cream containing the active components suspended or dissolved in one or more
pharmaceutically acceptable carriers. Suitable carriers include, but are not limited to, mineral
oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol and water.

[00167] For ophthalmic use, the pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum.

[00168] The pharmaceutical compositions as described herein may also be administered
by nasal aerosol or inhalation. Such compositions are prepared according to techniques well-
known in the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.
[00169] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific

agent employed, the age, body weight, general health, sex, diet, time of administration, rate
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of excretion, drug combination, and the judgment of the treating physician and the severity of
the particular disease or condition being treated.

[00170] These agents of the present disclosure can be administered by any appropriate
route, for example, orally, parenterally, intravenously, intradermally, subcutaneously, or
topically, including transdermally, in liquid, cream, gel, or solid form, or by aerosol form.
[00171] The concentration of each agent in the drug composition will depend on
absorption, distribution, inactivation, and excretion rates of each agent as well as other
factors known to those of skill in the art. It is to be noted that dosage values will also vary
with the severity of the condition to be alleviated. It is to be further understood that for any
particular subject, specific dosage regimens should be adjusted over time according to the
individual need and the professional judgment of the person administering or supervising the
administration of the compositions, and that the concentration ranges set forth herein are
exemplary only and are not intended to limit the scope or practice of the claimed methods
and compositions. The agent or agents may be administered at once, or may be divided into a
number of smaller doses to be administered at varying intervals of time.

[00172]  Oral compositions will generally include an inert diluent or an edible carrier.
They may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the agent or its derivative can be incorporated with excipients and
used in the form of tablets, troches, or capsules. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the composition.

[00173] The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or lactose, a dispersing agent such as
alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or
a flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the
dosage unit form is a capsule, it can contain, in addition to material of the above type, a
liquid carrier such as a fatty oil. In addition, dosage unit forms can contain various other
materials which modify the physical form of the dosage unit, for example, coatings of sugar,
shellac, or enteric agents.

[00174] The agent(s) or pharmaceutically acceptable salt(s) thereof can be administered as
a component of an elixir, suspension, syrup, wafer, chewing gum or the like. A syrup may
contain, in addition to the agent or agents, sucrose as a sweetening agent and certain

preservatives, dyes and colorings and flavors.
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[00175] The agent(s) or pharmaceutically acceptable salts thereof can also be mixed with
other active materials that do not impair the desired action, or with materials that supplement
the desired action. In certain preferred aspects of the disclosure, one or more (e.g., 1, 2, 3, 4,
5, 6,7, or more) agents according to the present disclosure are coadministered.

[00176] Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application can include the following components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium chloride or dextrose. The parental preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

[00177] If administered intravenously, preferred carriers are physiological saline or
phosphate buffered saline (PBS).

[00178] Transdermal patches have the added advantage of providing controlled delivery of
an agent(s) to the body. Such dosage forms can be made by dissolving or dispersing the
agent in the proper medium. Absorption enhancers can also be used to increase the flux of
the active ingredient across the skin. The rate of such flux can be controlled by either
providing a rate controlling membrane or dispersing the active ingredient(s) (i.e., agent(s)) in
a polymer matrix or gel.

[00179] In one embodiment, the agent(s) are prepared with carriers that will protect the
agent or agents against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art.

[00180] Liposomal suspensions may also be pharmaceutically acceptable carriers. These
may be prepared according to methods known to those skilled in the art, for example, as
described in U.S. Pat. No. 4,522,811 (which is incorporated herein by reference in its
entirety). For example, liposome formulations may be prepared by dissolving appropriate
lipid(s) (such as stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl choline,
arachadoyl phosphatidyl choline, and cholesterol) in an inorganic solvent that is then

evaporated, leaving behind a thin film of dried lipid on the surface of the container. An
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aqueous solution of the agent or agents described herein are then introduced into the
container. The container is then swirled by hand to free lipid material from the sides of the
container and to disperse lipid aggregates, thereby forming the liposomal suspension.

Pharmaceutical Kits

[00181] The disclosure also provides in other aspects pharmaceutical tool kits or “kits” for
the treatment, prevention, mitigation, and/or amelioration of at least one symptom or
behavior of opioid addiction in a subject. In certain embodiments, the pharmaceutical tool kit
can be prepared in a non-injectable form (e.g., dissolution of dried powder agent of the
disclosure in a liquid, drinkable vehicle) for self-administration by a subject in need.

[00182] In one embodiment, the kit includes a therapeutic or prophylactic composition as
described herein. For example, the kit may comprise an effective amount of at least one
agent or a composition having an effective amount of at least one agent, wherein the agent or
agents is at least one tyrosine kinase FYN inhibitor in unit dosage form. In certain
embodiment, the kits may include one or more dosage unit forms of one or more additional
therapeutic agents for treating an opioid/opiate addiction (e.g., an opioid replacement therapy,
a histone acetylation inhibitor, or a bromodomain inhibitor). In some embodiments, the kit
comprises a sterile container which contains a therapeutic or prophylactic composition or
agent(s); such containers can be boxes, ampoules, bottles, vials, tubes, bags, pouches, blister-
packs, or other suitable container forms known in the art. Such containers can be made of
plastic, glass, laminated paper, metal foil, or other materials suitable for holding medicaments.
[00183] If desired, an agent or composition of the disclosure is provided together with
instructions for administering it to a subject addicted to opioids or at risk of being addicted to
opioids. The instructions will generally include information about the use of the composition
or agent(s) for the treatment, prevention, mitigation, and/or amelioration of opioid addiction
in a subject. In other embodiments, the instructions include at least one of the following:
description of the composition and/or agent(s); dosage schedule and administration for
treatment, prevention, mitigation, and/or amelioration of opioid addiction; precautions;
warnings; indications; counter-indications; overdosage information; adverse reactions; animal
pharmacology; clinical studies; and/or references. The instructions may be printed directly
on the container (when present), or as a label applied to the container, or as a separate sheet,
pamphlet, card, or folder supplied in or with the container.

[00184] The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the therapeutic agents

(e.g., the small molecule, polypeptide, and nucleic acid inhibitors of FYN activity and/or
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expression disclosed herein), pharmaceutical kits and therapeutic methods of the disclosure,
and are not intended to limit the scope of the present disclosure.

EXAMPLES

Introduction.

[00185] As described above, heroin use continues to impose tremendous suffering and
financial costs on society in the United States and worldwide. As such, a better understanding
of neuronal maladaptations contributing to this disease is imperative to alleviate this burden.
Historically, the field has focused on animal models of addiction, and it is surprising how
little direct information there is about the addicted human brain. Therefore, the present
disclosure utilized a unique collection of post-mortem human brains to study molecular
alterations in long-term heroin users compared to matched controls. The study focuses on the
striatum due to its essential role in regulating reward, motivation and goal-directed behaviors,
impairments of which play a crucial role in SUDs.

[00186] Epigenetic mechanisms are dynamic processes regulating gene expression, which
have recently emerged as key contributors to molecular impairments caused by exposure to
environmental stimuli including abused substances. The inventors have shown that that
chronic heroin use leads to hyperacetylation of specific lysine residues of histone H3
(H3K27ac) at specific genomic locations. These alterations contributed to transcriptional
changes related to glutamatergic neurotransmission and played a significant role in mediating
addiction-like behaviors such as drug taking and drug seeking.

[00187] Nonetheless, epigenetic regulation is extremely complex and studying a single
post-translational histone modification gives limited insight into heroin-related alterations.
Rather, transcriptional activity is influenced by a combination of epigenetic marks, and direct
assessment of chromatin state might be the most informative measure of gene regulation.
[00188] To this end, the chromatin state was directly studied with the assay for transposase
accessible chromatin coupled with high-throughput sequencing (ATAC-seq). Specifically,
chromatin accessibility between heroin users and matched controls were compared genome-
wide. Such studies are of critical importance for the addiction field as they significantly
advance the biological understanding addiction in an unbiased manner and have the potential
to discover novel therapeutic targets.

[00189] As aresult, the tyrosine kinase FYN was identified as the most differentially
accessible region in heroin users. It is demonstrated below that in line with this observation,
FYN expression was significantly induced by heroin in both the human and rodent striatum,

as well as in primary neurons in vitro. FYN is an especially intriguing therapeutic target for
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opioid addition as it is localized in the post-synaptic density and is activated by glutamate
signaling (Nygaard et al., 2014).

[00190] It is demonstrated below that a FYN inhibitor, e.g. saracatinib or a functional
derivative thereof that is currently in phase I clinical trials for Alzheimer’s disease, is able to
significantly attenuate drug taking and drug seeking behavior in heroin self-administering rats.
Overall, the findings below demonstrate the ability to utilize a FYN inhibitor (e.g.,
saracatinib) as a therapeutic for opioid addiction.

Material and Methods.

Human Heroin Abuse Population.

[00191] Human brains from apparent heroin overdose and normal control Caucasian
subjects (determined by self-report and ancestral informative marker analysis) without head
trauma were collected at autopsy within 24 hours at the Department of Forensic and
Insurance Medicine, Semmelweis University, Hungary, as described previously (Drakenberg
et al., 2006). Cause of death was determined by the forensic pathologist performing the
autopsy. Inclusion criteria for the heroin group were documented history of heroin use and/or
positive toxicology at the time of death, physical evidence of intravenous (i.v.) drug use
(needle tracks); while multi-drug users (as determined by history and blood/urine toxicology
at autopsy), subjects receiving methadone/buprenorphine treatment, and subjects with
comorbid psychiatric diagnoses were excluded. For the control group, inclusion criteria were
negative toxicology, no history or physical evidence of opiate or other drug use, and no
documented psychiatric disorders. Table 1 provides a summary of the demographic
information of the post-mortem human brain populations used for each molecular experiment.
Univariate correlations for demographic variables (age, pH, etc.) were explored and
significant variables were included in the final model. Ventral and dorsal striatal (putamen)
tissue punches were obtained at the level of the nucleus accumbens (FIG. 1).

Table 1: Population Demographics.

Control Heroin

Number r=37 n=4§
Age 3157 +1.86 | 261922070
Hace Caucasian Caucasian
Gender m=30, f=7 m=44, =8
P < 24 hours < 24 hours
birain pH £.69 £+ 0.04 6.58 + 0.03
Ethanol toxicology n=3 =8
Blood ethanol 0.23+0.13 (.13 0.10
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Data represent mean + SEM
PMI: post-mortem interval
m: male

{: female

Rodent Heroin Self-Administration.

[00192] Adult male Long-Evans rats were maintained on reversed 12 hour dark/light cycle
and underwent jugular vein catheterization. The rats were subsequently food-restricted and
trained to self-administer heroin via the jugular catheter. The animals were placed in an
operant chamber (29.5cm x 32.5cm x 23.5cm) housed in sound-attenuating boxes (MED
Associates Inc., St. Albans, VT) with two levers; depression of one (designated the active
lever) resulted in the delivery of 30 pg/kg heroin under a fixed-ratio 1 (FR1) schedule of
reinforcement, whereas depression of the other (designated the inactive lever) had no
programmed consequences. Each self-administration session was 3 hours.

[00193] Following 7 FR1 sessions, animals underwent 4 additional FRS sessions and were
fed ad libitum for the remainder of the study. For the JQ1 experiments, only rats that
differentiated between active and inactive levers and showed an escalation of correct
responses under FRS schedule were selected for study. Two guide cannulae (C317G-SPC, cut
4 mm below pedestal), one into each hemisphere, were inserted into the rostral part of the
dorsal striatum (at a 10° angle from midline relative to bregma: AP+1.7mm, ML+3.5mm;
DV-2.0mm; FIGs. 2A and 2B).

[00194]  After establishing a post-surgery baseline (average of two days), 2 ul of 20 umol/1
JQ1 was injected in awake animals 5 minutes before heroin self-administration testing on two
consecutive days. To test for potential protracted effects of JQ1, animals underwent 3
additional heroin self-administration sessions 24 hours, 48 hours, and 96 hours after the last
JQ1 delivery. To test JQ1’s effect on drug-seeking behavior, the last heroin self-
administration was followed by a 96 hours abstinent period. Then animals were injected with
JQ1 and underwent a non-reinforced cue-induced drug-seeking reinstatement session. The
reinstatement session was 1 hour long. All testing was carried out using a counter-balanced
experimental design and conducted at a similar time of the day.

Quantitative Real-Time Polymerase Chain Reaction (qPCR).

[00195] Messenger RNA (mRNA) was extracted from approximately 10 mg of pulverized
putamen tissue using the RNAqueous Micro Kit (Ambion®, Foster City, CA, USA) and

following the manufacturer’s protocol. First-strand cDNA was synthesized using qScript
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cDNA SuperMix (Quanta Biosciences, Gaithersburg, MD, USA) and subjected to gPCR
analysis using Tagman-based probes. Primers and probes against GRIA1 (Hs00181348_m1),
GRMS5 (Hs00168275_m1), HOMERI (Hs00188676_m1), DLG1 (Hs00938204_m1), DLG4
(Hs00176354_m1), NCOA1 (Hs00186661_m1), HDACS (Hs00608366_m1), SUV39H1
(Hs00957892_m1) and IMID1C (Hs00405469_m1) were obtained from Applied Biosystems
(Life Technologies, Carlsbad, CA, USA). Eukaryotic 18S rRNA (Applied Biosystems,
product # 4319413E) was included in each multiplex PCR as an internal control. Real-time
PCR and subsequent analysis were performed with a Roche LightCycler 480 Real-Time PCR
system (LightCycler 480 software; Roche, Basel, Switzerland).

[00196] Quantification of target gene expression in all samples, performed in triplicate,
was normalized to 18S rRNA by the equation Crargety — C1 (185) = ACT, where Cr is the
threshold cycle number. Differences between control and heroin subjects, including
individual variation, were calculated by the equation ACT (individual subjecty — ACT (mean control) =
AACT. Changes in target gene expression (n-fold) in each sample were calculated by 2 44p
from which the means and standard errors of the mean (SEM) were derived.

Fluorescence Assisted Cell Sorting (FACS) of Neuronal and Non-Neuronal Nuclei.

[00197] Fifty (50) mg of frozen post-mortem brain tissue was homogenized in cold lysis
buffer (0.32M Sucrose, 5 mM CaCl2, 3 mM Mg(Ace)2, 0.1 mM, EDTA, 10mM Tris-HCI,
pH 8, 1 mM DTT, 0.1% Triton X-100) and filtered through a 40um cell strainer. The flow-
through was underlaid with sucrose solution (1.8 M Sucrose, 3 mM Mg(Ace)2, 1 mM DTT,
10 mM Tris-HCI, pH 8) and subjected to ultracentrifugation at 24,000 rpm for 1 hour at 4°C.
Pellets were thoroughly resuspended in 500ul DPBS and incubated in BSA (final
concentration 0.1%) and anti-NeuN antibody (1:1000, Alexa488 conjugated; Millipore,
Burlington MA, USA) under rotation for 1 hour, at 4 °C, in the dark. Prior to FACS sorting,
DAPI (Thermo Scientific, Waltham, MA, USA) was added to a final concentration of 1ug/ml.
DAPI positive neuronal (NeuN+) and non-neuronal (NeuN-) nuclei were sorted using a
FACSAria flow cytometer (BD Biosciences, Franklin, NJ, USA).

Generation of ATAC-seq Libraries.

[00198] ATAC-seq (assay for transposase accessible chromatin) reactions were performed
using an established protocol (Buenrostro ef al., 2015a) (Illumina Cat #FC-121-1030;
Ilumina, San Diego, CA, USA) and the resulting libraries amplified using the Nextera index
kit (Illumina Cat #FC-121-1011; lllumina, San Diego, CA, USA). Optimal library
amplification was determined by visualization with Bioanalyzer High Sensitivity DNA Chips

(Agilent Technologies Cat#5067-4626; Agilent Technologies, Santa Clara, CA, USA).
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Libraries were amplified for a total of 12-17 cycles and were quantified by Qubit HS DNA
kit (Life Technologies, Carlsbad, CA, USA) and by quantitative PCR (KAPA Biosystems
Cat#KK4873; Wilmington, MA, USA) prior to sequencing. Finally, ATACseq libraries were
sequenced on Hi-Seq2500 (Illumina, San Diego, CA, USA) obtaining 50 bp paired-end reads.
Statistical Analysis.

[00199] Statistical evaluation was carried out using JMP (SAS Institute, Cary, NC, USA).

Data were tested for normality and normalized by natural log transformation, if not normally
distributed. Univariate statistical analyses were used to study the effect of each independent
demographic variable (e.g. age, gender, postmortem interval, brain pH, RIN, years of heroin
use, former overdose) and toxicology data (e.g. blood and urine alcohol, morphine, 6-mono-
acetyl-morphine, codeine levels) on mRNA expression or protein levels. Variables with a p
value of less than 0.1 were included in the final multiple regression model. If there were no
such variables, group differences were determined by one-way analysis of variance.
Correlational analyses were carried out according to Pearson.

Results.

Genome-wide Analysis of Chromatin Accessibility of the Post-mortem Human Brain

Identified Heroin-related Changes in the Dorsal Striatum.

[00200] Heroin-related alterations in chromatin accessibility across the genome were
profiled by performing ATAC-seq in the post-mortem putamen of long-term human heroin
users and_matched controls. Considering the high cellular heterogeneity of the striatum,
ATAC-seq on FACS-sorted neuronal and glial cell populations based on the presence or
absence of nuclear marker NeuN (feminizing locus on X-3), a nuclear protein specific to
neurons in vertebrates (Mullen ef al., 1992) were carried out. Using MACS?2 peak calling,
106247 accessible regions were observed in neurons and 67750 accessible regions in glia. At
FDR 1% and using group (heroin or control), post-mortem interval (PMI) and gender as
covariates, 45509 neuron-specific peaks and 47377 glia-specific peaks were identified,
suggesting marked differences in chromatin accessibility and epigenetic regulation of gene
expression between the two cell populations.

[00201] Interestingly, heroin users had an overall decrease in chromatin accessibility in
both cell types. At p<0.01 significance level, 712 regions were downregulated and 17
regions were upregulated in neurons, while 1040 regions were downregulated and 72 regions
were upregulated in glia. After FDR correction, gene ontology analysis of downregulated
(more closed chromatin) neuronal regions (FIG. 3A) showed enrichment for plasma

membrane components (p=4.03x10-6), transmembrane receptor activity (p=5.6x10-3),
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transcription factor activity (p=5.6x10-3), RNApolll activity (p=1.59x10-3) as well as
regulation of nervous system development (p=2.14x10-6), neurogenesis (p=4.61x10-6) and
morphogenesis of branching (p=7.59x10-3). More open neuronal chromatin regions (FIG.
3B) were enriched for genes related to synaptic membrane (p=5.74x10-7), neuronal
projections (p=3.24x10-4), post-synaptic density (p=1.3x10-3), dendrite (p=2.89x10-2),
glutamate receptor activity (p=4.5x10-3), as well as regulation of nervous system
development (p=8.81x10-4), modulation of synaptic transmission (p=3.7x10-3) and
regulation of synaptic plasticity (p=6.48x10-3). Taken together, the genome wide ATAC-seq
data suggest strong neuronal chromatin impairments at genes related to synaptic activity in
the striatum, which might contribute to the transcriptional regulation of long term adaptations
underlying heroin use disorder.

[00202] To further demonstrate the effects of heroin use on chromatin accessibility, the
major factors explaining variability at consensus ATAC peaks in our post-mortem population
were identified. As shown in FIG. 4, most of the variance (38.9%) was explained by cell-
type. The second-most important factor was disease (heroin or control), explaining 7.5% of
the variance in neuronal peaks and 4.9% of the variance in glial peaks. Strikingly, the
contribution of disease thus exceeded additional factors such as individual variability (7.4%),
gender (3.2%) or post-mortem interval (2.7%). Taken together, these data indicate that long-
term heroin use has profound effects on striatal chromatin accessibility in a cell-type specific
manner. These changes appear to be due to heroin-induced impairments of epigenetic
regulation and contribute to drug-related gene expression alterations in this brain region that
plays a crucial role in reward and goal-directed behavior, thus underlying neuronal
maladaptations in substance use disorders.

Chronic Heroin Exposure Leads to Increased Accessibility and Expression of SRC Family

Tvrosine Kinase FYN.

[00203] Consensus neuronal ATAC peaks were ranked based on the contribution of
disease state to variance in peak amplitude (FIG. 4; third plot from left). The analysis
identified a peak in the promoter region of FYN, member of the SRC tyrosine kinase family,
as the locus most significantly affected by heroin in the genome. This is especially intriguing
considering that FYN is a member of the glutamatergic post-synaptic density that has been
shown to play a central role in the regulation of drug-seeking behavior and relapse
(LaLumiere and Kalivas, 2008; Knackstedt and Kalivas, 2009; Okvist et al., 2011; Bossert et
al., 2012; Egervari et al., 2016a). FYN has also been strongly implicated in Alzheimer’s

disease pathology (Yang er al., 2011; Nygaard et al., 2014; Kaufman et al., 2015) and
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inhibitors of this kinase are currently being tested in clinical trials of this neurodegenerative
disorder (Nygaard et al., 2015). As such, FYN might contribute to neuronal maladaptations
underlying substance use disorders and thus, represents a promising candidate for targeted
interventions.

[00204] In order to characterize FYN more directly, chromatin accessibility throughout the
FYN gene was investigated. Interestingly, the promoter region of FYN was more accessible
in heroin users compared to controls specifically in neurons (FIG. 5A), while no such
difference was observed in the glial cell population (FIG. 5B).

[00205] Increased chromatin accessibility in this region suggests enhanced transcriptional
activity of FYN, and a trend for increased FYN expression in the RNA-seq data was observed
based on homogenate tissue samples. The RNA-seq findings was verified using quantitative
RT-PCR, which detected a trend for elevation of FYN mRNA levels in the putamen of
human heroin users compared to matched controls (fold change=1.2, p=0.0697, FIG. 6A).
[00206] In addition, FYN mRNA levels tended to positively correlate with years of
previous drug use (r=0.37, p=0.1036, FIG. 6C) and showed a significant negative correlation
with urine morphine levels at the time of autopsy (r=0.40, p=0.0472, FIG. 6D), demonstrating
antagonistic effects of chronic heroin use and acute morphine toxicity on FYN expression.
These findings emphasize the dynamic nature of epigenetic and transcriptional dysregulation
in relation to the acute and long-term effects of heroin use.

[00207] Since FYN is an important component of the glutamatergic post-synaptic density
(PSD), heroin-related alterations of this transcript are in line with impairments of
glutamatergic neurotransmission in the striatum, which has long been implicated in the
regulation of drug-seeking behavior and relapse (LaLumiere and Kalivas, 2008; Knackstedt
and Kalivas, 2009; Bossert et al., 2012; Egervari et al., 2016a). Interestingly, FYN mRNA
levels showed positive correlations with several PSD members (GRIA1, GRMS, HOMER1
and DLG4) in heroin users but not in controls (FIGs. 7A, 7B, 7C, and 7C) further
emphasizing the important role of FYN in heroin use-related PSD pathology.

[00208] In order to assess the causal relationship between heroin use and FYN pathology,
drug-related changes in Fyn expression in animal models of heroin use disorder was
determined. Adult male Long-Evans rats were trained to self-administer heroin and were
sacrificed 24 hours following the last self-administration session. Consistent with the human
findings, Fyn mRNA was significantly increased in the dorsal striatum (CPu) of heroin self-
administering rats (fold change=1.15, p=0.0269, FIG. 8A) and showed a dose-dependent

increase in rat primary striatal neurons in vitro (p=0.0115, FIG. 8B). Intriguingly, Fyn
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expression was significantly decreased by intra-CPu delivery of the small molecule
bromodomain inhibitor JQ1 (FIG. 8C), which inhibits the functional read-out of acetylated
histones, suggesting that elevated Fyn levels are driven by heroin-induced histone
hyperacetylation. In fact, Fyn mRNA showed a significant positive correlation with histone
H3 acetylation in human heroin users (r=0.63, p=0.0008, Fig. 6B).

Pharmacological inhibition of Fyn reverses addiction behavior in heroin self-administering

rats.

[00209] Based on convergent evidence for heroin-related epigenetic and transcriptional
alterations in relation to FYN obtained from our human studies and translational animal
models, it was hypothesized that this tyrosine kinase could be a promising candidate for
targeted therapeutic interventions in heroin users. Further support for this hypothesis comes
from the fact that FYN inhibitors are already used and well tolerated in clinical studies of
Alzheimer’s disease. As such, whether pharmacological inhibition of FYN affects addiction
behavior in animal models was examined next.

[00210] In order to test FYN’s role in heroin taking and seeking behaviors, adult male
Long-Evans rats were trained to self-administer heroin. Upon reaching the maintenance phase,
rats were injected either with vehicle (2% DMSO, 30% PEG-300 in ddH20O, i.p.) or FYN
inhibitor saracatinib (AZD0530, 5 mg/kg in vehicle, i.p.) 30 minutes prior to self-
administration sessions.

[00211]  Strikingly, saracatinib treatment resulted in a strong, immediate attenuation of
heroin self-administration behavior on all 3 test days (group effect in two-way ANOVA, Fl1,
29=6.852, p=0.0139, FIG. 9A). Importantly, no differences were observed in inactive lever
pressing and general locomotor activity and there were no group differences in active lever
pressing prior to testing (p=0.834) or 72 hours after the last saracatinib injection (p=0.970),
emphasizing the specificity of saracatinib on heroin-taking behavior.

[00212] Following the last heroin self-administration session, animals underwent 7 days of
abstinence and were then re-exposed to the drug taking environment in a 1 hour long, cue-
induced, non-reinforced drug seeking session. Thirty (30) minutes prior to testing, animals
received i.p. injections of 5 mg/kg saracatinib or vehicle. Similarly to the active drug self-
administration session, saracatinib strongly decreased heroin seeking behavior (group effect
in two-way ANOVA, F1,132=7.376, p=0.0075, FIG. 9B). Once again, no difference in
inactive lever pressing or general locomotor activity was observed. Taken together, the data

indicate that pharmacological inhibition of the FYN tyrosine kinase strongly decreases heroin
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taking and seeking behaviors and thus represents a new, targeted therapy of heroin use
disorder.

Discussion.

[00213] Using a genome-wide, direct assessment of chromatin state, the tyrosine kinase
FYN was identified as the most differentially accessible locus in striatal neurons of human
heroin users. The initial ATAC-seq screening was followed up by transcriptional profiling of
this specific gene that showed increased mRNA levels in human heroin users, as well as
heroin self-administering rats and primary neurons undergoing chronic morphine treatment in
vitro. In addition, it was demonstrated that the FYN kinase inhibitor saracatinib potently
decreased heroin-taking behavior in self-administering rats and inhibited drug-seeking
behavior following abstinence. Thus, the findings herein suggest that FYN inhibitors are
promising therapeutic tools for heroin use disorder.

[00214] FYN belongs to the SRC family of protein tyrosine kinases (Ingley, 2008), is
highly expressed in the human brain (Yagi ef al., 1993) and plays an important role in the
central nervous system (Ohnishi et al., 2011). Intriguingly, FYN was shown to be localized in
the post-synaptic density of glutamatergic synapses and to associate with the NR2B subunit
of the NMDA receptor (Trepanier ef al., 2012). This interaction is mediated by the
scaffolding protein RACKI1 (receptor of activated protein C kinase 1) (Yaka ez al., 2002;
Thornton et al., 2004) and leads to phosphorylation of NR2B (Tezuka ef al., 1999; Yaka et
al., 2003; Sato et al., 2008). FYN-induced phosphorylation of NR2B in turn enhances
NMDA receptor function (Yaka et al., 2002; Yaka et al., 2003; Trepanier et al., 2012) by
increased surface expression in post-synaptic membranes (Nakazawa et al., 2001; Dunah et
al., 2004; Prybylowski er al., 2005). FYN has been strongly implicated in Alzheimer’s
disease (AD). It has been shown that binding of A-beta-oligomers to cellular prion protein
triggers mGluR5-dependent signaling, leading to the activation of FYN (Nygaard et al.,
2014). Importantly, Tau, the hyperphosphorylation of which plays a central role in AD
neuropathology, is a direct substrate of FYN and can be phosphorylated by this kinase on its
tyrosine-18 residue (Lee et al., 2004). These events lead to synaptic malfunction and loss
(Nygaard et al., 2014), which strongly contribute to AD-related neurodegeneration and
dementia.

[00215] Intriguingly, the inventors have previously demonstrated that heroin induces
hyperphosphorylation of Tau in specific areas of the human brain (Kovacs et al., 2015).
Using immunohistochemistry, phosphorylated Tau (p-Tau) was observed in more anatomical

regions and to a larger extent in the central nervous system of heroin users compared to
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matched controls. While p-Tau levels correlated with age in both groups in certain
predilection areas (e.g. entorhinal cortex, frontal cortex), this relationship was strongly
exacerbated by heroin, suggesting accelerated AD-related changes in drug users. The
fusiform cortex also exhibited marked p-Tau pathology, which is intriguing considering this
area has recently been identified as part of a brain network related to impulsivity in heroin
users (Xie et al., 2011). Considering FYN’s role in regulating p-Tau pathology in AD
(Nygaard et al., 2014), it is feasible that heroin-induced changes of FYN expression and
activity underlie the observed Tau hyperphosphorylation, which might contribute to several
addiction-related behaviors ranging from impulsivity to impaired inhibitory control.

[00216] Currently, it is unknown whether FYN activity contributes to heroin-related Tau
phosphorylation. In future experiments, we plan to assess the effects of heroin exposure on p-
Tau levels in the presence or absence of saracatinib in our in vitro and in vivo models. Of
note, while our current studies focused on the striatum, Tau phosphorylation was mostly
localized to the cortex in human drug users. As such, brain region specificity of FYN and Tau
impairments as well as the involvement of additional FYN targets will be important to
address.

[00217] FYN is composed of a regulatory and a catalytic domain and enhancement of its
activity is mediated by phosphorylation of tyrosine residue 420 (Engen et al., 2008).
Conversely, dephosphorylation of tyrosine-420 inhibits FYN activity (Engen e al., 2008). In
the striatum, this dephosphorylation is maintained by striatal-enriched protein tyrosine
phosphatase 61 (STEP-61), a brain specific tyrosine phosphatase highly expressed in this
region (Lombroso ef al., 1991; Nguyen et al., 2002). Prior to drug exposure, STEP-61 is
localized to the post-synaptic density and dephosphorylates FYN as well as NR2B, reducing
the spontaneous activity of NMDA receptors (Pelkey et al., 2002). Intriguingly, Darcq and
colleagues showed that ethanol exposure leads to protein kinase A-mediated phosphorylation
of STEP-61 in rodent striatum (Darcq ef al., 2014). This resulted in increased FYN and
NR2B phosphorylation and activity and was maintained even after prolonged withdrawal.
Moreover, specific knock-down of STEP-61 in the striatum enhanced ethanol-induced FYN
activation and increased ethanol intake (Darcq ef al., 2014). It is currently unknown how
heroin leads to enhanced FYN expression and activity.

[00218] The present data suggest that histone hyperacetylation plays a role, as Fyn mRNA
levels were correlated to pan-acetylated histone H3 in post-mortem human subjects and were

decreased by JQ1 bromodomain inhibitor in our rat model.
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[00219] In future studies, histone acetylation directly at the FYN promoter will be assessed.
In addition, complex formation with STEP-61, RACK1 and NR2B and potential heroin-
induced disruption thereof will be assessed using immunoprecipitation experiments.

[00220] Of note, in the above-mentioned ethanol studies, FYN-dependent glutamatergic
facilitation was restricted to the dorsomedial part of the striatum (Wang et al., 2010a; Wang
et al., 2011), suggesting that important regional differences might exist within this brain
structure with respect to FYN pathology. This distribution relates to the idea of a gradual
transition from limbic to motor functions along the ventromedial to dorsolateral axis of the
ventral and dorsal striatum, in line with the lack of clear anatomical and functional
demarcation between striatal sub-regions (Haber ef al., 2000). Nonetheless, prominent
alterations of chromatin accessibility and gene expression of FYN were observed in our post-
mortem human studies that focused on a more dorsal part of the putamen (FIG. 1).

[00221] Potential differences in the exact nature and localization of impairments that
might be due to differences in species, experimental paradigm or drug need to be further
explored. Nonetheless, the transcriptional changes observed in the homogenate samples were
in line with enhanced neuronal chromatin accessibility as found increased Fyn mRNA levels
in human, rat and in vitro models. The significant functional contribution of FYN to heroin
abuse was causally demonstrated in the translational rodent model. Systemic administration
of the FYN inhibitor saracatinib was found to potently decreased heroin self-administration
as well as drug-seeking behavior following one week of forced abstinence.

[00222]  Specific FYN inhibitors are available and currently being tested in the clinic for
Alzheimer’s disease. While their efficacy remains to be determined, most drugs targeting
FYN appear to be well tolerated and are therefore excellent candidates for clinical studies
focusing on SUDs.

INCORPORATION BY REFERENCE

[00223] The contents of all references, patents, pending patent applications and published

patents, cited throughout this application are hereby expressly incorporated by reference.
EQUIVALENTS

[00224] Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the disclosure
described herein. Such equivalents are intended to be encompassed by the following claims.
It is understood that the detailed examples and embodiments described herein are given by
way of example for illustrative purposes only, and are in no way considered to be limiting to

the disclosure. Various modifications or changes in light thereof will be suggested to persons
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skilled in the art and are included within the spirit and purview of this application and are
considered within the scope of the appended claims. For example, the relative quantities of
the ingredients may be varied to optimize the desired effects, additional ingredients may be
added, and/or similar ingredients may be substituted for one or more of the ingredients
described. Additional advantageous features and functionalities associated with the systems,
methods, and processes of the present disclosure will be apparent from the appended claims.
Moreover, those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the disclosure

described herein. Such equivalents are intended to be encompassed by the following claims.
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What is claimed is:

CLAIMS

1. A method of treating an opioid and/or opiate addiction in a subject comprising
administering a therapeutically effective amount of saracatinib or a derivative of saracatinib,

or a pharmaceutically acceptable salt thereof.

2. The method of claim 1, wherein the subject has a tolerance, dependence, or an

addiction to at least one opioid or opiate drug.

3. The method of claim 1, wherein the opioid and/or opiate is heroin.

4. The method of claim 1, wherein the opioid and/or opiate is oxycodone, hydrocodone,

fentanyl, or naloxone.

5. The method of claim 1, further comprising co-administering a therapeutically

effective amount of anopioid replacement therapy.

6. The method of claim 4, wherein the opioid replacement therapy is methodone therapy.

7. The method of claim 4, wherein the opioid replacement therapy is

buprenorphine/naloxone and/or naltrexone therapy.

8. The method of claim 1, further comprising co-administering a therapeutically

effective amount of a histone acetylation inhibitor and/or a bromodomain inhibitor.

9. The method of claim 1, wherein the saracatinib is administered orally, sublingually,

intramuscularly, subcutaneously, intravenously, or by inhalation.
10. A method of treating an opioid and/or opiate addiction in a subject comprising

administering a pharmaceutical composition comprising a therapeutically effective amount of

saracatinib or a derivative of saracatinib, or a pharmaceutically acceptable salt thereof.
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11. The method of claim 10, wherein the subject has a tolerance, dependence, or an

addiction to at least one opioid or opiate drug.

12. The method of claim 10, wherein the opioid and/or opiate is heroin.

13. The method of claim 10, wherein the opioid and/or opiate is oxycodone, hydrocodone,

fentanyl, or naloxone.

14. The method of claim 10, further comprising co-administering a therapeutically

effective amount of an opioid replacement therapy.

15. The method of claim 14, wherein the opioid replacement therapy is methodone
therapy.
16. The method of claim 14, wherein the opioid replacement therapy is

buprenorphine/naloxone and/or naltrexone therapy.

17. The method of claim 10, further comprising co-administering a therapeutically

effective amount of a histone acetylation inhibitor and/or a bromodomain inhibitor.

18. The method of claim 10, wherein the pharmaceutical composition is administered

orally, sublingually, intramuscularly, subcutaneously, intravenously, or by inhalation.

19. A method of treating an opioid and/or opiate addiction in a subject comprising
administering a therapeutically effective amount of an inhibitor of FYN activity or expression,

or a pharmaceutically composition comprising same.

20. The method of claim 19, wherein the inhibitor of FYN activity or expression is a

small molecule inhibitor.

21. The method of claim 20, wherein the small molecule inhibitor is saracatinib or
derivative thereof, dasatinib or derivative thereof, bosutinib or derivative thereof, A 419259

trihydrochloride or derivative thereof, herbimycin A or derivative thereof, 1-naphthyl PP1 or
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derivative thereof, PP 1 or derivative thereof, PP 2 or derivative thereof, SU6656 or

derivative thereof, or combinations thereof.

22. The method of claim 20, wherein the small molecule inhibitor is a compound of
Formula IV
Ql R3 Q2
™~ 7 ~ N/

7 Ny

A

! N R?,
(R)m av.

wherein each of Q', Z, m, R', R% R3, and Q? have any of the meanings as defined or claimed

in PCT/GB2001/002424 (published as W0O/2001/094341).

23. The method of claim 19, wherein the inhibitor of FYN activity or expression is a

polypeptide inhibitor.
24. The method of claim 23, wherein the polypeptide inhibitor is an anti-FYN antibody.

25. The method of claim 19, wherein the inhibitor of FYN activity or expression is a

nucleic acid inhibitor.

26. The method of claim 25, wherein the polypeptide inhibitor is an siRNA that targets
FYN mRNA.

27. The method of claim 19, wherein the subject has a tolerance, dependence, or an

addiction to at least one opioid or opiate drug.
28. The method of claim 19, wherein the opioid and/or opiate is heroin.

29. The method of claim 19, wherein the opioid and/or opiate is oxycodone, hydrocodone,

fentanyl, or naloxone.
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30. The method of claim 19, further comprising co-administering a therapeutically

effective amount of an opioid replacement therapy.

31. The method of claim 30, wherein the opioid replacement therapy is methodone
therapy.
32. The method of claim 30, wherein the opioid replacement therapy is

buprenorphine/naloxone and/or naltrexone therapy.

33. The method of claim 19, further comprising co-administering a therapeutically

effective amount of a histone acetylation inhibitor and/or a bromodomain inhibitor.

34. The method of claim 19, wherein the FYN inhibitor is administered orally,

sublingually, intramuscularly, subcutaneously, intravenously, or by inhalation.

35. The method of claim 33, wherein the histone acetylation inhibitor is at least one of
anacardic acid or a derivative thereof, C 646 or a derivative thereof, EML 425 or a derivative
thereof, PU139 or a derivative thereof, PU141 or a derivative thereof, MB-3 or a derivative
thereof, CPTH2 or a derivative thereof, ISOX DUAL or a derivative thereof, LOO2 or a
derivative thereof, Lys-CoA or a derivative thereof, NU 9056 or a derivative thereof,

curcumin or a derivative thereof, garcinol or a derivative thereof, or a combination thereof.

36. The method of claim 33, wherein the bromodomain inhibitor is at least one of JQ1 or
a derivative thereof, ISOX DUAL or a derivative thereof, I-CBP 112 or a derivative thereof,
SCG-CBP30 or a derivative thereof, I-BET151 (GSK1210151A) or a derivative thereof, I-
BET762 (GSK525762) or a derivative thereof, OXF BD 02 or a derivative thereof, MS 436
or a derivative thereof, XMD 8-92 or a derivative thereof, PFI 1 or a derivative thereof, PF1 4
or a derivative thereof, PF CBP1 or a derivative thereof, XD 14 or a derivative thereof,
bromosporine or a derivative thereof, RVX-208 or a derivative thereof, BMS-986158 or a
derivative thereof, OTX-015 or a derivative thereof, ischemin sodium salt or a derivative
thereof, TEN-010 or a derivative thereof, CPI-0610 or a derivative thereof, PLX-51107 or a
derivative thereof, INCB054329 or a derivative thereof, GSK2820151 or a derivative thereof,

BAY 1238097 or a derivative thereof, or a combination thereof.
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