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(57) Abstract: The present invention relates to
methods to objectively assess treatment outcomes
in Reward Deficiency Syndrome (RDS) behaviors
by obtaining expression profiles (e.g., mRNA ex-
pression and/or protein expression profiles) for
one or more genes at two or more different time
points, for example, before and after treating a
subject known to have or suspected of having an
RDS affliction. Analysis, for example, of mRNA
and/or protein expression levels and/or patterns
can be conducted before admission to a treatment
facility, followed by testing at one or more various
designated times during and after a subject's treat-
ment. Such methods may also be combined with
other tests, and can be used in diagnosis and treat-
ment of RDS and RDS behaviors, including drug
and/or alcohol abuse and addiction, overeating,
gambling, sexual addiction, etc.
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Methods to Assess Treatment Outcomes in Reward Deficiency Syndrome
(RDS) Behaviors Utilizing Expression Profiling

Background of the Invention

1. Field of the Invention.

The present invention relates generally to objective methods for assessing the status of Reward Deficiency
Syndrome (RDS) behaviors in subjects known to have or suspected of being afflicted with RDS.

2. Overview.

There exists great controversy regarding appropriate testing of gene polymorphisms and their role in
disease and bodily function. As resources are limited, the debate revolves around whether enough progress has
been made towards identifying the single nucleotide polymorphisms (SNPs) that are likely to contribute most to
disease causation in order to justify investment in functional follow-up. Fortunately, nucleic acid sequencing and
proteomics technologies are becoming less expensive and more accessible, allowing investigation of the causative
role of strongest candidate SNPs available to date. What makes for strong candidates are significant disease
associations with transcript expression and/or protein levels in various tissues.

Reward Deficiency Syndrome (RDS) results from a dysfunction in the Brain Reward Cascade that directly
links abnormal craving behavior with a deficit in a number of reward genes, including dopaminergic, serotonergic,
endorphinergic, catechoaminegic, gabaergic, adrenergic, opioidergic, and cholinergic genes, as well as many
second messengers. As one example, dopamine is a very powerful neurotransmitter, which controls feelings of well-
being . This sense of well-being is produced through the interaction of dopamine and neurotransmitters such as
serotonin, the opioids (neuropeptides), and other powerful brain chemicals. For example, low serotonin has been
associated with depression. High levels of opioids (the brain's opium ) are associated with a sense of well-being.

3. Definitions.

Before describing the instant invention in detail, several terms used in the context of the present invention
will be defined. In addition to these terms, others are defined elsewhere in the specification, as necessary. Unless
otherwise expressly defined herein, terms of art used in this specification will have their art-recognized meanings.

Causal variant: In the context of GWAS it represents the SNP that is mechanistically linked to risk
enhancement. This is distinct from SNPs that do not have any functional impact but are statistically associated with

the disease phenotype because it is in linkage disequilibrium with the causal variant.
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ChIP-Seq: Chromatin immunoprecipitation (ChIP) is a method to study protein-DNA interactions. It identifies
genomic regions that are binding sites for a known protein. Analysis of these regions is typically performed by PCR,
when there is a hypothesized known binding site, or through the use of genomic microarrays (ChIP-chip).
Alternatively, analysis can be done using next-generation sequencing (Seq) technology to analyze DNA fragments.

CNV: Copy number variation is a type of structural variation in which a particular segment of the genome,
typically larger than 1kb, is found to have a variable copy number from a reference genome. Deep sequencing: a
sequencing strategy used to reveal variations present at extremely low levels in a sample. For example, to identify
rare somatic mutations found in a small number of cells in a tumor, or low abundance transcripts in transcriptome
analysis.

DNA Methylation: A modification of the DNA that involves predominantly the addition of a methyl group to
the § position of the pyrimidine ring of a cytosine found in a CpG dinucleotide sequence.

Epigenetic markers: an array of modifications to DNA and histones independent of changes in nucleotide
sequence but rather the addition of methyl a methyl group to cytosine and a series of post-translation modifications of
histone including methylation, acetylation, and phosphorylation.

Fine mapping: a strategy to identify other lower frequency variants in a disease-associated region (typically
spanning a haplotype block) not represented in the initial genotyping platform with the goal of uncovering candidate
causal variants. It can include data mining of publically available sequencing efforts, such as the 1000 Genomes
Project and targeted resequencing. Functional variant: a variant that confers a detectable functional impact on the
locus. It can

represent a change in coding region but also changes in regulatory regions that have an impact on function.

GWAS: genome-wide association study is a case-control study design in which most loci in the genome are
interrogated for association with a trait (disease) through the use of SNPs by comparing allele frequencies in cases
and controls. Haplotype block: linear segments of the genome comprising coinherited alleles in the same
chromosome.

Homologous recombination: an error-free recombination mechanism that exchanges genetic sequences
between homologous loci during meiosis, and utilizes homologous sequences such as the sister-chromatid to
promote DNA repair during mitosis.

Linkage disequilibrium: a nonrandom association between two markers (e.g. SNPs), which are typically
close to one another due to reduced recombination between them. Supporting MicroRNAs: endogenous short (~23
nt) RNAs involved in gene regulation by pairing to mRNAs of protein coding mRNAs.

Next gen sequencing: a technology to sequence DNA in a massively parallel fashion, therefore sequencing
is achieved at a much faster speed and lower cost than traditional methods.

Non-coding variant: a variant that is located outside of the coding region of a certain locus.

Tagging variant: a variant (SNP) that defines most of the haplotype diversity of a haplotype block.



WO 2012/074550 PCT/US2011/001940

Transcriptome: The complete set of transcripts in a cell. In some cases it can also include quantitative data
about the amount of individual transcripts.

RNA-Seq: a method to obtain genome-wide transcription map using deep sequencing technologies to
generate short sequence reads (30-400 bp). It reveals a transcriptional profile and levels of expression for each
gene.

A “patentable” composition, process, machine, or article of manufacture according to the invention means
that the subject matter satisfies all statutory requirements for patentability at the time the analysis is performed. For
example, with regard to novelty, non-obviousness, or the like, if later investigation reveals that one or more claims
encompass one or more embodiments that would negate novelty, non-obviousness, efc., the claim(s), being limited
by definition to “patentable” embodiments, specifically exclude the unpatentable embodiment(s). Also, the claims
appended hereto are to be interpreted both to provide the broadest reasonable scope, as well as to preserve their
validity. Furthermore, the claims are to be interpreted in a way that (1) preserves their validity and (2) provides the
broadest reasonable interpretation under the circumstances, if one or more of the statutory requirements for
patentability are amended or if the standards change for assessing whether a particular statutory requirement for
patentability is satisfied from the time this application is filed or issues as a patent to a time the validity of one or more
of the appended claims is questioned. |

A “plurality” means more than one.

The term “treatment” or “treating” of a disease or disorder includes preventing or protecting against the
disease or disorder (that is, causing the clinical symptoms not to develop); inhibiting the disease or disorder (i.e.,
arresting or suppressing the development of clinical symptoms; and/or relieving the disease or disorder (i.e., causing
the regression of clinical symptoms). As will be appreciated, it is not always possible to distinguish between
‘preventing” and “suppressing” a disease or disorder since the ultimate inductive event or events may be unknown or
latent. Accordingly, the term “prophylaxis” will be understood to constitute a type of “treatment” that encompasses

both “preventing” and “suppressing.” The term “treatment” thus includes “prophylaxis”.

Summary of the Invention

The field is still making the first forays into the functional characterization of SNPs. Without wishing to be
bound by theory, it is believed that causality can be inferred as being associated with a particular disease, condition,
or affliction if a SNP leads to expression differences in reliable in vitro and/or in vivo assays. Thus, in the context of
RDS behaviors, for example, a Substance Use Disorder (SUD,) differential expression of one or more RDS behavior-
associated genes (as analyzed, for example, by gene-based microarray analysis of isolated mRNA preparations
and/or by analysis of the levels of proteins encoded by such genes) in response to various drugs of abuse or other
addictive behaviors provides an avenue to objectively assess (on a qualitative, semi-quantitative, or quantitative

basis) treatment outcomes, particularly for, for example, hypodopaminergic genes.
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Thus, one aspect of the invention concerns methods of objectively assessing, qualitatively, semi-
quantitatively, or quantitatively, a Reward Deficiency Syndrome (RDS) behavior in a subject known to have or
suspected of having RDS. Such methods comprise obtaining a first expression profile (preferably of mRNA or
protein) on a biological sample obtained from the subject at a first time point and a second expression profile on a
biological sample obtained from the subject at a second time point, wherein the first and second expression profiles
comprise measuring a leve! of an expression product, optionally a messenger RNA (mRNA) or a protein, for at least
one gene selected from the group consisting of TrkB, Pomc, D4, prodynorphin (PDYN), Mu receptors, Kappa
receptors, Dyn, Gpr88, Sgk, Cap1, PSD95, CamKIl, DRD1A, Grm5, Adora2a , Homer1, Cnr1, Gpr6, hsp90beta,
ProorphaninFQ/N, Orexin, cAMP-PKA, CART, micro-RNA miR-181a, NRXN3 beta, En1, D3 receptor,
Preproenkephalin, mGIuR8, GIuR1, MOR, CREB phosphorylation, ¢ fos, delta receptor, FTO, glucocorticoid receptor,
G-alpha q - endogenous negative regulator of VMAT2, 5HT-2C, TH, alpha synuclein, intracellular JAK-STAT, Gsta4
(glutathione-S-transferase alpha 4), BDNF |, DeltaFosB, Dopamine D(2) receptor, tyrosine hydroxylase, alpha 6
subunit in catecholaminergic nuclei, c-jun, jun B, zif268, CCK, Neurotensin, dopamine reuptake transporter, COMT,
MAO-A, Slc12a6, Digap2, Etnk1, Palm, Sqstm1, Nsg1, Akap9, Apba1, Stau1, Elavl4, Kif5a, Syt1, Hipk2, Araf, Cmip,
NMDA, and NR1.

In preferred embodiments, the first expression profile is conducted prior to delivering a therapy to the
subject intended to treat or alter the course of the Reward Deficiency Syndrome (RDS) behavior. In other
embodiments, the second expression profile is conducted after delivering a therapy to the subject intended to treat or
alter the course of the Reward Deficiency Syndrome (RDS) behavior. The biological samples are preferably derived
from tissue samples obtained from the subject, wherein optionally the tissue samples are cell-containing samples
optionally selected from the group consisting of blood, hair, mucous, saliva, and skin

In still other embodiments, the methods further include performing an allelic analysis on a biological sample
from the subject to determine if the subject’s genome contains at least one RDS-associated allele for each of two
genes selected from the group consisting of DRD1, DRD2, DRD3, DRD4, DRD5, DAT1, PPARG, CHREBP, FTO,
TNF-alpha, MANEA, Leptin OB, PEMT, MOAA, MOAB, CRH, CRHEP, CRHR1, CRHR2, GAL, NPY, NPY1R,
NPY2R, NPYY5R, ADIPOQ, STS, VDR, DBI, SHTTIRP, GABRA2, GABRA3, GABBRA4, GABRAS, GABRB1,
GABRB2, GABRB3, GABRD, GABRE, GARG2, GABRG2, GABRG3, GARBQ, SLC6A7, SLC6A11, SLC6A13,
SLC32A1, GAD1, GAD2, DB1, MTHFR, VEGF, NOS3, HTR3B, SLC6A3, SLC6A4, COMT, DDC, OPRD1, OPRM1,
OPRK1, ANKK1, HTR2A, HTR2C, HTRIA, HTR1B, HTR2A, HTR2B, HTR2C, HTR3A, HTR3B, ALDH1, ALDH2,
CAT, CYP2E1, ADH1A, ALDH1B, ALDH1C, ADH4, ADH5, ADH6, ADH7, TPH1, TPH2, CNR1, CYP2E1, OPRKI,
PDYN, PNOC, PRD1, OPRL1, PENK, POMC, GLA1, GLRA1, GLRB, GPHN, FAAH, CHRM1, CHRM2, CHRM3,
CHRM4, CHRMS, CHRNA4, CHRNB2, ADRA1A, ADRA2B, ADRB2, SLC6A2, DRA2A, DRA2C, ARRB2, DBH,
SCL18A2, TH, GR1K1, GRIN1, GRIN2A, GRIN2B, GRIN2C, GRM1, SLC6A4, ADCY7, AVPR1A, AVPRIB, CDK5RI,
CREB1, CSNKIE, FEV, FOS, FOSL1, FOSL2, GSKK3B, JUN, MAPK1, MAPK3, MAPK14, MPD2, MGFB, NTRK2,
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NTSRI, NTSR2, PPP1R1B, PRKCE, BDNF, CART, CCK, CCKAR, CCKBR, CLOCK, HCRT, LEP, OXT, NR3C1,
SLC29A1, and TAC1, wherein the allelic analysis is performed before, concurrently, or after the first expression
profile; and, optionally determining a genetic addiction risk based on the results of the allelic analysis, wherein the
genetic addiction risk takes into the account the presence of one or more of RDS-associated alleles among the
genes analyzed, wherein the presence of at least one RDS-associated allele indicates a genetic addiction risk.

In still other preferred embodiments, the invention concerns methods wherein the RDS behavior is the
subject’s self-administration of a substance or activity of choice. For example, such substances or activities, and
profiles to be assessed, include:

a. high fat food (HFF), wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of TrkB, Cart, Pome, D2 receptor, D4
receptor, BDNF, Agrp, NPY, and Orexin receptor 2;

b. nor-binaltorphimine (opioid receptor antagonist), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of PDYN and PENK;

c. housing and cognitive enrichment, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of amygdala KOR and DOR
opioid receptors and NPY5R,;

d. morphine, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of Mu receptors, Kappa receptors, PENK, PDYN, DYN,
Gpr88, Sgk, Cap1, PSD95, CamKIl, DRD1A, Grm5, Adora2a, Homer1, Cnr1, Gpr6, hsp90beta,
ProorphaninFQ/N, POMC, CryB, CCK, Ag4, Gpr123, Gpr5 and Gal;

e. morphine withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Mu receptors, POMC, orexin, PENK and
Alpha-synuclein;

f. ethanol, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of Mu receptors, PENK, POMC, PDYN, cAMP-PKA, CART,
PNOC, OPRL-1, Drd2, all 8 GABA receptor subunits, 4 of 5 subunits of different glutamate receptors, and 7
enzymes involved with GABA and glutamate production (GAD-65, GAD-67, glutaminase, glutamate
dehydrogenase, glutamine synthetase, aspartate aminotransferase (cytosolic and mitochondrial),
cytochrome oxidase subunit lll, Vic, ATP synthase subunits A and C, Na K ATPase subunit alpha 1and beta
)k

g. cocaine, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of Mu receptors, PENK, PDYN, micro-RNA miR-181a, NRXN3
beta expression, CART, En1, CD81, D3 receptor, Depamine receptors, ppDYN, DYN, Kappa Receptors,
micro-RNAs miR-124, BDNF, D3R, orexin, Nurr1, Pitx3 and tyrosine hydroxylase;



WO 2012/074550 PCT/US2011/001940

h. cocaine withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Mu receptors, PDYN, orexin, ppDYN and
PENK;

i. Amphetamine, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of PENK, PDYN, mGIuR8, GIuR1 and GIuR2;

j.  amphetamine withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Mu receptors and PDYN;

k. Chronic nicotine treatment, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of Mu receptors, POMC, PDYN, c-Fos,
CREB phosphorylation, dopamine D2 receptor and tyrosine hydroxylase;

. Alcohol cessation, wherein optionally the first and second expression profile experiments assess the mRNA
of at least one gene selected from the group consisting of delta receptor;

m. Cannabinoid agonists (THC, CP-55,940 or R-methanandamide), wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
PENK and POMC;

n. cannabinoid withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of PENK;

0. Kappa receptor agonists (U-69593 or U-50,488H), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of PDYN;

p. Methamphetamine, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of PDYN and TNF-alpha;

q. food (effects on hypothalamic FTO), wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of FTO;

r. Leucine, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of FTO;

s. dual orexin receptor antagonist (DORA) -antagonist of OX1R and OX2R, wherein optionally the first and
second expression profile experiments assess the mRNA of at least one gene selected from the group
consisting of

t.  Aging, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of orexin-receptor 2;

u. CREB, wherein optionally the first and second expression profile experiments assess the mRNA of at least

one gene selected from the group consisting of
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dopamine transporter (DAT - as influenced by overexpression or silencing in the nucleus accumbens),
wherein optionally the first and second expression profile experiments assess the mRNA of at least one
gene selected from the group consisting of

CREB, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of CART;

deoxyribozyme 164 (DRz164) - cleaves Period 1 gene (Pert) mRNA. Injection with DRz164 before
morphine treatment, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of ERK and CREB;

para-chloroamphetamine (depletes 5-HT), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of glucocorticoid
receptor and BDNF;

predisposition for obesity (normal diet), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of Galphag, tyrosine
hydroxylase, VMAT2, DAT, and D2S presynaptic autoreceptor;

editing of serotonin 2C receptor mRNA (via ADAR enzyme), wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
5HT-2C;

Heroin, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of PENK, D2 receptor, DAT, Nurr1 and tyrosine hydroxylase;
social isolation, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of D2 receptor;

HSV vector mediated elevations in GIuR1 or GIuR2, wherein optionally the first and second expression
profile experiments assess the mRNA of at least one gene selected from the group consisting of GIuR1 and
GluRZ;

high or low consumption of sugar, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of SHT2A, mGlu1, AMPA, GluR1,
adrenergic alpha 2A, NMDA NR2B, GABA Alpha 3, adrenergic alpha2B, GluR2, GIuR3, 5HT1B and GABA
alphab;

Leptin receptor expression in VTA, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of

ethanol preference, wherein optionally the first and second expression profile experiments assess the

mRNA of at least one gene selected from the group consisting of Gsta4, FAAH and CB1;
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hh. morphine response (mice), wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of Atp | aw, COMT, Gabra |, GABA-A,
Gabra2, Grm7, Kenj 9, Sytd, Gfap, Mtap2, and Hprt [

ii. ~psychostimulant (e.g. cocaine, amphetamine), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of CART, cAMP and
CREB;

ji.  forskolin (intra-accumbal injection in rat), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of CART;

kk. intrastriatal infusion of cholinergic muscarinic antagonist, wherein optionally the first and second expression
profile experiments assess the mRNA of at least one gene selected from the group consisting of

Il. Delta-tetrahydrocannabinol, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of BDNF, zif268 and MAPK/ERK;

mm.DeltaFosB, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of

nn. Nandrolone decanoate, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D2 receptor and D1 receptor;

0o. Voluntary wheel running in addicted Lewis rats, wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of

pp. Substance P (during morphine withdrawal), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of D2 receptor;

qq. U99194A (D(3) dopamine receptor antagonist), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of ¢-Fos;

fr. cocaine, cocaine + nondrolone, or nandrolone alone, wherein optionally the first and second expression
profile experiments assess the mRNA of at least one gene selected from the group consisting of

ss. Dextromethorphan, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of tyrosine hydroxylase;

tt. Running, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of DYN, GluR1, AMPA, NGFI-B and Nor1;

uu. Amitriptyline, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of D1, D2 and D3 receptors;

w. Desipramine, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of D3 receptor;

ww. Imipramine, wherein optionally the first and second expression profile experiments assess the mRNA of at

least one gene selected from the group consisting of D1, D2 and D3 receptors;
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xx. Tranylcypromine, wherein optionally the first and second expression profile experiments assess the mRNA
of at least one gene selected from the group consisting of D3 receptor;

yy. electroconvulsive therapy, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D3 receptor;

zz. Fetal alcohol syndrome, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of c-fos, ¢-jun, jun B, zif268 and junB;

aaa.S(-)- and R (+)- salsolinol, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of POMC and cAMP;

bbb.peripheral nerve injury (unilateral chronic constriction of sciatic nerve), wherein optionally the first and
second expression profile experiments assess the mRNA of at least one gene selected from the group
consisting of tyrosine hydroxylase and DRDZ2; and

ccc. alcohol and splice variants, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of D2L/D2S receptor ratio and NMDA
NR1.
These and other aspects and embodiments of the invention are discussed in greater detail in the sections

that follow.

Brief Description of the Figures

This application contains at least one figure executed in color. Copies of this application with color

drawing(s) are available upon request and payment of the necessary fee. A summary of each figure appears below.

FIGURE 1: Figure 1 (A) Schematic represents the normal physiologic state of the neurotransmitter
interaction at the mesolimbic region of the brain. Briefly in terms of the “Brain Reward Cascade” first coined by Blum
and Kozlowski [X]: serotonin in the hypothalamus stimulates neuronal projections of methionine enkephalin in the
hypothalamus which in turn inhibits the release of GABA in the substania nigra thereby allowing for the normal
amount of Dopamine to be released at the Nucleus Accumbens ( reward site of Brain). (B) Represents
hypodopaminergic function of the mesolimbic region of the brain. It is possible that the hypodopaminergic state is
due to gene polymorphisms as well as environmental elements including both stress and neurotoxicity from aberrant
abuse of psychoactive drugs (i.e. alcohol, heroin, cocaine etc). Genetic variables could include serotonergic genes
(serotonergic receptors [ SHTZ2a}; serotonin transporter SHTIPR); endorphinergic genes ( mu OPRM1 gene;
proenkephaiin (PENK) [PENK poiymorphic 3' UTR dinucieotide (CA) repeats}; GABergic gene (GABRB3) and
dopaminergic genes ( ANKKI Tagq A; DRD2 C9577, DRD4 7R, COMT Val/met substation, MAO-A uVNTR, and
SLC6A3 9 or 10R). Any of these genetic and or environmental impairments could result in reduced release of

dopamine and or reduced number of dopaminergic receptors.
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Detailed Description of the Invention

This invention concerns methods to assess biomarkers, particularly the level of gene products éuch asa
messenger RNAs (mRNAs) and/or the proteins encoded by such mRNAs, common to overall wellness and, as such,
attenuation of aberrant craving behaviors, including other detrimental behaviors in drug dependency. Particular
emphasis is placed on individual drug or activity of choice. Such methods will benefit chemical dependency
programs worldwide, as well as bariatric centers involved in the treatment of obesity or food cravings, as well as
centers involved in gambling, internet, or sexual addiction, to name a few. This application is supported by a new
definition of addiction as developed and release by American Society of Addiction Medicine (ASAM).

Short Definition of Addiction: Addiction is 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 behaviors.

Addiction is characterized by inability to consistently abstain, impairment in behavioral control, craving,
diminished recognition of significant problems with one's behaviors and interpersonal relationships, and a
dysfunctional emotional response. Like other chronic diseases, addiction often involves cycles of relapse and
remission. Without treatment or engagement in recovery activities, addiction is progressive and can result in disability
or premature death.

Addiction affects neurotransmission and interactions within reward structures of the brain, including the
nucleus accumbens, anterior cingulate cortex, basal forebrain and amygdala, such that motivational hierarchies are
altered and addictive behaviors, which may or may not include alcohol and other drug use, supplant healthy, self-
care related behaviors. Addiction also affects neurotransmission and interactions between cortical and hippocampal
circuits and brain reward structures, such that the memory of previous exposures to rewards (such as food, sex,
alcohol, and other drugs) leads to a biological and behavioral response to external cues, in turn triggering craving
and/or engagement in addictive behaviors.

The neurobiology of addiction encompasses more than the neurochemistry of reward. The frontal cortex of
the brain and underlying white matter connections between the frontal cortex and circuits of reward, motivation and
memory are fundamental in the manifestations of altered impulse control, altered judgment, and the dysfunctional
pursuit of rewards (which is often experienced by the affected person as a desire to “be normal”) seen in addiction--
despite cumulative adverse consequences experienced from engagement in substance use and other addictive
behaviors. The frontal lobes are important in inhibiting impulsivity and in assisting individuals to appropriately delay
gratification. When persons with addiction manifest problems in deferring gratification, there is a neurological locus
of these problems in the frontal cortex. Frontal lobe morphology, connectivity and functioning are still in the process

of maturation during adolescence and young adulthood, and early exposure to substance use is another significant
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factor in the development of addiction. Many neuroscientists believe that developmental morphology is the basis that
makes early-life exposure to substances such an important factor.

Genetic factors account for about half of the likelihood that an individual will develop addiction.
Environmental factors interact with the person’s biology and affect the extent to which genetic factors exert their
influence. Resiliencies the individual acquires (through parenting or later life experiences) can affect the extent to
which genetic predispositions lead to the behavioral and other manifestations of addiction. Culture also plays a role
in how addiction becomes actualized in persons with biological vulnerabilities to the development of addiction.

Other factors that can contribute to the appearance of addiction, leading to its characteristic bio-psycho-
socio-spiritual manifestations, include:

a. the presence of an underlying biological deficit in the function of reward circuits, such that drugs and
behaviors which enhance reward function are preferred and sought as reinforcers;

b. the repeated engagement in drug use or other addictive behaviors, causing neuroadaptation in motivational
circuitry leading to impaired control over further drug use or engagement in addictive behaviors;

¢. cognitive and affective distortions, which impair perceptions and compromise the ability to deal with feelings,
resulting in significant self-deception;

d. disruption of healthy social supports and problems in interpersonal relationships which impact the
development or impact of resiliencies;

e. exposure to trauma or stressors that overwhelm an individual's coping abilities;

f.  distortion in meaning, purpose and values that guide attitudes, thinking and behavior;

g. distortions in a person’s connection with self, with others and with the transcendent (referred to as God by
many, the Higher Power by 12-steps groups, or higher consciousness by others); and

h. the presence of co-occurring psychiatric disorders in persons who engage in substance use or other
addictive behaviors.

Addiction is characterized by:

a. inability to consistently abstain;
b. impairment in behavioral control;

craving; or increased “hunger” for drugs or rewarding experiences;
d. diminished recognition of significant problems with one’s behaviors and interpersonal relationships; and
e. adysfunctional emotional response.
The power of external cues to trigger craving and drug use, as well as to increase the frequency of
engagement in other potentially addictive behaviors, is also a characteristic of addiction, with the hippocampus being
important in memory of previous euphoric or dysphoric experiences, and with the amygdala being important in having

motivation concentrate on selecting behaviors associated with these past experiences.
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Although some believe that the difference between those who have addiction, and those who do not, is the
quantity or frequency of alcohol/drug use, engagement in addictive behaviors (such as gambling or spending), or
exposure to other external rewards (such as food or sex), a characteristic aspect of addiction is the qualitative way in
which the individual responds to such exposures, stressors and environmental cues. A particularly pathological
aspect of the way that persons with addiction pursue substance use or external rewards is that preoccupation with,
obsession with and/or pursuit of rewards (e.g., alcohol and other drug use) persist despite the accumulation of
adverse consequences. These manifestations can occur compulsively or impulsively, as a reflection of impaired
control.

Persistent risk and/or recurrence of relapse, after periods of abstinence, is another fundamental feature of
addiction. This can be triggered by exposure to rewarding substances and behaviors, by exposure to environmental
cues to use, and by exposure to emotional stressors that trigger heightened activity in brain stress circuits.

In addiction there is a significant impairment in executive functioning, which manifests in problems with
perception, learning, impulse control, compulsivity, and judgment. People with addiction often manifest a lower
readiness to change their dysfunctional behaviors despite mounting concems expressed by significant others in their
lives; and display an apparent lack of appreciation of the magnitude of cumulative problems and complications. The
still developing frontal lobes of adolescents may both compound these deficits in executive functioning and
predispose youngsters to engage in “high risk” behaviors, including engaging in alcohol or other drug use. The
profound drive or craving to use substances or engage in apparently rewarding behaviors, which is seen in many
patients with addiction, underscores the compulsive or avolitional aspect of this disease. This is the connection with
“‘powerlessness” over addiction and “unmanageability” of life, as is described in Step 1 of 12 Steps programs.

Addiction is more than a behavioral disorder. Features of addiction include aspects of a person’s behaviors,
cognitions, emotions, and interactions with others, including a person's ability to refate to members of their family, to
members of their community, to their own psychological state, and to things that transcend their daily experience.

Behavioral manifestations and complications of addiction, primarily due to impaired control, can include:

a. Excessive use and/or engagement in addictive behaviors, at higher frequencies and/or quantities than the
person intended, often associated with a persistent desire for and unsuccessful attempts at behavioral
control;

b. Excessive time lost in substance use or recovering from the effects of substance use and/or engagement in
addictive behaviors, with significant adverse impact on social and occupational functioning {(e.g. the
development of interpersonal relationship problems or the neglect of responsibilities at home, school or
work);

c. Continued use and/or engagement in addictive behaviors, despite the presence of persistent or recurrent
physical or psychological problems which may have been caused or exacerbated by substance use and/or

related addictive behaviors;
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d. A narrowing of the behavioral repertoire focusing on rewards that are part of addiction; and
e. Anapparent lack of ability and/or readiness to take consistent, ameliorative action despite recognition of
problems.
Cognitive changes in addiction can include:
a. Preoccupation with substance use;
b. Altered evaluations of the relative benefits and detriments associated with drugs or rewarding behaviors;
and
¢. The inaccurate belief that problems experienced in one's life are attributable to other causes rather than
being a predictable consequence of addiction.
Emotional changes in addiction can include:
a. Increased anxiety, dysphoria and emotional pain;
b. Increased sensitivity to stressors associated with the recruitment of brain stress systems, such that ‘things
seem more stressful” as a result; and
c. Difficulty in identifying feelings, distinguishing between feelings and the bodily sensations of emotional
arousal, and describing feelings to other people (sometimes referred to as alexithymia).

The emotional aspects of addiction are quite complex. Some persons use alcohol or other drugs or
pathologically pursue other rewards because they are seeking “positive reinforcement” or the creation of a positive
emotional state (*euphoria”). Others pursue substance use or other rewards because they have experienced relief
from negative emotional states (“dysphoria”), which constitutes “negative reinforcement.“ Beyond the initial
experiences of reward and relief, there is a dysfunctional emotional state present in most cases of addiction that is
associated with the persistence of engagement with addictive behaviors. The state of addiction is not the same as
the state of intoxication. When anyone experiences mild intoxication through the use of alcohol or other drugs, or
when one engages non-pathologically in potentially addictive behaviors such as gambling or eating, one may
experience a “high”, felt as a “positive” emotional state associated with increased dopamine and opioid peptide
activity in reward circuits. After such an experience, there is a neurochemical rebound, in which the reward function
does not simply revert to baseline, but often drops below the original levels. This is usually not consciously
perceptible by the individual and is not necessarily associated with functional impairments.

Over time, repeated experiences with substance use or addictive behaviors are not associated with ever
increasing reward circuit activity and are not as subjectively rewarding. Once a person experiences withdrawal from
drug use or comparable behaviors, there is an anxious, agitated, dysphoric and labile emotional experience, related
to suboptimal reward and the recruitment of brain and hormonal stress systems, which is associated with withdrawal
from virtually all pharmacological classes of addictive drugs. While tolerance develops to the “high,” tolerance does
not develop to the emotional “low” associated with the cycle of intoxication and withdrawal. Thus, in addiction,

persons repeatedly attempt to create a “high--but what they mostly experience is a deeper and deeper “low.” While
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anyone may “want” to get “high”, those with addiction feel a “need” to use the addictive substance or engage in the
addictive behavior in order to try to resolve their dysphoric emotional state or their physiological symptoms of
withdrawal. Persons with addiction compulsively use even though it may not make them feel good, in some cases
long after the pursuit of “rewards” is not actually pleasurable. Although people from any culture may choose to “get
high” from one or another activity, it is important to appreciate that addiction is not solely a function of choice. Simply
put, addiction is not a desired condition.

As addiction is a chronic disease, periods of relapse, which may interrupt spans of remission, are a common
feature of addiction. It is also important to recognize that return to drug use or pathological pursuit of rewards is not
inevitable.

Clinical interventions can be quite effective in altering the course of addiction. Close monitoring of the
behaviors of the individual and contingency management, sometimes including behavioral consequences for relapse
behaviors, can contribute to positive clinical outcomes. Engagement in health promotion activities which promote
personal responsibility and accountability, connection with others, and personal growth also contribute to recovery. It
is important to recognize that addiction can cause disability or premature death, especially when left untreated or
treated inadequately.

The qualitative ways in which the brain and behavior respond to drug exposure and engagement in
addictive behaviors are different at later stages of addiction than in earlier stages, indicating progression, which may
not be overtly apparent. As is the case with other chronic diseases, the condition must be monitored and managed
over time to:

a. Decrease the frequency and intensity of relapses;
b. Sustain periods of remission; and .
c. Optimize the person’s level of functioning during periods of remission.

In some cases of addiction, medication management can improve treatment outcomes. In most cases of
addiction, the integration of psychosocial rehabilitation and ongoing care with evidence-based pharmacological
therapy provides the best results. Chronic disease management is important for minimization of episodes of relapse
and their impact. Treatment of addiction saves lives.

Addiction professionals and persons in recovery know the hope that is found in recovery. Recovery is
available even to persons who may not at first be able to perceive this hope, especially when the focus is on linking
the health consequences to the disease of addiction. As in other health conditions, self-management, with mutual
support, is very important in recovery from addiction. Peer support such as that found in various “self-help” activities
is beneficial in optimizing health status and functional outcomes in recovery.

While there are many approaches to treatment no one has ever developed a novel test to determine
outcome following treatment whether it involves just talk therapy, holistic modalities, neuro-genetic targeting ,

psychopharmacology, genomics and/or a combination of all of these worthy approaches. With this mind the inventors
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propose the first ever- test to determine outcome by tracking pre-and post mRNA gene expression as described
herein.

The site of the brain where one experiences feelings of well being is the meso-limbic system. This part of
the brain has been termed the “reward center”. The chemical messages include serotonin, enkephalins, GABA and
dopamine, all working in concert to provide a net release of DA at the Nac (a region in the mesolimbic system). Itis
well known that genes control the synthesis, vesicular storage, metabolism, receptor formation and neurotransmitter
catabolism. The polymorphic versions of these genes have certain variations that can lead to an impairment of the
neurochemical events involved in the neuronal release of DA. The cascade of these neuronal events has been
termed “Brain Reward Cascade”. A breakdown of this cascade will ultimately lead to a dysregulation and dysfunction
of DA. Since DA has been established as the “pleasure molecule” and the "anti-stress molecule,” any reduction in
function could lead to reward deficiency and resultant aberrant substance seeking behavior and a lack of wellness.

Homo sapiens physiology is motivationally programmed to drink, eat, have sex, and desire pleasurable
experiences. Impairment in the mechanisms involved in these natural processes lead to multiple impulsive,
compulsive and addictive behaviors governed by genetic polymorphic antecedents. While there are a plethora of
genetic variations at the level of mesolimbic activity, polymorphisms of the serotonergic- 2A receptor (5-HTT2a),
dopamine D2 receptor (DRD2) and the Catechol-o-methyl -transferase (COMT) genes predispose individuals to
excessive cravings and resultant aberrant behaviors.

An umbrella term to describe common genetic antecedents of multiple impulsive, compulsive and addictive
behaviors is Reward Deficiency Syndrome (RDS). Individuals possessing a paucity of serotonergic and/or
dopaminergic receptors and an increased rate of synaptic DA catabolism, due to high catabolic genotype of the
COMT gene, are predisposed to self-medicating any substance or behavior that will activate DA release including
alcohol, opiates, psychostimulants, nicotine, glucose, gambling, sex, and even excessive internet gaming, among
others.

Acute utilization of these substances induces a feeling of well being. But, unfortunately, sustained and
prolonged abuse leads to a toxic pseudo feeling of well being resulting in tolerance and disease or discomfort. Thus,
low DA receptors due to carrying the DRD2 A1 allelic genotype results in excessive cravings and consequential
behavior, whereas normal or high DA receptors results in low craving-induced behavior. In terms of preventing
substance abuse, or excessive glucose craving, one goal would be to induce a proliferation of DA D2 receptors in
genetically prone individuals. Experiments in vitro have shown that constant stimulation of the DA receptor system
via a known D2 agonist results in significant proliferation of D2 receptors in spite of genetic antecedents. In essence,
D2 receptor stimulation signals negative feedback mechanisms in the mesolimbic system to induce mRNA
expression causing proliferation of D2 receptors. This molecular finding serves as the basis to naturally induce DA
release to also cause the same induction of D2-directed mRNA and thus proliferation of D2 receptors in the human.

This proliferation of D2 receptors in turn, will induce the attenuation of craving behavior. In fact this has been proven
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with work showing DNA—directed overexpression (a fdrm of gene therapy) of the DRD2 receptors and significant
reduction in both alcohol and cocaine craving-induced behavior in animals.

Finally, utilizing the long term dopaminergic activation approach will ultimately lead to a common safe and
effective modality to treat RDS behaviors including Substance Use Disorders (SUD), Attention Deficit Hyperactivity
Disorder (ADHD), and Obesity among other reward deficient aberrant behaviors. Support for the impulsive nature of
individuals possessing dopaminergic gene variants is derived from a recent article suggesting that variants in the
COMT gene predicts impulsive choice behavior and may shed light on treatment targets. The importance of
neurochemical mechanisms involved in drug induced relapse behavior cannot be ignored. Using a drug relapse
model, it has been shown previously that relapse can be induced by re-exposing rats to heroin-associated contexts,
after extinction of drug-reinforced responding in different contexts, reinstates heroin seeking. This effect is
attenuated by inhibition of glutamate transmission in the ventral tegmental area and medial accumbens shell,
components of the mesolimbic dopamine system. This process enhances DA net release in the N. accumbens. This
fits well with Li's KARG addiction network map.

Examples

This section provides a number of examples whereby specific drugs and neuro-pathways interact in the
genome to influence the biological function of MRNA as it relates to neurotransmission, enzymes involved in
neurotransmitter metabolism as well as specific neuronal receptors common in producing a feeling of well-being in
the animal or human.

In the basal ganglia, convergent input and dopaminergic modulation of the direct striatonigral and the
indirect striatopallidal pathways are critical in rewarding and aversive learning and drug addiction. To explore how the
basal ganglia information is processed and integrated through these two pathways, a reversible neurotransmission
blocking technique was devloped in which transmission of each pathway was selectively blocked by specific
expression of transmission-blocking tetanus toxin in a doxycycline-dependent manner. The results indicated that the
coordinated modulation of these two pathways was necessary for dopamine-mediated acute psychostimulant
actions. This modulation, however, shifted to the predominant roles of the direct pathway in reward learning and
cocaine sensitization and the indirect pathway in aversive behavior. These two pathways thus have distinct roles: the
direct pathway critical for distinguishing associative rewarding stimuli from non-associative ones and the indirect
pathway for rapid memory formation to avoid aversive stimuli. As for the role of drugs of abuse on mRNA involved in
these pathways, thoughtful exploration, the following map has been developed, yielding for the first time a
comprehensive set of gene-based biomarkers (e.g., mRNAs and/or the proteins encoded thereby) one, some, or all
of which can be assayed utilizing, for example, array analysis to detect up- or down-regulation depending on the
activity or substance (frequently a prescribed drug or drug of abuse) in question for a particular subject. (see Table 2,
below).

Example 1
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Utilizing GARS

In this test a Genetic Addiction Risk Score (GARS) is used to identify genes and related mRNA. See
USSN 13/092,894, which is hereby incorporated by reference.

Detailed Embodiment

Over half a century of dedicated and rigorous scientific research on the meso-limbic system provided insight
into the addictive brain and the neurogenetic mechanisms involved in man’s quest for happiness. In brief, the site of
the brain where one experiences feelings of well-being is the meso-limbic system. This part of the brain has been
termed the “reward center”. Chemical messages including serotonin, enkephalins, GABA and dopamine (DA), work
in concert to provide a net release of DA at the nucleous accumbens (NAc), a region in the mesolimbic system. It is
well known that genes control the synthesis, vesicular storage, metabolism, receptor formation and neurotransmitter
catabolism. The polymorphic-versions of these genes have certain variations that could lead to an impairment of the
neurochemical events involved in the neuronal release of DA. The cascade of these neuronal events has been
termed “Brain Reward Cascade” (see Figure 1). A breakdown of this cascade will ultimately lead to a dysregulation
and dysfunction of DA. Since DA has been established as the “pleasure molecule” and the "anti-stress molecule,”
any reduction in function could lead to reward deficiency and resultant aberrant substance seeking behavior and a
lack of wellness.

Homo sapiens are biologically predisposed to drink, eat, reproduce and desire pleasurable experiences.
Impairment in the mechanisms involved in these natural processes lead to multiple impulsive, compulsive and
addictive behaviors governed by genetic polymorphic antecedents. While there are a plethora of genetic variations at
the level of mesolimbic activity, polymorphisms of the serotonergic- 2A receptor (5-HTT2a); serotonergic transportor
(SHTTLPR); (dopamine D2 receptor (DRD2), Dopamine D4 receptor (DRD4) ; Dopamine transporter (DAT1); and .
the Catechol-o-methyl —transferase (COMT) , monoamine —oxidase (MOA) genes as well as other candidate genes
predispose individuals to excessive cravings and resultant aberrant behaviors.

An umbrella term to describe the common genetic antecedents of multiple impulsive, compulsive and
addictive behaviors is Reward Deficiency Syndrome (RDS). Individuals possessing a paucity of serotonergic and/or
dopaminergic receptors and an increased rate of synaptic DA catabolism, due to high catabolic genotype of the
COMT gene, or high MOA activity are predisposed to self-medicating with any substance or behavior that will -
activate DA release including alcohol, opiates, psychostimulants, nicotine, glucose, gambling, sex, and even
excessive internet gaming, among others. Use of most drugs of abuse, including alcohol, is associated with release
of dopamine in the mesocorticolimbic system or “reward pathway of the brain. Activation of this dopaminergic system

induces feelings of reward and pleasure [6.7]. However, reduced activity of the
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Example 3 Commonality Test
Table 3. Common RDS gene expression of mRNA (based on drug of choice effects)

mRNA up mRNA down
TrkB Orexigenic Agrp
Pomc NPY
D4 Orexin receptor 2
prodynorphin (PDYN) KOR
Mu receptors DOR
Kappa receptors neuropeptide Y 5 receptor NPYSR)
Dyn Gal
Gpr88 CryB
Sgk Ag4
Capl Gprl23
PSD95, Gprs
CamKII opiate receptor-like 1 (OPRL-1)
DRDIA All 8 GABA receptor subunits
Grm$5 glutamate receptors
Adora2a, ERK
Homerl Na K ATPase subunit alpha land
beta 1
Cnrl GAD-65
Gpré6 [ GAD-67
hsp90beta Glutaminase
ProorphaninFQ/N glutamate dehydrogenase
Orexin glutamine synthetase
cAMP-PKA aspartate aminotransferase
CART cytochrome oxidase subunit IT1
micro-RNA miR-181a Vic,
NRXN3 beta ATP synthase subunits A and C
Ent Nurrl
D3 receptor Pitx3
Preproenkephalin VMAT2
mGIluR$§ fatty acid amidohydrolase (FAAH)
GluR1 AMPA receptor
MOR CB1
CREB phosphorylation NRI1
c fos Norl
delta receptor NGFI-B
FTO ANKI 1-kinase (Ala239)
glucocorticoid receptor Neurotensin
G-alpha q - endogenous negative
regulator of VMAT?2
SHT-2C
TH
alpha synuclein
iniraceiiuiar JAK-STAT
Gsta4 (glutathione-S-transferase
alpha 4)
BDNF i
DeltaFosB
Dopamine D(2) receptor
tyrosine hydroxylase
alpha 6 subunit in catecholaminergic
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nuclei
c-jun
jun B,
zif268
CCK
Neurotensin

dopamine reuptake transporter
COMT
MAOQO-A,

Sic12a6

Dlgap2

Etnkl

Palm

Sgstm1

Nsgl

Akap9

Apbal

Staul

Elavl4

Kif5a

Sytl

Hipk2

Araf,

Cmip

NMDA

NR1

Methods for Detecting mRNA

This invention involves the collection of any cell-containing tissue (e.g., blood, skin, saliva, a buccal swab,
hair, etc.) for extraction of mRNA or protein by any appropriate method.

Whole-genome gene expression profiling

In one embodiment, a strategy of detailed time-course studies of gene expression alterations following pre-
and post entry to residential and or non-residential treatment using lllumina Whole-Genome 6 microarrays. To
analyze the dynamics of early, intermediate and relatively late changes in mRNA abundance, the analysis will be
performed at different time points for example: upon entry; two weeks, 4 weeks and during recovery.

Support for this methodology is based on microarray data analysis using two-way ANOVA identified 42
drug-responsive genes with P < 1 x 10 (corresponding to P < 0.05 after adjusting for approximately 48,000
independent tests using Bonferroni correction). Compared to other gene expression profiling studies, the statistical
threshold was rather conservative. However, the same threshold is widely accepted in population genetic and
genome-wide association studies in humans. The difference between the methodological standards may result from
the number of sampies and bioiogicai repiicates usuaily used in these two types of whoie-genome siudies.

In one study, the maximum number of true positive genes altered in the striatum by drugs of abuse (drug
factor, 104 transcripts) was found at a 29% FDR. Beyond that level, the number of true positives did not increase.
Surprisingly, the number of true positives remained stable (84 to 104 transcripts, mean = 94.4 + 4.9) over a wide

range of FDR (4.7 to 56.3%). The results for the drug factor are in contrast to alterations in the striatal gene
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expression profile related to the time point of the experiment (time factor). The maximum number of true positive
genes (5,442 transcripts) for the time factor was found at a 69.8% FDR and increased linearly in the range 0.1 to
69.8% FDR. The above observations suggest a rather unexpected conclusion. While the diurnal cycle alters a vast
fraction of the brain transcriptome, drugs regulated the expression of a limited number of genes (approximately 100),
and this alteration was robust. The number of genes obtained using Bonferroni correction (42 transcripts) was equal
to the number of genes obtained at a 0.1% FDR threshold. Therefore, at the chosen threshold, we identified 40.3%
(42 of 104 transcripts) of genes altered by drugs of abuse with 99.9% confidence.

The changes in mRNA abundance of selected marker genes were validated by quantitative PCR (QPCR)
using aliquots of the non-pooled total RNA. (yielding an overall correlation between the microarray and qPCR results
of r = 0.69 (Spearman's method, P = 4.87 x 10-%). The alterations in mMRNA level were also confirmed in an
independent experiment. n addition, the expression of the selected genes was evaluated during the acquisition and
expression of morphine-induced CPP.

Correlation with behavioral drug effects

To link the gene expression patterns with drug-related phenotypes, others have analyzed the correlations
between the transcriptional and behavioral drug effects in mice. Mutual interactions between the brain gene
expression and behavioral profiles are complex and multidimensional. Therefore, it is difficult to define them using
analyses performed with only the few available data points. However, even speculative results obtained from this
analysis create the unique possibility of assigning different transcriptional alterations induced by various drugs to
drug-related phenotypes. A positive correlation of r = 0.62 (Pearson's method, P < 0.001) was observed between the
level of drug-induced locomotor activation and the degree of transcriptional response of gene expression pattern A.
Additionally, a significant correlation between the acute induction of B1genes and the rewarding effect of the drug (r =
0.7, Pearson's method, P < 0.05, was found. This provides confidence that gene expression induced by various
drugs are linked to expected behaviors, including RDS behaviors.

Evaluation of two drug-requlated genes at the mRNA and protein levels

Western blotting has been used to determine whether the changes in gene expression are translated into
alterations in protein levels. As such, the morphine-induced increase in Sgk7 abundance as been associated with a
significant decrease in the level of the protein (0.75-fold). Therefore, Sgk1 expression changes might be a
compensatory effect to the loss of the protein. Up-regulation of Tsc22d3 has been associated with an increase in the
corresponding protein level (approximately 1.5-fold;). Double-immuno-fluorescence labeling with neuronal (NeuN)
and astroglial (S100B) markers have been used to identify cells that expressed SGK (Sgk1) and GILZ (Tsc22d3)
proteins. In the mouse striatum, both genes appeared to be expressed mainly in neurons.

The above methodology is presented as an example of how it is feasible to develop assays for the
relationship between drugs of abuse and behavioral effects that will lead to a test to determine treatment outcome.

Conclusion
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The genetic tests described herein are important for understanding treatment response in any given RDS
scenario. While it is not specific for any drug of abuse in terms of treatment program it will be useful for providing
important info regarding not only drug abuse treatment but programs involved in treatment of food cravings and
obesity. In one example, along with the potential solution involving the formulation KB220Z, information related to an
understanding of why this complex could affect mRNA expression in a number of well-known pathways. See U.S.
patent no. 6,955.873.

An overwhelming segment of the world’s population possesses certain genetic variations that increase risk
for genetic predispositions that preclude them from reaching their optimum health potential, contribute to impaired
health, and/or can cause involuntary indulgence in detrimental and self-destructive behaviors. This is especially true
for products that empower individuals to successfully overcome compulsions and excessive cravings, like those that
lead to unwanted and unhealthy weight gain, and other health woes that burden society (i.e. addictions, depression,
and other related problems).

It is believed that the genesis of all behavior, whether so-called normal (socially acceptable) or abnormal
(socially unacceptable) behavior, derives from an individual's genetic makeup at birth. This predisposition, due to
multiple gene combinations and polymorphisms, is expressed differently based on numerous environmental
elements. It is further believed that the core of predisposition to these behaviors is a set of genes, which promote a
feeling of well-being via neurotransmitter interaction at the “reward site” of the brain (located in the meso-limbic
system), leading to normal dopamine release and influencing dopamine receptor density. The DRD2 gene is
responsible for the synthesis of dopamine D2 receptors. And, further depending on the genotype (allelic form A1
versus A2), the DRD2 gene dictates the number of these receptors at post-junctional sites.

A low number of D2 receptors suggest a hypodopaminergic function as manifested in addictive disorders.
When there are a low number of dopamine receptors, the person will be more prone to seek any substance or
behavior that stimulates the dopaminergic system (a sort of “dopamine fix"). To understand generalized craving
behavior, due to hypodopaminergic function, individuals self-medicate through biochemicail (iflicit or non-illicit)
attempts to alleviate or compensate for the low dopaminergic brain activity via drug-receptor activation (alcohol,
heroin, cocaine, glucose, etc.). This will substitute for the lack of reward and yield a temporary compensatory sense
of well-being. In order to help explain this so called pseudo self-healing process, it is germane that the reinforcing
properties of many drugs of abuse may be mediated through activation of common neurochemical pathways,
particularly with regard to the meso-limbic dopamine system and as such these drugs will have profound influence on
gene expression thereof.

In predisposed g'enotypes, gene polymorphic expression (and resulting aberrant behavior) is amplified in
response to chronic nutritional deficiencies from habitual dietary patterns that are chronically unable to meet the
greater nutrient needs mandated by those polymorphisms manifesting as RDS. In this regard, glucose, opiates,

nicotine, cocaine, tetrahydrocannibinol (THC), and ethanol (among others) have been shown to directly or indirectly
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enhance release or block re-uptake of dopamine. These findings suggest the importance of genotyping
polymorphisms of the dopaminergic and other reward pathways to develop a ‘genetic positioning system' map (GPS).
To date, there are numerous clinical trials showing various recovery benefits from RDS behaviors using KB220.

The results of these studies support an interaction of KB220 and meso-limbic activation leading to
“normalization” of abnormal dopaminergic function in anticipation of patients carrying a number of reward gene
polymorphisms. It appears that KB220 is the only natural “Dopamine Agonist” without any negative side-effects that
are common among pharmaceutical medications. In fact, KB220 has been able to demonstrate that it was able
increase the positive effects of alpha and low beta activity in the Parietal regions of the brain compared to placebo.
The fact that KB220 induced an increase in both alpha and low beta activity seems to mimic the protocol used in
neurofeedback to treat alcoholics. This indicates that KB220 “normalizes” brain abnormalities associated with drug
dependency (alcohol, heroin and psycho stimulants) induced because of dopaminergic deficiency by acting as a
Dopaminergic receptor agonist during extended abstinence in polydrug abusers.

Clinicians are interested in the potential of increasing the number of DR2R that long-term activation of
dopaminergic receptors (i.e., DRD2 receptors) by KB220 should accomplish. This phenomena will lead to enhanced
"dopamine sensitivity", greater self-control, and an increased sense of happiness. However, to date there is no
outcome measure that definitively enables real objective assessment of patients in terms of outcome. Using the
concept of treating RDS victims with KB220Z, as one example of treatment, the methods herein provide novel
information for the first time ever.

Thus, the coupling of these methods as way to display the actual role of treatment will provide a descriptive
gene expression and/or protein map.

All patents, patent applications, and publications mentioned in the specification are indicative of the levels of
those of ordinary skill in the art to which the invention pertains. Each patent, patent application, and publication cited
herein is hereby incorporated by reference in its entirety for all purposes regardless of whether it is specifically
indicated to be incorporated by reference in the particular citation.

The invention illustratively described herein suitably may be practiced in the absence of any element(s) not
specifically disclosed herein. Thus, for example, in each instance herein any of the terms “comprising”, “consisting
essentially of’, and “consisting of' may be replaced with either of the other two terms. The terms and expressions
which have been employed are used as terms of description and not of limitation, and there is no intention that in the
use of such terms and expressions of excluding any equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of the invention claimed. Thus, it
should be understood that although the present invention has been specifically disclosed by preferred embodiments

and optional features, modification and variation of the concepts herein disclosed may be resorted to by those skilled
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in the art, and that such modifications and variations are considered to be within the scope of this invention as

defined by the appended claims.
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A method of objective assessment of a Reward Deficiency Syndrome (RDS) behavior in a subject known to
have or suspected of having RDS, wherein the method comprises obtaining a first expression profile on a
biological sample obtained from the subject at a first time point and a second expression profile on a
biological sample obtained from the subject at a second time point, wherein the first and second expression
profiles comprise measuring a level of an expression product, optionally a messenger RNA (mRNA) or a
protein, for at least one gene selected from the group consisting of TrkB, Pomc, D4, prodynorphin (PDYN),
Mu receptors, Kappa receptors, Dyn, Gpr88, Sgk, Cap1, PSD95, CamKIl, DRD1A, Grm5, Adora2a ,
Homer1, Cnr1, Gpr6, hsp90beta, ProorphaninFQ/N, Orexin, cAMP-PKA, CART, micro-RNA miR-181a,
NRXN3 beta, En1, D3 receptor, Preproenkephalin, mGIuR8, GluR1, MOR, CREB phosphorylation, ¢ fos,
delta receptor, FTO, glucocorticoid receptor, G-alpha q - endogenous negative regulator of VMAT2, SHT-
2C, TH, alpha synuclein, intracellular JAK-STAT, Gsta4 (glutathione-S-transferase alpha 4), BDNF |,
DeltaFosB, Dopamine D(2) receptor, tyrosine hydroxylase, alpha 6 subunit in catecholaminergic nuclei, c-
jun, jun B, zif268, CCK, Neurotensin, dopamine reuptake transporter, COMT, MAO-A, Sic12a8, Digap2,
Etnk1, Palm, Sqstm1, Nsg1, Akap9, Apba1, Stau1, Elavl4, Kif5a, Syt1, Hipk2, Araf, Cmip, NMDA, and NR1.
A method according to claim 1 wherein the first expression profile is conducted prior to delivering a therapy
to the subject intended to treat or alter the course of the Reward Deficiency Syndrome (RDS) behavior.

A method according to claim 2 that further comprises:

a. performing an allelic analysis on a biological sample from the subject to determine if the subject’s
genome contains at least one RDS-associated allele for each of two genes selected from the group
consisting of DRD1, DRD2, DRD3, DRD4, DRD5, DAT1, PPARG, CHREBP, FTO, TNF-alpha, MANEA,
Leptin OB, PEMT, MOAA, MOAB, CRH, CRHEP, CRHR1, CRHR2, GAL, NPY, NPY1R, NPY2R, NPYY5R,
ADIPOQ, STS, VDR, DBI, 5HTTIRP, GABRA2, GABRA3, GABBRA4, GABRAS, GABRB1, GABRB2,
GABRB3, GABRD, GABRE, GARG2, GABRG2, GABRG3, GARBQ, SLC6A7, SLC6A11, SLC6A13,
SLC32A1, GAD1, GAD2, DB1, MTHFR, VEGF, NOS3, HTR3B, SLC6A3, SLC6A4, COMT, DDC, OPRD1,
OPRM1, OPRK1, ANKK1, HTR2A, HTR2C, HTRIA, HTR1B, HTR2A, HTR2B, HTR2C, HTR3A, HTR3B,
ALDH1, ALDH2, CAT, CYP2E1, ADH1A, ALDH1B, ALDH1C, ADH4, ADH5, ADH6, ADH7, TPH1, TPH2,
CNR1, CYP2E1, OPRKI, PDYN, PNOC, PRD1, OPRL1, PENK, POMC, GLA1, GLRA1, GLRB, GPHN,
FAAH, CHRM1, CHRM2, CHRM3, CHRM4, CHRMS5, CHRNA4, CHRNB2, ADRA1A, ADRA2B, ADRB2,
SLC6A2, DRA2A, DRA2C, ARRB2, DBH, SCL18A2, TH, GR1K1, GRIN1, GRIN2A, GRIN2B, GRIN2C,
GRM1, SLC6A4, ADCY7, AVPR1A, AVPRIB, CDK5RI, CREB1, CSNKIE, FEV, FOS, FOSL1, FOSL2,
GSKK3B, JUN, MAPK1, MAPK3, MAPK14, MPD2, MGFB, NTRK2, NTSRI, NTSR2, PPP1R1B, PRKCE,
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BDNF, CART, CCK, CCKAR, CCKBR, CLOCK, HCRT, LEP, OXT, NR3C1, SLC29A1, and TAC1, wherein
the allelic analysis is performed before, concurrently, or after the first expression profile; and, optionally,

b. determining a genetic addiction risk based on the results of the allelic analysis, wherein the genetic
addiction risk takes into the account the presence of one or more of RDS-associated alleles among the
genes analyzed, wherein the presence of at least one RDS-associated allele indicates a genetic addiction
risk.

4. A method according to claim 2 wherein the second expression profile is conducted after delivering a therapy
to the subject intended to treat or alter the course of the Reward Deficiency Syndrome (RDS) behavior.

5. A method according to claim 1 wherein the biological samples are derived from tissue samples obtained
from the subject, wherein optionally the tissue samples are cell-containing samples optionally selected from
the group consisting of blood, hair, mucous, saliva, and skin.

6. A method according to claim 1 wherein one or more of the expression profiles is a gene expression profile
or a protein expression profile.

7. A method according to claim 1 wherein one or more of the expression profiles is a gene expression profile
obtained from a messenger RNA-containing biological sample or a protein expression profile obtained from
a protein-containing biological sample.

8. A method according to claim 1 wherein the RDS behavior is the subject’s self-administration of a substance

or activity of choice, wherein optionally the substance or activity of choice is selected from the group consisting of:

ddd.high fat food (HFF), wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of TrkB, Cart, Pomc, D2 receptor, D4
receptor, BDNF, Agrp, NPY, and Orexin receptor 2;

eee.nor-binaltorphimine (opioid receptor antagonist), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of PDYN and PENK;

fff. housing and cognitive enrichment, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of amygdala KOR and DOR
opioid receptors and NPY5R;

ggg.morphine, wherein optionally the first and second expression profile experiments assess the mRNA of at
least one gene selected from the group consisting of Mu receptors, Kappa receptors, PENK, PDYN, DYN,
Gpr88, Sgk, Cap1, PSD95, CamKIl, DRD1A, Grm5, Adora2a, Homer1, Cnr1, Gpr6, hsp90beta,
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hhh.morphine withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Mu receptors, POMC, orexin, PENK and

Alpha-synuclein;
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iii. —ethanol, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of Mu receptors, PENK, POMC, PDYN, cAMP-PKA, CART,
PNOC, OPRL-1, Drd2, all 8 GABA receptor subunits, 4 of 5 subunits of different glutamate receptors, and 7
enzymes involved with GABA and glutamate production (GAD-65, GAD-67, glutaminase, glutamate
dehydrogenase, glutamine synthetase, aspartate aminotransferase (cytosolic and mitochondrial),
cytochrome oxidase subunit Ill, Vic, ATP synthase subunits A and C, Na K ATPase subunit alpha 1and beta
)

jil. cocaine, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of Mu receptors, PENK, PDYN, micro-RNA miR-181a, NRXN3
beta expression, CART, En1, CD81, D3 receptor, Depamine receptors, ppDYN, DYN, Kappa Receptors,
micro-RNAs miR-124, BDNF, D3R, orexin, Nurr1, Pitx3 and tyrosine hydroxylase;

kkk. cocaine withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Mu receptors, PDYN, orexin, ppDYN and
PENK;

Il.  Amphetamine, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of PENK, PDYN, mGluR8, GluR1 and GIuR2;

mmm. amphetamine withdrawal, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of Mu receptors and PDYN;

nnn.Chronic nicotine treatment, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of Mu receptors, POMC, PDYN, c-Fos,
CREB phosphorylation, dopamine D2 receptor and tyrosine hydroxylase;

000.Alcohol cessation, wherein optionally the first and second expression profile experiments assess the mRNA
of at least one gene selected from the group consisting of delta receptor;

ppp.Cannabinoid agonists (THC, CP-55,940 or R-methanandamide), wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
PENK and POMC;

qqq.cannabinoid withdrawal, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of PENK;

rrr. Kappa receptor agonists (U-69593 or U-50,488H), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of PDYN;

sss. Methamphetamine, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of PDYN and TNF-alpha;

ttt. food (effects on hypothalamic FTO), wherein optionally the first and second expression profile experiments

assess the mRNA of at least one gene selected from the group consisting of FTO;
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uuu.Leucine, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of FTO;

vwv. dual orexin receptor antagonist (DORA) -antagonist of OX1R and OX2R, wherein optionally the first and
second expression profile experiments assess the mRNA of at least one gene selected from the group
consisting of

WWW. Aging, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of orexin-receptor 2;

xxx. CREB, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of

yyy. dopamine transporter (DAT - as influenced by overexpression or silencing in the nucleus accumbens),
wherein optionally the first and second expression profile experiments assess the mRNA of at least one
gene selected from the group consisting of

zzz. CREB, wherein optionally the first and second expression profile experiments assess the mRNA of at least
one gene selected from the group consisting of CART;

aaaa. deoxyribozyme 164 (DRz164) - cleaves Period 1 gene (Per1) mRNA. Injection with DRz164 before
morphine treatment, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of ERK and CREB;

bbbb. para-chloroamphetamine (depletes 5-HT), wherein optionally the first and second expression
profile experiments assess the mRNA of at least one gene selected from the group consisting of
glucocorticoid receptor and BDNF;

ceec. predisposition for obesity (normal diet), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of Galphaq, tyrosine
hydroxylase, VMAT2, DAT, and D2S presynaptic autoreceptor;

dddd. editing of serotonin 2C receptor mRNA (via ADAR enzyme), wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
SHT-2C;

eeee. Heroin, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of PENK, D2 receptor, DAT, Nurr1 and tyrosine
hydroxylase;

ffff. social isolation, wherein optionally the first and second expression profile experiments assess the mRNA of
at least one gene selected from the group consisting of D2 receptor;

gggg. HSV vector mediated elevations in GIuR1 or GIuR2, wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
GluR1 and GIuR2;
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hhhh. high or low consumption of sugar, wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of SHT2A, mGlu1,
AMPA, GIuR1, adrenergic alpha 2A, NMDA NR2B, GABA Alpha 3, adrenergic alpha2B, GluR2, GIuR3,
5HT1B and GABA alphab5;

iiii. Leptin receptor expression in VTA, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of

jiii. ethanol preference, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of Gsta4, FAAH and CB1;

kkkk. morphine response (mice), wherein optionally the first and second expression profile experimenfs
assess the mRNA of at least one gene selected from the group consisting of Atp | aw, COMT, Gabra |,
GABA-A, Gabra2, Grm7, Kenj 9, Syt4, Gfap, Mtap2, and Hprt |;

. psychostimulant (e.g. cocaine, amphetamine), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of CART, cAMP and
CREB;

mmmm, forskolin (intra-accumbal injection in rat), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of CART;

nnnn. intrastriatal infusion of cholinergic muscarinic antagonist, wherein optionally the first and second
expression profile experiments assess the mRNA of at least one gene selected from the group consisting of

0000. Delta-tetrahydrocannabinol, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of BDNF, zif268 and MAPK/ERK;

pPpPp. DeltaFosB, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of

49qq. Nandrolone decanoate, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of D2 receptor and D1 receptor;

rr. Voluntary wheel running in addicted Lewis rats, wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of

SSSS. Substance P (during morphine withdrawal), wherein optionally the first and second expression
profile experiments assess the mRNA of at least one gene selected from the group consisting of D2
receptor;

tttt. U99194A (D(3) dopamine receptor antagonist), wherein optionally the first and second expression profile
experiments assess the mRNA of at least one gene selected from the group consisting of c-Fos;

uuuu. cocaine, cocaine + nondrolone, or nandrolone alone, wherein optionally the first and second

expression profile experiments assess the mRNA of at least one gene selected from the group consisting of
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VWY, Dextromethorphan, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of tyrosine hydroxylase;

WWWW, Running, wherein optionally the first and second expression profile experiments assess the mRNA
of at least one gene selected from the group consisting of DYN, GIuR1, AMPA, NGFI-B and Nor1;

XXXX. Amitriptyline, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D1, D2 and D3 receptors;

YYYy. Desipramine, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D3 receptor;

2222. Imipramine, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D1, D2 and D3 receptors;

aaaaa. Tranylcypromine, wherein optionally the first and second expression profile experiments assess the
mRNA of at least one gene selected from the group consisting of D3 receptor;

bbbbb. electroconvulsive therapy, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of D3 receptor;

ceecc. Fetal alcohol syndrome, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of c-fos, c-jun, jun B, zif268 and
junB;

ddddd. S(-)- and R (+)- salsolinol, wherein optionally the first and second expression profile experiments
assess the mRNA of at least one gene selected from the group consisting of POMC and cAMP;

eeeee. peripheral nerve injury (unilateral chronic constriction of sciatic nerve), wherein optionally the first
and second expression profile experiments assess the mRNA of at least one gene selected from the group
consisting of tyrosine hydroxylase and DRD2; and

fffff. alcohol and splice variants, wherein optionally the first and second expression profile experiments assess
the mRNA of at least one gene selected from the group consisting of D2L/D2S receptor ratio and NMDA
NR1.
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