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Abstract: The Brain Reward Cascade (BRC) is an interaction
of neurotransmitters and their respective genes to control
the amount of dopamine released within the brain.
Any variations within this pathway, whether genetic
or environmental (epigenetic), may result in addictive
behaviors as well as altered pain tolerance. While there
are many studies claiming a genetic association with
addiction and other behavioral infractions, defined
as Reward Deficiency Syndrome (RDS), not all are
scientifically accurate and in some case just wrong. Albeit
our bias, we discuss herein the facts and fictions behind
molecular genetic testing in RDS (including pain and
addiction) and the significance behind the development
of the Genetic Addiction Risk Score (GARSPREDX™), the
first test to accurately predict one’s genetic risk for RDS.
Keywords: Reward Deficiency Syndrome, Brain Reward
Cascade, DRD2, Gene variations, Genetic Addiction Risk
Score

1 Introduction
In 1990 Blum’s laboratory at the University of Texas along
with Ernest Nobles’ group at UCLA discovered the first
genetic association with severe alcoholism, the Dopamine
D2 receptor gene located on chromosome 11 q22-q23[1].
This seminal work was published in the prestigious
Journal of the American Medical Association (JAMA) [2].
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The article was fraught with controversy from the scientific
community [3] but now almost a quarter of a century later
it has been globally confirmed, and it is considered a
major gene involved in all addictive behaviors (PubMed
5-27-15, 3905 searches).

2 Examples of Neurogenetics
Clark et al. [4] analyzed the role of rs1076560 in opioid
dependence by genotyping 1,325 opioid addicts.
rs1076560 was found to be nominally associated with
opioid dependence. However, when both opioidaddicted ancestral samples were combined, rs1076560
was significantly associated with increased risk for drug
dependence (p = 0.0038, OR = 1.29). Other examples
include the work of David’s group [5] and Lerman et
al. [6] showing the association of both the dopamine D2
transporter gene polymorphism as well as polymorphisms
of the DRD2 with nicotine addiction. [7, 8, 9] Gilbert
et al. [10] and Spitz et al. [11] found dopaminergic gene
polymorphisms with abstinence from smoking.
We believe these previous studies [1-3] laid down
the foundation for the subsequent development of the
field «Psychiatric Genetics». As expected, we now know
following thousands (15,074) of peer reviewed articles
that all addictive behaviors involve polygenic variants
including many single nucleotide polymorphisms (SNPs)
and even point-mutations such as the GABA (A) receptor
subtypes [12]. As a follow up to the original study one of us
(KB) coined the term Reward Deficiency Syndrome (RDS)
to help define not only drug, alcohol, food, and behavioral
addictions like gambling, sex etc., but to understand the
relationship of genetic risk [13, 14].
In terms of molecular genetic testing there are three
types of current interest. These include: Pharmacogenetics
(primarily evaluating metabolizing enzymes for high
and low metabolizers with for example opiates);
Genetic Addiction Risk Score (to determine through a
panel of reward gene polymorphisms stratification
risk or vulnerability to all RDS behaviors including
pain tolerance); and Pharmacogenomics (personalized
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addiction medicine based on genotyping an individual
and targeting specific gene loci).

3 Can we Predict Risk Using
Genetic Testing?
3.1 Pharmacogenetic Testing
Various alleles in the P450 system are currently utilized
in pain medicine clinics to evaluate metabolic concerns
to help identify high and low metabolizers. For the most
part this has not translated to significant clinical utility,
but may have some relevance in terms of buprenorphine/
naloxone treatments.

3.2 Genetic Addiction Risk Score
It is now known that in terms of nature (genes) and nurture
(environment) and behavioral outcome in homo sapiens
the contribution is 50% genes and 50% epigenetics.
Thus molecular genetic or DNA testing is very important
especially linking aberrant behaviors to any individual.
Blum’s laboratory proposed [15] that any disturbance
along this brain reward cascade due to either gene
variations (polymorphisms) or environment (epigenetics)
will result in aberrant addictive behaviors or RDS. In
spite of a global search to uncover specific or candidate
genes or even clusters of genes characterized from highdensity SNP arrays, it is well-known that many attempts
have not replicated or been inconclusive. However,
Palmer et al. [16] recently showed that between 25-36
percent of the variance in the generalized vulnerability
to substance dependence is attributable to common
single nucleotide polymorphisms. Moreover, the additive
effect of common single nucleotide polymorphisms is
shared across important indicators of comorbid drug
problems. Furthermore, as a result of these studies more
recent evidence has revealed that specific candidate gene
variants account for risk prediction.
Adopting a Bayesian approach, earlier studies from
Blum’s laboratory determined a Positive Predictive
Value (PPV) for the DRD2 A1 variant (low number of D2
receptors) of 74%, indicating that if a child is born with
this polymorphism they have a very high risk of becoming
addicted to either drugs, food, or aberrant behaviors at
some point in their future [14, 17,18] . Over the many years
to come since the 1990 finding, laboratories all across the
globe including NIDA and NIAAA not only confirmed this
early work [2] but extended the magnitude of many other

candidate genes, especially genes and second messengers
located in the reward circuitry of the brain [18].
Examples include, Moeller et al. [19] suggested that
drug cues contribute to relapse, and their neurogenetic
results have identified the DAT1R 9R-allele as a vulnerability
allele for relapse especially during early abstinence (e.g.,
detoxification). The DAT1 9 allele influences the fast acting
transport of dopamine sequestered from the synapse
leading to a hypodopaminergic trait.
It seems prudent to embrace genetic testing to reveal
reward circuitry gene polymorphisms especially those
related to dopaminergic pathways as well as opioid
receptor(s) as a way of improving treatment outcomes.
Understanding the interaction of reward circuitry
involvement in buprenorphine effects and respective
genotypes provide a novel framework to augment a
patient’s clinical experience and benefits during opioid
replacement therapy [20].
Dominion’s patented (patents pending and issued)
genetic risk score represents a panel of known reward
genes and associated risk polymorphisms providing
genetic risk for addiction and other behaviors including
medical monitoring and clinical outcome response.

3.3 Pharmacogenomics – Customized
Addiction Medicine
Along these lines in conjunction with one of us (KB) and
Gerald Kozlowski they developed the “Brain Reward
Cascade”(BRC) [21]. This concept served as a blue print
for how neurotransmitters interact in the reward system
of the brain. In addition, it has been firmly established
that respective reward genes that regulate these chemical
messengers ultimately control the amount of dopamine
released into not only the reward site but other regions of
the brain.
Moreover, it is well established that resting state
functional connectivity integrity is important for normal
homeostatic functioning. Zhang et al. [22] recently
showed that in heroin addicts there is reduced
connectivity between dorsal anterior cingulate cortex
(dACC) and rostral (rACC), as well as reduced connectivity
between subcallosal (sACC) and dACC. Their findings of
variations of functional connectivity in three sub-regions
of ACC in heroin addicts implied that these sub-regions
of the ACC together with other key brain areas (such as
dorsal striatum, putamen, orbital frontal cortex, dorsal
striatum, cerebellum, amygdala, etc.) potentially play
important roles in heroin addiction. Most recently Blum’s
laboratory along with Zhang’s group [23] in abstinent
heroin addicts showed that KB220Z™ a complex
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putative dopamine D2 agonist, induced an increase in
BOLD activation in caudate-accumbens-dopaminergic
pathways compared to placebo following one-hour acute
administration. Furthermore, KB220Z™ also reduced
resting state activity in the putamen of abstinent heroin
addicts. In the second phase of this pilot study of all
ten abstinent heroin-dependent subjects, three brain
regions of interest (ROIs) were observed to be significantly
activated from resting state by KB220Z™ compared to
placebo (P < 0.05). Increased functional connectivity
was observed in a putative network that included the
dorsal anterior cingulate, medial frontal gyrus, nucleus
accumbens, posterior cingulate, occipital cortical areas
and cerebellum. Utilizing DNA based testing successful
development of polymorphic gene testing enabled
customized (personalized) anti-obesity compounds. This
serves as the basis of futuristic personalized addiction
medicine utilizing Dominion’s Genetic Addiction Risk
Score.

3.4 Fiction
While there is a plethora of very positive experiments
involving thousands of studies for many candidate gene
associations with all RDS behaviors including pain, there
are also negative results [24-27]. Currently, a number
of companies have entered the genetic testing arena
in the addiction and pain industrial space claiming
“personalized care”. However, we believe these companies
have not done their homework in a scientific manner.
These issues include exaggerated claims such as using
Blum’s original work [13, 14] stating that their genetic test
is 74% predictive. This is indeed false because they use
one gene (DRD2) to back their claim and commercialize a
full panel of other candidate genes and never carried out
any outcome studies with their panel. Additionally, they
make other false claims suggesting that patient’s results
are compared to population controls. Review of their so
called «disease free» controls reveal significant flaws
especially in light of not controlling for a remarkable list
of RDS behaviors [28]. They would have to utilize what has
been termed “Super-Controls.” Simply stated population
controls may carry many invisible RDS behaviors that
must be identified so that the control would be RDS free.
Otherwise utilization will lead to spurious and false
results [29]. Another issue is that these companies have
selected genes that may be involved in risky behavior but
they do not utilize the correct variant in their tests or use
very rare variants that do not truly prove addiction risk.
Specifically, Mayer and Höllt [30] correctly proposed that
«the vast number of non-coding, intronic or promoter
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polymorphisms in the opioid receptors may influence
addictive behavior, but these polymorphisms are far less
studied, and their physiological significance remains to
be demonstrated.» Most importantly, these companies
have never performed research to show whether their
genetic full-panel test significantly predicts anything let
alone addiction risk or any associated behaviors.

3.5 Facts
While we the authors may have a personal bias because
over the many years that Blum’s laboratory has dedicated
work to develop an accurate genetic test to predict true
liability/risk for RDS and associated behaviors, we will
attempt to explain why our current laboratory testing site
has successfully developed the first Genetic Addiction Risk
Score (GARSPREDX™) in conjunction with the Institute of
Behavioral Genetics, University of Colorado, Boulder.
To develop GARSPREDX™ we first selected ten
reward candidate genes (DRD1, 2, 3, 4; DAT1; serotonin
transporter, COMT, MAO, GABA, Mu opiate receptor) and
a number of SNPs and point mutations that influence
the net release of dopamine at the brain reward site. The
variants or SNPs, including point-mutations, were chosen
to reflect a hypodopaminergic trait. In terms of validation
we partnered with the developers of the Addiction Severity
Index- Media Version (ASI-MV), a test mandated in 13
states, for both alcohol and drug severity risk scores [31].
We contacted eight very diverse treatment centers
across the United States resulting in a total of 393 subjects
that were genotyped using the selected GARSPREDX™
panel. All the data was genotyped and analyzed at the
Institute for Behavioral Genetics (IBG) at the University
of Colorado Boulder. Without going into specifics we
found a significant association between a summed score
of all GARS panel risk alleles (variant forms) and both
the ASI-MV alcohol (p<0.004) and drug (P<0.05) severity
indices in a total of 273 subjects.
In fact, the higher the number of risk alleles the
stronger the prediction of alcohol or drug use severity. It
was also found that family problems, psychological issues
and medicalization significantly correlated as well. One
important caveat was that if we changed any specific
SNP the significance was lost. This strongly suggests how
important the selected GARSPREDX™ panel is and any
deviation will produce false results that may occur with
other commercial tests that have no research to validate
their tests.
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4 Conclusion
In summary, based on this seminal research and unlike
other existing genetic tests we are poised to launch the
first proven and validated Genetic Addiction Risk Score
that will have important clinical benefits including
personalized medicine and assessment of RDS risk. The
test will also include the P450 system of genetic variants
that influence how individuals metabolize opioids [32].
Clinically, the future is here and the treatment of chronic
addiction and pain depends on scientifically sound
appropriate early genetic risk diagnosis leading to real
personalized (not fiction) care of the patient.
Funding: Rajendra D. Badgaiyan is supported by the
National Institutes of Health grants 1R01NS073884 and
1R21MH073624; and VA Merit Review Awards CX000479
and CX000780. Kenneth Blum is the recipient of a grant
from LifeExtension Foundation, Ft. Lauderdale, Florida
awarded to Path Foundation NY. The authors appreciate
expert edits by Margaret A. Madigan.
Conflict of Interest: Kenneth Blum, PhD through his
Company Synaptamine, Inc. owns patents related to
both pharmacogenetic testing, Genetic Addiction Risk
and Pharmacogenomic solutions for Reward Deficiency
Syndrome (RDS). Dr. Blum through IGENE LLC licensed
certain rights for the commercialization of GARS to
Dominion Diagnostics LLC. Through Synaptamine
Inc. Dr. Blum has licensed KB220Z to Victory Nutrition
International, LLC; RDSolutions System, LLC; and
Nupathways, Inc. Dr. Blum owns stock in Synaptamine Inc.
Victory Nutrition International, LLC; RDSolutions System,
LLC; and Igene LLC. Dr. Blum serves as Chief Scientific
Advisor of Dominion Diagnostics, LLC; Chief Scientific
Officer of RDSolutions System, LLC; Victory Nutrition
International, LLC; Nupathways Inc.; President & CEO of
Synaptamine INC.; Managing Partner of Igene, LLC. Mary
Hauser is Vice President of Dominion Diagnostics, LLC.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Author Contribution: The authors contributed equally.

References

[14]

[1]

[15]

[2]

Grandy DK, Litt M, Allen L, Bunzow JR, Marchionni M, Makam
H, Reed L, Magenis RE, Civelli O: The human dopamine D2
receptor gene is located on chromosome 11 at q22-q23 and
identifies a TaqI RFLP. Am J Hum Genet 1989, 45(5): 778-785.
Blum K, Noble EP, Sheridan PJ, Montgomery A, Ritchie T,
Jagadeeswaran P, Nogami H, Briggs AH, Cohn JB: Allelic

[16]

association of human dopamine D2 receptor gene in
alcoholism. JAMA 1990, 263(15): 2055-2060.
Conneally PM: Association between the D2 dopamine receptor
gene and alcoholism. A continuing controversy. Arch Gen
Psychiatry 1991, 48(8): 757-759.
Clarke TK, Weiss AR, Ferarro TN, Kampman KM, Dackis CA,
Pettinati HM, O’Brien CP, Oslin DW, Lohoff FW, Berrettini WH:
The dopamine receptor D2 (DRD2) SNP rs1076560 is associated
with opioid addiction. Ann Hum Genet 2014, 78(1): 33-39.
David SP, Strong DR, Munafò MR, Brown RA, Lloyd-Richardson
EE, Wileyto PE, Evins EA, Shields PG, Lerman C, Niaura R:
Bupropion efficacy for smoking cessation is influenced by the
DRD2 Taq1A polymorphism: analysis of pooled data from two
clinical trials. Nicotine Tob Res 2007, 9(12): 1251-1257.
Lerman C, Shields PG, Wileyto EP, Audrain J, Hawk LH Jr, Pinto
A, Kucharski S, Krishnan S, Niaura R, Epstein LH: Effects of
dopamine transporter and receptor polymorphisms on smoking
cessation in a bupropion clinical trial. Health Psychol 2003,
22(5): 541-548.
Perkins KA, Lerman C, Grottenthaler A, Ciccocioppo MM,
Milanak M, Conklin CA, Bergen AW, Benowitz NL: Dopamine and
opioid gene variants are associated with increased smoking
reward and reinforcement owing to negative mood. Behav
Pharmacol 2008, 19(5-6): 641-649.
Evans DE, Park JY, Maxfield N, Drobes DJ: Neurocognitive
variation in smoking behavior and withdrawal: genetic and
affective moderators. Genes Brain Behav 2009, 8(1): 86-96.
Ohmoto M, Takahashi T, Kubota Y, Kobayashi S, Mitsumoto Y:
Genetic influence of dopamine receptor, dopamine transporter,
and nicotine metabolism on smoking cessation and nicotine
dependence in a Japanese population. BMC Genet 2014, 15(1):
151.
Gilbert DG, Zuo Y, Rabinovich NE, Riise H, Needham
R, Huggenvik JI: Neurotransmission-related genetic
polymorphisms, negative affectivity traits, and gender predict
tobacco abstinence symptoms across 44 days with and without
nicotine patch. J Abnorm Psychol 2009, 118(2): 322-334.
Spitz MR, Shi H, Yang F, Hudmon KS, Jiang H, Chamberlain
RM, Amos CI, Wan Y, Cinciripini P, Hong WK, Wu X: Casecontrol
study of the D2 dopamine receptor gene and smoking status in
lung cancer patients. J Natl Cancer Inst 1998, 90(5): 358-363.
Reynolds LM, Engin E, Tantillo G, Lau HM, Muschamp JW,
Carlezon WA Jr, Rudolph U: Differential roles of GABA(A)
receptor subtypes in benzodiazepine-induced enhancement
of brain-stimulation reward. Neuropsychopharmacology 2012,
37(11): 2531-2540.
Blum K, Sheridan PJ, Wood RC, Braverman ER, Chen TJ, Cull JG,
Comings DE: The D2 dopamine receptor gene as a determinant
of reward deficiency syndrome. J R Soc Med 1996, 89(7):
396-400.
Blum K, Wood RC, Braverman ER, Chen TJ, Sheridan PJ: The D2
dopamine receptor gene as a predictor of compulsive disease:
Bayes’ theorem. Funct Neurol 1995, 10(1): 37-44.
Blum K, Oscar-Berman M, Demetrovics Z, Barh D, Gold MS:
Genetic Addiction Risk Score (GARS): molecular neurogenetics
evidence for predisposition to Reward Deficiency Syndrome
(RDS). Mol Neurobiol 2014, 50(3): 765-796.
Palmer RH, Brick L, Nugent NR, Bidwell LC, McGeary JE, Knopik
VS, Keller MC: Examining the role of common genetic variants
on alcohol, tobacco, cannabis and illicit drug dependence:



[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

Molecular Genetic Testing in Pain and Addiction: Facts, Fiction and Clinical Utility

genetics of vulnerability to drug dependence.Addiction 2015,
110(3): 530-537.
Ducci F, Goldman D: The genetic basis of addictive
disorders. Psychiatr Clin North Am 2012, 35(2): 495-519.
Blum K, Febo M, McLaughlin T, Cronjé FJ, Han D, Gold MS:
Hatching the behavioral addiction egg: Reward Deficiency
Solution System (RDSS)™ as a function of dopaminergic
neurogenetics and brain functional connectivity linking all
addictions under a common rubric. J Behav Addict 2014, 3(3):
149-156.
Moeller SJ, Parvaz MA, Shumay E, Beebe-Wang N, Konova
AB, Alia-Klein N, Volkow ND, Goldstein RZ: Gene x abstinence
effects on drug cue reactivity in addiction: multimodal
evidence. J Neurosci 2013, 33(24): 10027-10036.
Blum K, Oscar-Berman M, Jacobs W, McLaughlin T, Gold MS.
Buprenorphine Response as a Function of Neurogenetic
Polymorphic Antecedents: Can Dopamine Genes Affect Clinical
Outcomes in Reward Deficiency Syndrome (RDS)? J Addict Res
Ther. 2014:5.
Blum K, Kozlowski GP: Ethanol and Neuromodulator influences.
A cascade model of reward. In: Ollat H, Parvez S, Parvez H
(eds). Alcohol and Behaviour: Basic and Clinical Aspects
Progress in Alcohol Research. VSP International Science
Publishers, Utrecht, Netherlands, 1990:131-150.
Zhang Y, Gong J, Xie C, Ye EM, Jin X, Song H, Yang Z, Shao Y:
Alterations in brain connectivity in three sub-regions of the
anterior cingulate cortex in heroin-dependent individuals:
Evidence from resting state fMRI. Neuroscience 2015, 284:
998-1010.
Blum K, Liu Y, Wang W, Wang Y, Zhang Y, Oscar-Berman M,
Smolen A, Febo M, Han D, Simpatico T, Cronjé FJ, Demetrovics
Z, Gold MS: rsfMRI effects of KB220ZTM on neural
pathways in reward circuitry of abstinent genotyped heroin
addicts. Postgrad Med 2015, 127(2): 232-241.
Levey DF, Le-Niculescu H, Frank J, Ayalew M, Jain N, Kirlin B,
Learman R, Winiger E, Rodd Z, Shekhar A, Schork N, Kiefer F,

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

5

Wodarz N, Müller-Myhsok B, dahmen N, GESGA Consortium,
Nöthen M, Sherva R, Farrer L, Smith AH, Kranzler HR,
Rietschel M, Gelernter J, Niculescu AB: Genetic risk prediction
and neurobiological understanding of alcoholism. Transl
Psychiatry 2014, 4: e391.
Farris SP, Arasappan D, Hunicke-Smith S, Harris RA, Mayfield
RD: Transcriptome organization for chronic alcohol abuse in
human brain. Mol Psychiatry. 2014.
Yan J, Aliev F, Webb BT, Kendler KS, Williamson VS, Edenberg
HJ, Agrawal A, Kos MZ, Almasy L, Nurnberger JL Jr, Schuckit
MA, Kramer JR, Rice JP, Kuperman S, Goate AM, Tischfield JA,
Porjesz B, Dick DM: Using genetic information from candidate
gene and genome-wide association studies in risk prediction
for alcohol dependence. Addict Biol 2014, 19(4): 708-721.
Goldman D: Candidate genes in alcoholism. Clin Neurosci 1995,
3(2): 174-181.
Chen TJ, Blum K, Mathews D, Fisher L, Schnautz N, Braverman
ER, Schoolfield J, Downs BW, Comings DE: Are dopaminergic
genes involved in a predisposition to pathological aggression?
Hypothesizing the importance of “super normal controls”
in psychiatricgenetic research of complex behavioral
disorders. MedHypotheses 2005, 65(4): 703-707.
Neiswanger K, Kaplan BB, Hill SY: What can the DRD2/
alcoholism story teach us about association studies in
psychiatric genetics? Am J Med Genet 1995, 60(4): 272-275.
Mayer P, Höllt V: Pharmacogenetics of opioid receptors and
addiction. Pharmacogenet Genomics 2006, 16(1): 1-7.
Butler SF, McNaughton EC, Black RA: Tapentadol abuse
potential: a postmarketing evaluation using a sample of
individuals evaluated for substance abuse treatment. Pain
Med 2015, 16(1): 119-130.
Jannetto PJ, Bratanow NC: Pain management in the 21st
century: utilization of pharmacogenomics and therapeutic drug
monitoring. Expert Opin Drug Metab Toxicol 2011, 7(6): 745-752.

