OBO3PEHUE IICUXVATPUN U MEIUIIMHCKON IICUXOJIOTUM Ne 4-1, 2019

HUccneoosanus

DOI : 10.31363/2313-7053-2019-4-1-36-38

Dopamine Genetics:
Substance Use Disorders vs. Parkinson’s Disease

Carl Lin Z.', Hall ES.?, Bell RL.?
"Laboratory of Psychiatric Neurogenomics at McLean Hospital, and Department of Psychiatry,
Harvard Medical School, MA, USA
“Department of Pharmacology and Experimental Therapeutics, College of Pharmacy and Pharmaceutical Sciences,
University of Toledo, Toledo, OH, 43537, USA
*Department of Psychiatry, Institute of Psychiatric Research, Indiana University School of Medicine,
Indianapolis, IN, 46202, USA

Summary. It is established that Substance use disorders (SUDs) and Parkinson’s Disease (PD) among many
other neuropsychiatric disorders are dopamine (DA)-related brain disorders with strong heritability. However,
it is unclear whether DA-associated genetic risks share commonality across these disorders. This study utilizes
the Genotype and Phenotype Database (dbGaP), by downloading related genome-wide association studies
(GWAS) for individual genotype/phenotypes. According to our results DA pathways are significantly implicated
in the genetic etiology of both SUDs and PD but much more in the former. Epistatic effects may represent a
major portion of missing heritability observed in current main effect-oriented GWAS analyses.

Keywords: disease-specific, epistasis, genetic etiology, missing heritability, neuropsychiatric disorders,
pathways.
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Pestome. YCTaHOBJIEHO, YTO PACCTPOIICTBA, CBSI3AHHBIE C YIOTpeOIeHNeM IICMX0aKTUBHBIX BelecTB (SUDs)
n 6onesnp Ilapkmucona (PD), cpeny MHOIMX APYTUX IICUXOHEBPOJIOTMYECKMX PACCTPONCTB SIBMISIOTCS CBsI-
3aHHBIMU ¢ fodamuHom (DA) paccTpoiicTBaMy rOTOBHOTO MO3ra C BBICOKMM YpOBHEM HaciefyeMocTu. Tem
HEe MeHee, HEsICHO, MMEIT 1M 3TU 3ab0meBaHus oOuue MeXaHU3Mbl GOPMMUPOBAHNS T€HETUYECKUX PICKOB.
B sTOM mccnenoBaHMy MCIHONMb3YeTCsl 6a3a maHHBIX reHoTunoB 1 ¢enorunos (dbGaP) mytem sarpysku cBs-
3aHHBIX MCCIIEOBaHMII TeHOMHBIX accormanuii (GWAS) s otnenbHbIx reHoTunos / ¢erotunos. CormacHo
HAllM pes3y/nbTaTaM, fodaMuHIprudeckas HellpoMefManys B 3HAUMTENIbHON CTEIeHM BOBJIeYeHa B IeHETH-
yeckyto atuonoruio kak SUD, tak u PD, Ho ropasgo 6onbliie B IepBOM CrIydae.

Kntouesvie cnoea: 6one3np-crennuyHblil, SIMCTa3, TeHETHYECKas ITUONOINS, IPONYILIeHHAs Hac/ef-
CTBEHHOCTb, HEMPOICUXMATPUIeCKue 3a00meBaHms, Iy TiH.

BACKGROUND
Substance use disorders (SUDs) are the leading

(5 genes), an uptake modulator (alpha-synuclein:
SNCA), and transcription factors (7 genes) [11, 12].

cause of chronic diseases, generating enormous
global economic burden [1-4] and are a major

MATERIALS & METHODS

public health concern.[5-9] Unfortunately, there are
few clinically accepted medications to treat SUDs.[4]
It is established that SUDs and Parkinson’s Disease
(PD) among many other neuropsychiatric disorders
are dopamine(DA)-related brain disorders with strong
heritability.[10] However, it is unclear whether DA-
associated genetic risks share commonality across
these disorders.

AIM

Determine whether these neuropsychiatric disor-
ders have common risks in DA-associated genes, in-
cluding DA synthesis (2 genes), metabolism (2 genes),
receptors (DRs, 5 genes), monoamine transporters

This study utilizes the Genotype and Phenotype
Database (dbGaP), by downloading related genome-
wide association studies (GWAS) for individual geno-
type/phenotypes. First, genomic controlling was per-
formed to ensure unrelatedness among subjects[13];
secondly, linkage-based imputation procedures were
conducted to capture genotypes for these 22 DA sys-
tem genes including serotonin and norepinephrine
transporters’ genes as controls; thirdly, association
analyses for main effects and Logistic regression-
based epistasis analyses for intergenic effects on neu-
ropsychiatric etiologies; and, finally meta-analyses of
these association results. Genetic manipulations of
gene activity in animal models were carried out to
determine causality of these genetic associations.
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RESULTS

Overall three SUD GWAS datasets and three PD
datasets were utilized for the meta-analysis. After ge-
nomic and quality control, data from more than 6500
unrelated subjects with each disease were used in the
analysis.

Specifically data from four SUD [12] cohorts
were obtained from the three datasets: Collabora-
tive Study on the Genetics of Alcoholism (COGA,
dbGaP accession#: phs000125.v1.pl), Study of Ad-
diction: Genetics and Environment (SAGE, poly-
substance abuse but mainly with cigarette smoking,
dbGaP accession#: phs000092.v1.p1), and the Aus-
tralian twin-family study of alcohol use disorder
(OZALC, dbGaP accession#: phs000181.v1.p1l). After
COGA data quality control (QC), data from the US
Caucasians of European (EA) descent and African
Americans (AA) were split into these 2 separate eth-
nic cohorts. Individuals found in both the COGA
and SAGE studies, were removed from the SAGE
datasets. The OZALC study used family genotype
but only unrelated individuals were extracted for the
purpose of epistasis analysis. After QC, data from
6,596 subjects remained: 1,368 from COGA_EA, 753
from COGA_AA, 2,063 from the OZALC study, and
2,412 from the SAGE study.

Data from three PD[14] cohorts were screened
[phg000126.v1.p1 (CIDR), phs000089.v3.p2 (NINDS),
and phs000196.v2.p1 (NGRC)]. Cohort composition
included CIDR (900 cases and 867 controls); NINDS
(940 cases and 801 controls); and NGRC (2013 cases
and 1995 controls). After QC, the CIDR dataset in-
cluded 770 cases and 783 controls; the NINDS dataset
included 716 cases and 673 controls; and the NGRC
dataset included 2000 cases and 1986 controls, for a
total of 6,533 unrelated subjects.

After initial analyses, only one of the 22 genes,
SNCA, showed a significant main effect for PD which
is consistent with the established literature. After Bon-
ferroni corrections, none of the target genes resulted
in a significant main effect for SUDs. However, epis-
tasis analysis uncovered extensive and significant as-
sociation signals between gene variants and SUDs or,
to less extent, PD.

For SUDs, the strongest significant interaction was
SNCA with the developmentally expressed vesicular
monoamine transporter 1 gene SLCI8AI and our
recently discovered TFs. The greatest number of sig-
nificant interactions were between the DA transporter
gene SLC6A3 and 21 of the 22 genes including two
DR genes, DRD3 and DRD5. For PD, DRD3 interacted
with the tyrosine hydroxylase gene TH and the dopa-
decarboxylase gene DDC; SLC6A3 interacted with 6
of the 22 target genes. Interestingly, the interaction
between DRD3 and the NET gene (SLC6A2) was im-
plicated in both diseases. Importantly, the significant
association between SLC6A3 and SUD was confirmed
by findings from mouse modeling.[14]

CONCLUSIONS

DA pathways are significantly implicated in the
genetic etiology of both SUDs and PD but much more
in the former. Epistatic effects may represent a ma-
jor portion of missing heritability observed in current
main effect-oriented GWAS analyses.
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