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Abstract

α-Synuclein has recently been implicated in the pathophysiology of alcohol abuse due to its role

in dopaminergic neurotransmission. In these studies, genetic variability in the α-synuclein gene

influences its expression which may contribute to susceptibility to chronic alcohol abuse. Real-

time PCR was used to quantify α-synuclein mRNA expression in autopsy samples of human

dorsolateral prefrontal cortex. Because of the association between length of the α-synuclein-repeat

1 microsatellite marker and expression levels of the gene, this marker was genotyped in a

Caucasian sample of 126 controls and 117 alcoholics using capillary gel electrophoresis. The

allele and genotype frequencies of α-synuclein-repeat 1 marker differed significantly between

alcoholics and controls. Alcoholics had greater frequencies of the shortest allele found (267 bp).

The shortest allele of the α-synuclein-repeat 1 marker was associated with decreased expression of

α-synuclein in prefrontal cortex. Individuals with at least one copy of the 267 bp allele were more

likely to exhibit an alcohol abuse phenotype. These results suggest that individuals with the 267

bp allele may be at increased risk of developing alcoholism and that genetic variation at the α-

synuclein-repeat 1 locus may influence α-synuclein expression in the prefrontal cortex.

Keywords

human; mRNA; post-mortem; prefrontal cortex; SNCA-Rep1

INTRODUCTION

Alcoholism is a complex, multi-factorial disorder with substantial health, societal and

economic consequences worldwide. The World Health Organization estimates that alcohol

abuse contributes 4% to the global burden of disease and results in ~2 million deaths
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annually (WHO, 2004). The cost to society associated with excessive alcohol consumption,

including lost productivity, health-care costs, road accident-related costs and crime-related

costs was estimated to be $15 billion in 2004–05 in Australia alone (Collins and Lapseley,

2008). Up to 10% of the population is drinking at hazardous or harmful levels that

exacerbate the deleterious effects of alcohol on the brain (AIHW, 2008).

Both genetic and environmental factors influence the complex etiology and pathophysiology

of alcohol abuse. Family, adoption, and twin studies provide estimates for an alcoholism

heritability of ~50% (Ducci and Goldman, 2008; Mayfield et al., 2008). Large-scale linkage

and association studies have identified many genetic variants that influence the risk of

alcoholism and related phenotypes (Ducci and Goldman, 2008; Mayfield et al., 2008). It is

likely that several genes contribute to each phenotype. Genes that modify tolerance, acute

sensitivity to intoxication, dependence, and craving may alter an individual’s susceptibility.

Genetic factors may also underlie the neuroadaptive changes that occur in response to

chronic alcohol abuse. Alcohol acts on a number of neurotransmission-associated molecular

targets, and affects many different cellular processes. Although many candidate genes have

been identified, only a few have functional loci that moderate the effects of alcohol.

Understanding neurotoxic mechanisms associated with alcohol abuse are key to developing

treatment strategies and identifying new therapeutic targets.

Whole-genome linkage analyses have mapped alcohol dependence and related phenotypes

to a region on chromosome 4 containing a cluster of genes for alcohol dehydrogenase

(ADH1B and ADH1C) and α-synuclein (SNCA) (Ehlers et al., 2004; Reich et al., 1998;

Saccone et al., 2000; Williams et al., 1999). The syntenic chromosomal region in rats

selectively bred for high alcohol preference has been linked to a quantitative trait locus

(QTL) for alcohol consumption (Liang et al., 2003) and congenic rats with this QTL exhibit

lowered expression for α-synuclein particularly in the frontal cortex (Liang et al., 2010).

The SNCA gene is highly polymorphic, and the association between sequence variation in

SNCA and neurodegenerative disorders such as Parkinson’s disease has been well

documented. Sequence variation occurs within the coding region as well as in the α-

synuclein-repeat 1 (SNCA-Rep1) microsatellite ~10 kb upstream from the translation start

site (Touchman et al., 2001). The latter has five known alleles with a varying number of di-

nucleotide repeats that range in size from 265 to 273 bp. Recent studies have shown that the

length of the SNCA-Rep 1 allele, as well as polymorphisms in the 5′- and 3′-untranslated

region (UTR) of the gene influence its expression levels in brain and blood (Fuchs et al.,

2008; Linnertz et al., 2009; McCarthy et al., 2011). Furthermore, polymorphisms in the

SNCA gene are associated with alcohol-use phenotypes, including alcohol dependence and

craving (Bonsch et al., 2005a). Single-nucleotide polymorphisms (SNPs) in the gene are

associated with alcohol dependence: a haplotype block in the 3′UTR is more abundant in

individuals who crave alcohol (Foroud et al., 2007).

This study investigated the expression level of the most abundant α-synuclein transcript in

the frontal cortex of human alcoholics and controls and used a case-control approach to

determine the influence of the SNCA-Rep1 microsatellite repeat on the expression level of

the gene.
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MATERIALS & METHODS

Sample population

Ethical clearance for the project was obtained from the Griffith University Human Ethics

Committee (MSC/02/06/HREC). Alcoholics and controls were selected on the basis of

alcohol intake. Alcoholics were subdivided based on the presence of complicating diseases.

Controls were defined as individuals who consumed less than 20 g of ethanol per day on

average. Alcoholics were defined by National Health and Medical Research

(NHMRC)/WHO criteria as individuals who consumed more than 80 g of ethanol per day

for most of their adult lives. Many of the alcoholics used in this study had consumed over

200 g of ethanol per day and had been drinking for over 20 years. The alcoholic group

includes alcoholics with pathologically confirmed cirrhosis of the liver. Cases with a history

of poly-drug abuse or other neurological conditions such as Parkinson disease, Wernicke

Korsakoff syndrome or Hepatic Encephalopathy were excluded.

Expression studies were performed on cohort of individuals for whom brain tissue was

available. Alcoholics and controls were matched as closely as possible for post mortem

interval (PMI), gender and age at death. Total RNA was isolated from the dorsolateral

prefrontal cortex (Brodmann areas 6 and 8) of 25 controls (mean age 59.0 ± 2.8 y, PMI 31.3

± 4.8 h) and 35 alcoholics (mean age 52.5 ± 2.6 y, PMI 28.7 ± 3.2 h). These individuals

were a subset of those used for genotyping studies.

For genotyping studies, a more extensive population was used to determine which alleles

were most frequent in our Australian population. This study population consisted of 126

controls (45 female, 81 male, mean age 63.3 ± 1.6 y) and 117 alcoholics (22 female, 95

male, mean age 56.2 ± 1.4 y). Alcoholics were defined according to the World Health

Organization/National Health and Medical Research Council (WHO/NHMRC) criteria by a

consumption > 80 g of ethanol per day for most of their adult lives; controls consumed < 20

g ethanol per day. All individuals were Caucasians of European origin.

Expression analysis

Total RNA was extracted from the dorsolateral prefrontal cortex using Trizol™ (Gibco BRL,

Invitrogen, Mt Waverley, Vic, Australia) according to the manufacturer’s instructions.

The RNA was then dispensed in 20 μL aliquots and stored at −70°C until required. RNA

quantity was measured by absorbance at 260 nm using a Nanodrop (Thermo Scientific,

Waltham, MA, USA). The quality of all RNA samples was determined by visual inspection

of electropherograms produced by the Agilent 2100 bioanalyzer (Agilent Technologies, Palo

Alto, CA). The presence of distinct 18S and 28S ribosomal peaks and the absence of

multiple peaks corresponding smaller RNA fragments were indicative of high-quality total

RNA samples. Degraded samples characteristically show a decreased 28S rRNA peak area,

a rise in the baseline between the 18S and 28S rRNA and an increase in the baseline area

below the 18S rRNA that spreads with smaller 28S rRNA fragments. Samples which show

degradation on the electropherogram are excluded from further study. Samples were

reverse-transcribed as previously described (Ho et al., 2010; MacKay et al., 2011).
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Primers were designed using Primer Express® v1.5 Software (Applied Biosystems) and

synthesized by Sigma-Aldrich P/L (Castle Hill, NSW, Australia). Each primer set was

verified for specificity using the Basic Local Alignment Search Tool (BLAST) from the

GenBank non-redundant nucleotide sequence database (Altschul et al., 1997). All assays

were designed such that at least one primer spanned an exon boundary to eliminate gDNA

amplification. Primer sequences are shown in Table 1.

Quantitative real-time PCR was carried out using a Qiagen Rotor-Gene Q System. Each

PCR consisted of 2 μL of a 1/50 dilution of cDNA, 10 μL SYBR® Green PCR Master Mix

(Biorad, Australia), and 300 nM of each primer pair in a final volume of 20 μL.

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal reference.

All reactions were performed in duplicate. Primer pairs were optimized according to the

method outlined in Livak et al (Livak and Schmittgen, 2001) to ensure that the primer

efficiencies were similar. The primer efficiencies for GAPDH and α-synuclein primer pairs

were 1.92 and 1.93 respectively.

The amplification plot of fluorescence vs. cycle number was used to set the threshold (T) in

the exponential phase of the reaction above the baseline. This was kept constant between

runs to allow for analysis between plates. The cycle threshold (CT) was calculated as the

cycle number of an amplifying PCR product where it crosses the fixed threshold line. The

differences in the mean CT values of the duplicate samples from the GAPDH reference were

calculated using Microsoft Excel to give ΔCT values. ΔCT values were used for statistical

analysis (Ho et al., 2010; MacKay et al., 2011; Ridge et al., 2008) relative expression values

are presented as 2−ΔCT values (Livak and Schmittgen, 2001) plotted in GraphPad v5

(GraphPad Software Inc, La Jolla, CA, USA).

DNA Extraction and Genotyping

Genomic DNA (gDNA) was extracted from human brain tissue by phenol/chloroform

extraction followed by ethanol precipitation (Sambrook et al., 1989).

Published primers were used for the microsatellite marker SNCA-Rep1 (Xia et al., 1996). A

fluorescent 6-FAM labeled forward primer and an unlabeled reverse primer were obtained

from Sigma Genosys (Castle Hill, NSW, Australia). SNCA-Rep1 was genotyped using PCR

and fluorescent capillary-gel electrophoresis. PCR was carried out using the Mastercycler®

ep gradient S (Eppendorf, North Ryde, NSW, Australia). For each sample, 20 ng of gDNA

was amplified with 1x Colourless GoTaq® Flexi buffer, 2.5 mM MgCl2, 0.1 mM dNTPs,

and 0.5 U of GoTaq® Flexi Hot Start DNA Polymerase (Promega, Annandale, NSW,

Australia), with 0.18 μM each of forward and reverse primers in a final volume of 25 μL.

Cycling conditions were: 95°C for 10 min, then 40 cycles of 95°C for 30 s, 58°C for 30 s

and 72°C for 30 s followed by a final extension of 72°C for 5 min and 4°C for 5 min.

Random samples of PCR product (6 μL) from each plate were electrophoresed on 3%

agarose gels for 30 min at 90 V to confirm fragment size.

Following amplification, 0.5 μL of the PCR product was combined with 9.25 μL Hi-Di™

Formamide and 0.25 μL GeneScan™-500 LIZ™ size standard 1/10 dilution (Applied

Biosystems, Mulgrave, Vic, Australia) in a final volume of 10 μL and run on an Applied
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Biosystems Hitachi ABI-3130 Genetic Analyzer. GeneMapper® software v4.0 (Applied

Biosystems) was used to determine genotype; all alleles were verified manually.

Statistical Analyses

Only three of the known SNCA-Rep1 alleles were detected: 267, 269 and 271 bp. These

were used to determine genotype frequencies. GENEPOP v4.0.10 (1995) online software

was used to determine if the SNCA-Rep1 genotype frequencies were in Hardy-Weinberg

Equilibrium (HWE) (Raymond and Rousset, 1995). A HWE exact probability test for

multiallelic markers using Markov chain sampling was performed on the control samples.

SNCA-Rep1 genotype data were analyzed using CLUMP v2.3 (Sham and Curtis, 1995).

Subjects with an identified genotype (v.i.) were assigned a value of 1 and termed the risk

group; all other genotypes were assigned the value 0 and termed the no-risk group. Logistic

regression was performed using SPSS. The model was adjusted for confounding factors such

as gender and age.

RESULTS

Analysis of relative expression levels using real-time PCR data is critically dependent on

using a housekeeping gene that does not differ in its expression between cases and controls.

Previous studies have identified GAPDH to be the most appropriate housekeeping gene for

these studies (Ho et al., 2010). Accordingly, the expression of GAPDH was measured using

real-time PCR in each sample included in this study. Analysis of the raw CT values showed

no significant differences in the expression of GAPDH between controls and alcoholics

similar to previous expression studies using the same tissue samples (F1,58 = 0.274, P =

0.63) (Ho et al., 2010; MacKay et al., 2011).

We measured the expression of the most abundant α-synuclein mRNA transcript which

encodes the wildtype SNCA140 variant, in the dorsolateral prefrontal cortex of chronic

alcoholics as well as age- and sex-matched controls using real-time PCR. The prefrontal

cortex is particularly susceptible to alcohol-induced neuronal loss compared with other

cortical regions. Overall, alcoholics had lower α-synuclein expression than controls in this

brain region (ANOVA, F1,58 = 6.493; P = 0.013; Figure 1). There was no significant

difference in expression between males and females overall (F1,58 = 0.71, P = 0.79).

However, when SNCA expression was compared in males and females separately, SNCA140

expression was significantly lower in male alcoholics (N=21) than in male controls (N = 12;

F1,31 = 5.63, P = 0.024). However, the difference between female controls (N=13) and

female alcoholics (N=14) was not significantly different (F1,25 = 1.70, P = 0.20) likely due

to reduced case numbers and a high degree of variability in the data.

Since SNCA-Rep1 genotype influences the transcription of the SNCA gene in cell-culture

studies (Chiba-Falek and Nussbaum, 2001), we analyzed the allele and genotype frequencies

of SNCA-Rep1 in a case-control study. Table 2 shows the genotype and allele frequencies

for this marker. No subject in this population had a 265 bp or 273 bp allele. The most

common allele in both alcoholics and controls was allele 2 (269 bp). The frequency of the

267 bp allele was higher in alcoholics than in controls, whereas the frequencies of the 269

and 271 bp alleles were lower in alcoholics than in controls. All six of the possible

Janeczek et al. Page 5

Addict Biol. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



genotypes were observed. Alcoholics had a higher frequency of the 267/267 bp and 267/269

bp genotypes than controls. The population was in HWE (P = 0.149).

The χ2 values and associated P values for SNCA-Rep1 from CLUMP analysis are shown in

Table 2. A significant difference in genotype and allele frequency was seen between

controls and alcoholics. From the preliminary statistical analysis, the SNCA-Rep1 267 bp

allele was identified as a potential risk allele for alcohol abuse. Logistic regression showed

that subjects with at least one copy of the SNCA-Rep1 267 bp allele were more likely to

have been alcohol abusers (Adjusted odds ratio (ORadj) = 2.21, df = 1, P = 0.012; 95%

confidence interval (CI) = 1.19–4.11).

To investigate the influence of SNCA-Rep1 genotype on α-synuclein expression,

comparisons of expression levels were made between individuals with and without the 267

bp allele. Individuals with at least one copy of the 267 bp allele showed significantly lower

expression of α-synuclein in the prefrontal cortex (Figure 2). Of the 25 control individuals,

18 had the no risk allele (72%) and 7 had the risk allele (28%) and of the 35 alcoholics, 12

had the no risk allele (34.3%) and 23 had the risk allele (65.7%).

DISCUSSION

We found that the expression of α-synuclein is significantly reduced in the dorsolateral

prefrontal cortex of alcoholics compared with controls. Previous studies have shown that the

expression of this gene can be correlated with the length of the SNCA-Rep1 microsatellite

marker, with greater expression in individuals who have the longer alleles. Thus, we

investigated the association between the SNCA-Rep1 microsatellite repeat marker and

alcohol abuse phenotype, and the effect of SNCA-Rep1 genotype on α-synuclein mRNA

expression in this brain region.

We detected only three SNCA-Rep1 alleles in our study subjects, of lengths 267, 269, and

271 bp, suggesting that this cohort, which is of northern European and Anglo-Celtic descent,

may have lower allelic variability than some others. In particular, no individual in our study

had a 273 bp allele, which has previously been associated with alcohol dependence (Bonsch

et al., 2005a; Chiba-Falek and Nussbaum, 2001; Clarimon et al., 2007). In contrast,

alcoholics studied here showed a higher frequency of the shortest allele (267 bp), as well as

the 267/267 bp and the 267/269 bp genotypes, than controls. Furthermore, individuals with

at least one copy of the SNCA-Rep1 267 bp allele were over twice as likely as controls to

have abused alcohol. Studies using in vitro models have shown that the expression of α-

synuclein is correlated with the length of SNCA-Rep1 allele, with longer alleles associated

with increased expression (Chiba-Falek and Nussbaum, 2001). Genetic variation in the 5′-

and 3′-UTRs of the SNCA gene has also been correlated with altered expression levels in

human brain (Fuchs et al., 2008; Linnertz et al., 2009) although the direction of change (up-

or down-regulation) is dependent on the specific polymorphism studied and also on brain

region. The results presented here are the first to determine the role of genetic variation in

the SNCA gene on the expression levels of α-synuclein in the brain of human alcoholics. In

previous studies, Bonsch et al (Bonsch et al., 2005b) showed that alcohol-dependent

individuals had longer SNCA-Rep1 alleles than controls and that the length of these alleles
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were associated with increased expression of α-synuclein mRNA in formed elements in the

blood. In our population, alcoholics had lower α-synuclein mRNA expression than controls

in the prefrontal cortex, and subjects with at least one copy of the SNCA-Rep1 267 bp risk

allele had lower expression, suggesting that alcoholics may express lower levels of α-

synuclein constitutively as a result of their SNCA-Rep1 genotype. Our results are similar to

recently published findings which show that alcohol-naïve inbred alcohol-preferring rats

have lower expression levels of SNCA transcripts in the frontal cortex compared with

congenic P.NP rats in which the alcohol preferring QTL on chromosome 4, which contains

the SNCA gene, was replaced by the equivalent QTL from the inbred nonpreferring rat line

(Liang et al., 2010). Interestingly, the difference in expression was specific for the frontal

cortex and emphasizes the need for further studies on the role of α-synuclein in the

pathophysiology of chronic alcohol abuse. These data also call into question whether SNCA

transcript expression in blood cells accurately reflects expression in the brain. Further

studies will need to obtain both blood and cortical samples from the same subjects.

The full range of functions of α-synuclein is unknown, although there is strong evidence

that it has roles in dopaminergic transmission (Perez et al., 2002), synaptic dopamine

homeostasis (Lotharius et al., 2002), regulation of dopamine storage in vesicles and release

into the synapse, and dopamine reuptake into dopaminergic neurons (Sidhu et al., 2004).

Polymorphisms that affect the expression of α-synuclein could thus interfere with some or

all of these processes. Lee et al (Lee et al., 2001) showed that α-synuclein increases the

uptake of dopamine and dopamine-induced apoptosis through its binding and functional

coupling to the dopamine transporter. A decrease in α-synuclein might affect the re-uptake

of dopamine, possibly thereby altering neuronal signaling. Self and Nestler (Self and

Nestler, 1998) suggest that dopaminergic transmission is the main mediator of craving,

withdrawal, and the reinforcement pathways in alcohol addiction. Altered expression ofα-

synuclein could have effects on neuronal plasticity and dopaminergic reward pathways.

These pathways project to the dorsolateral prefrontal cortex, a key area for the executive

functions that are disrupted in severe chronic alcohol misuse in human subjects (Koob and

Volkow, 2010). There are complex, sometimes reciprocal, interactions between α-synuclein,

dopamine, and GABA-mediated transmission in forebrain pathways related to addiction

(Hemby, 2004; Rideout et al., 2003; Wu et al., 2010). Our studies have shown that changes

in the expression of GABAA subunit transcripts are among the most marked alterations in

human alcoholic prefrontal cortex (Buckley and Dodd, 2004; Dodd and Lewohl, 1998;

Lewohl et al., 1997a, b; Lewohl et al., 2001) and that these effects may be moderated by

genotype, including polymorphisms in the dopamine receptor DRD2 gene (Buckley et al.,

2006; Dodd et al., 2004). GABAA receptor and SNCA genes cluster in a region associated

with alcohol abuse (Edenberg and Foroud, 2006). Together these interrelationships may

contribute to pathogenesis in this critical cortical region (Kril et al., 1997).

In conclusion, we report the expression of α-synuclein is significantly reduced in the

dorsolateral prefrontal cortex of alcoholics consistent with alterations in dopaminergic

signaling and reuptake. We also report a significant association between the frequency of the

267 bp allele of SNCA-Rep1 and alcohol abuse, and propose that this allele may increase the

risk for the development of alcohol abuse. The increased prevalence of the allele was
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associated with lower expression levels of α-synuclein. Further studies on the expression of

β- and γ-synuclein transcripts, as well as the relevant proteins, will shed further light on the

involvement of this family in mediating the pathological effects of chronic alcoholism.

Future studies should also investigate the effects of other polymorphisms in the SNCA gene,

particularly in the 3′ UTR, on the expression of the gene and their association with chronic

alcohol abuse.
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Fig. 1.
Expression of α-synuclein mRNA in controls and alcoholic cases. ΔCT values were

converted to 2−ΔCT values. Data is presented as a box plot showing the range of values from

the 25th percentile to the 75th percentile with a line representing the median value. A

significant reduction in gene expression was observed in the prefrontal cortex of alcoholics

compared with controls (ANOVA, F1,58 = 6.493; P = 0.013).
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Fig. 2.
Effect of SNCA-Rep1 genotype on α-synuclein mRNA expression. ΔCT values were

converted to 2−ΔCT values.. Data is presented as a box plot showing the range of values from

the 25th percentile to the 75th percentile with a line representing the median value. ‘No risk’

denotes individuals without a copy of the SNCA-Rep1 267bp risk allele and ‘Risk’ denotes

individuals with at least one copy of the 267 bp risk allele. A significant reduction in gene

expression was observed in the ‘risk’ allele group compared with those in the ‘no risk’ allele

group(ANOVA, F1,58 = 13.399; P = 0.001).
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Table 1

Primer Sequences

Target Method Primer Sequence

SNCA-Rep1 PCR
Forward: 5′-[6FAM]CCTGGCATATTTGATTGCAA-3′

Reverse: 5′-GACTGGCCCAAGATTAACCA-3′

α-synuclein qPCR
Forward: 5′-GTGTGGCAACAGTGGCTGAG-3′

Reverse: 5′-TGGGGCTCCTTCTTCATTCTTG-3′

GAPDH qPCR
Forward: 5′-TGCACCACCAACTGCTTAGC-3′

Reverse: 5′-GGCATGGACTGTGGTCATGAG-3′
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