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Abstract 

The pathophysiology of alcohol addiction is still unknown. Current research is focusing 

on understanding the mechanisms involved in the neurotoxic effects of ethanol on the 

brain and the genetic risk factors associated with alcohol misuse. The prefrontal cortex 

is particularly susceptible to neurotoxic damage, and neuronal loss in this region has 

been associated with long-term alcohol misuse. As the prefrontal cortex is involved in 

the development and persistence of alcohol addiction, ethanol induced neurotoxic 

damage in this region is likely to amplify the reinforcing effects of alcohol. α-Synuclein 

(SNCA), a protein abundantly expressed in neurons and involved in the dopaminergic 

reward pathway, has a well-established role in neurodegenerative and 

neuropsychological disorders, and is a candidate gene for alcohol misuse. Changes to α-

synuclein expression may therefore have severe consequences on these key pathways 

and may increase susceptibility to alcohol addiction. This thesis investigated the 

regulation of α-synuclein expression and its potential role in the pathophysiology of 

chronic alcohol misuse.  

The five aims addressed were; 1) to determine if any of the alleles of the α-synuclein-

repeat 1 (SNCA-Rep1) microsatellite marker were associated with changes in α-

synuclein expression in human brain and if this increased the individual’s susceptibility 

to alcohol misuse; 2) to measure expression levels of three α-synuclein variants, SNCA-

140, SNCA-112 and SNCA-115 in the prefrontal cortex of alcoholics and controls and 

determine if candidate single nucleotide polymorphisms (SNPs) in the α-synuclein gene 

were associated with changes in expression and could be deemed risk alleles; 3) to 

determine if expression levels of microRNAs (miRNAs) predicted to target the α-

synuclein 3ʹ-untranslated region (3ʹ-UTR) were different in the prefrontal cortex of 
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human alcoholics compared to controls; 4) to investigate the miRNA:target interactions 

between four alcohol responsive miRNAs; miR-7, miR-153, miR-144 and miR-203 

with the α-synuclein 3ʹ-UTR; and 5) to determine if the three α-synuclein splice variants 

were differentially expressed following ethanol treatment using a cell culture model. 

Determining the mechanisms of α-synuclein regulation in the brain will lead to 

understanding the role of α-synuclein in alcohol addiction and other neurodegenerative 

diseases.  

The work presented in chapter 3 investigated the effect of genetic variability in the α-

synuclein gene on its expression and whether this contributed to the susceptibility of an 

alcohol misuse phenotype. The length of the SNCA-Rep1 marker has previously been 

associated with expression levels of α-synuclein. Real-time PCR was used to measure 

α-synuclein mRNA expression of the wildtype SNCA-140 variant in autopsy samples of 

human prefrontal cortex. Capillary gel electrophoresis was used to genotype a 

Caucasian sample of 126 controls and 117 alcoholics for the SNCA-Rep1 marker. 

Alcoholics had a greater frequency of the shortest allele (267 bp) which was associated 

with reduced expression of α-synuclein in prefrontal cortex and individuals with at least 

one copy of the 267 bp allele were more likely to show an alcohol misuse phenotype. 

These individuals may have altered expression of α-synuclein and be more susceptible 

to developing an alcohol misuse phenotype. Previous studies have found conflicting 

expression patterns of α-synuclein in alcoholics; it is possible that this could result from 

differences in the expression levels of the individual α-synuclein splice variants. 

Therefore the subsequent study (chapter 4) measured the expression of three α-

synuclein variants, SNCA-140, SNCA-112 and SNCA-115 in the prefrontal cortex of 

cirrhotic alcoholics, uncomplicated alcoholics and controls. In addition, eight SNPs 

located throughout SNCA and previously associated with alcohol craving or dependence 
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were genotyped in a Caucasian population of 125 controls and 115 alcoholics. The 

SNCA-140 and SNCA-112 splice variants were significantly reduced in cirrhotic 

alcoholics compared with controls, whereas, the SNCA-115 variant was significantly 

increased in cirrhotic alcoholics compared with controls. Three of the SNPs, rs356221, 

rs356219 and rs2736995 had significant differences in allele and genotype frequencies. 

These genotypes were not associated with increased risk in our population, however, the 

results suggested that the rs356219/356221 G-A haplotype found may reduce the risk of 

developing an alcohol misuse phenotype. These results suggest that the α-synuclein 

splice variants are differentially expressed in the brain of alcoholics, however the 

genetic variants investigated here did not appear to influence this expression. MiRNAs 

are abundantly expressed in the brain and well known regulators of gene expression. 

Expression levels of three alcohol responsive miRNAs, miR-7, miR-153 and miR-203, 

were measured in the prefrontal cortex of alcoholics using real-time PCR (Chapter 5). 

The miRNAs were up-regulated in alcoholic brain. These changes were more 

pronounced in female alcoholics with cirrhosis of the liver.  The results suggest that 

these miRNAs are differentially expressed in the prefrontal cortex and that this is 

largely influenced by gender and concomitant cirrhosis of the liver. These results may 

provide further evidence of miRNA-mediated regulation of gene targets in the brain. 

Chapter 6 investigated the miRNA:mRNA interactions between four alcohol responsive 

miRNAs of interest, miR-7, miR-153, miR-144 and miR-203 and the α-synuclein 3ʹ-

UTR. The miRNA:target interactions between these miRNAs and their predicted 

binding sites within the α-synuclein 3ʹ-UTR were examined using reporter constructs 

and miRNA mimics transfected into HEK293T cells. Luciferase activity and changes to 

endogenous levels of the SNCA-140, SNCA-112 and SNCA-115 variant mRNA levels 

were measured following transfection. The results suggest that miR-203 targets the 
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SNCA-112 and SNCA-115 variants. The SNCA-140 variant was targeted by miR-7 and 

miR-153 as expected. The individual α-synuclein splice variants were targeted 

selectively by different miRNAs and are therefore thought to be differentially regulated; 

this may impact how each variant responds to ethanol exposure. For the final study 

(chapter 6) an ethanol treatment model was developed in order to determine if the α-

synuclein splice variants were differentially expressed following exposure to ethanol. In 

addition, differentiated human neural stem cells were transfected with miRNA mimics 

and then exposed to ethanol. The results of this study suggest that the individual α-

synuclein variants respond differently following exposure to ethanol and that this 

change in expression can be attenuated with the pre-transfection of a miRNA mimic.  

These findings highlight the potential impact of miRNAs in the development of alcohol-

related gene expression changes in human brain and further endorse α-synuclein as a 

candidate gene for alcoholism. Determining the regulatory mechanisms of the 

individual α-synuclein splice variants will aid in discovering their biological functions 

in neurons and their roles in not only alcohol-use disorders but other neurodegenerative 

diseases where α-synuclein dysfunction is present. 
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Chapter 1: Introduction 

1.1 Overview 

Chronic alcohol misuse maintains its longevity as a chronic illness throughout history, 

resulting in disability and early death, with limited treatments available. The effects of 

excessive alcohol consumption can be seen throughout the body; one of the commonly 

known pathologies being cirrhosis of the liver. More recently we are becoming aware of 

the effects of alcohol on the brain. Continuous alcohol misuse results in 

neuropathological damage in the brain, including but not limited to structural changes, 

neuronal loss and loss in brain weight (de la Monte, 1988, Harding et al., 1996, Harper, 

2009, Harper and Kril, 1985, Harper and Kril, 1989). These changes are not uniform 

and some areas of the brain such as the prefrontal cortex are more susceptible to 

neurotoxic damage caused by ethanol (Harper and Kril, 1989, Kril et al., 1997); the 

damaging component of alcohol. These neuropathological abnormalities also include 

alterations to neuronal function and adaptions to alcohol which are mediated, at least in 

part, by gene expression (Nestler and Aghajanian, 1997). It is well accepted that gene 

expression, and therefore gene regulation is important in disease control and 

manifestation. This thesis explores this aspect. There are several possible mechanisms 

for gene regulation; genetic variation within or near the promoter region of a candidate 

gene, as well as, regulation via miRNA interaction with the 3ʹ-UTR of a candidate gene. 

Recent studies utilising global gene and protein expression profiling techniques, 

focusing on understanding the adaptive response of neurons in the prefrontal cortex 

have identified a number of synaptic genes and proteins which are differentially 

regulated in alcoholic brain (Etheridge et al., 2009, Lewohl et al., 2004, Lewohl et al., 
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2000, Liu et al., 2004, Liu et al., 2007, Liu et al., 2006, Mayfield et al., 2002). One of 

these genes is α-synuclein; a protein found abundantly expressed in presynaptic 

terminals (Iwai et al., 1995a) and known to have a role in mediating dopaminergic 

neurotransmission (Baptista et al., 2003, Yavich et al., 2004). It has been suggested that 

dopaminergic neurotransmission mediates mechanisms involved in craving, withdrawal 

and the reinforcement pathways in alcohol addiction (Self and Nestler, 1998). This 

pathway projects into the prefrontal cortex, the region of the brain responsible for 

executive functions that are disrupted following chronic alcohol misuse in humans 

(Koob and Volkow, 2010). This provides further evidence for the involvement of α-

synuclein in the pathophysiology of chronic alcohol misuse, with altered α-synuclein 

expression having the potential to change the function of the dopaminergic reward 

pathway. 

α-Synuclein is highly polymorphic providing a number of candidate polymorphisms 

that alter expression and have the potential to increase the susceptibility of an individual 

developing a chronic misuse phenotype. We hypothesised that a microsatellite repeat 

marker ~10 kb upstream from the translational start site, SNCA-Rep 1 is associated with 

altered expression (Touchman et al., 2001). As the longer alleles have been associated 

with increased gene expression in previous studies (Bonsch et al., 2005b, Chiba-Falek 

and Nussbaum, 2001) and α-synuclein is down-regulated in the prefrontal cortex of 

alcoholics (Liu et al., 2006), it was expected that alcoholics would have a greater 

frequency of the shorter alleles for SNCA-Rep1 than controls and that this would 

correlate with shorter α-synuclein expression levels measured in alcoholic brain. 

Several SNPs throughout SNCA have been associated with alcohol use phenotypes, 

including alcohol dependence and craving (Agrawal et al., 2013, Clarimon et al., 2007, 



Page | 3  

 

Foroud et al., 2007). Eight SNPs distributed in the 5ʹ and 3ʹ ends of the gene were 

associated with a sub-population of alcohol-dependent individuals who experienced 

craving (Foroud et al., 2007). In these individuals, a haplotype block in the 3ʹ-UTR of 

the gene was over-transmitted to individuals who craved alcohol whereas the 

complementary haplotype was over-transmitted to individuals who did not crave 

alcohol. To date, no studies have correlated expression levels of α-synuclein in human 

alcoholic brain with sequence variation in the SNCA gene itself. MiRNAs regulate gene 

expression by binding to specific target sites in the 3ʹ-UTR of a gene, therefore genetic 

variation can alter the interaction between miRNA and its target gene by enhancing or 

weakening the affinity of the miRNA to the mRNA or by preventing accessibility to the 

binding site by affecting the secondary structure of the 3ʹ-UTR (Chen et al., 2008, 

Georges et al., 2007). It is possible that the SNCA 3ʹ-UTR haplotype block may change 

the secondary structure of the 3ʹ-UTR in certain individuals and effect binding of the 

miRNA to its binding site, therefore altering expression. 

Two miRNAs, miR-7 and miR-153 have been found to down-regulate α-synuclein 

mRNA and protein levels post-transcriptionally, by binding to its 3ʹ-UTR and have 

shown to have an additive affect (Doxakis, 2010). We hypothesised that α-synuclein 

expression is regulated via a miRNA-mediated mechanism and proposed that two other 

predicted miRNAs, miR-144 and miR-203 also target α-synuclein resulting in down-

regulation of its expression levels. Of particular interest was whether the individual α-

synuclein splice variants were differentially down-regulated by miRNAs. Recent studies 

have shown that miRNAs may mediate the cellular adaptations to alcohol exposure 

(Lewohl et al., 2011, Pietrzykowski et al., 2008, Tapocik et al., 2013, van Steenwyk et 

al., 2013). Alterations to α-synuclein regulation may play a role in these changes. A cell 

culture model to explore the effects of alcohol on the expression levels of miRNA and 
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their targets creates an environment to study the changes in regulation in the alcoholic 

brain due to the cellular adaptations that occur during short and long-term exposure to 

alcohol.  

Studies such as these will expand our knowledge on the regulation of α-synuclein and 

how this is altered following ethanol exposure, aiding in establishing the mechanisms 

involved in not only alcohol addiction, but other addictions and neurodegenerative 

diseases that α-synuclein is involved in. 

1.2 Aims 

Thus the specific aims for this project were: 

1. To determine if any of the SNCA-Rep1 alleles were associated with changes in

α-synuclein expression in the human brain and if this increases the individual’s

susceptibility to alcohol misuse.

2. To correlate the allele frequency data for candidate SNPs in the α-synuclein

gene with α-synuclein mRNA expression for three α-synuclein splice variants;

SNCA-140, SNCA-112 and SNCA-115 and determine if any of the alleles could

be deemed risk alleles for an alcohol misuse phenotype.

3. To determine if expression levels of miRNAs predicted to target the α-synuclein

3ʹ-UTR were different in the prefrontal cortex of human alcoholics compared to

controls.

4. To investigate the miRNA:target interactions between four alcohol responsive

miRNAs; miR-7, miR-153, miR-144 and miR-203 and the α-synuclein 3ʹ-UTR.

5. To determine if the α-synuclein splice variants; SNCA-140, SNCA-112 and

SNCA-115 were differentially expressed following ethanol treatment using a cell

culture model.
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1.3 Ethical approval 

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

Ethics Committee (MSC/02/06/HREC). 



Page | 6  

 

Chapter 2: Literature Review 

The role of α-synuclein in the pathophysiology of alcoholism. 

This review was published in Neurochemistry International. The formatting and 

referencing has been modified to maintain consistency throughout the thesis. The text 

has been updated to include recently published literature and therefore, appears slightly 

modified to the published version. 

Paulina Janeczek and Joanne M. Lewohl 

  



Page | 7 

2.1 Abstract 

Alcoholism has complex etiology and there is evidence for both genetic and 

environmental factors in its pathophysiology. Chronic, long-term alcohol misuse and 

alcohol dependence are associated with neuronal loss with the prefrontal cortex being 

particularly susceptible to neurotoxic damage. This brain region is involved in the 

development and persistence of alcohol addiction and neurotoxic damage is likely to 

exacerbate the reinforcing effects of alcohol and may hinder treatment. Understanding 

the mechanism of alcohol’s neurotoxic effects on the brain and the genetic risk factors 

associated with alcohol misuse are the focus of current research. Because of its well-

established role in neurodegenerative and neuropsychological disorders, and its 

emerging role in the pathophysiology of addiction, here we review the genetic and 

epigenetic factors involved in regulating α-synuclein expression and its potential role in 

the pathophysiology of chronic alcohol misuse. Elucidation of the mechanisms of α-

synuclein regulation may prove beneficial in understanding the role of this key synaptic 

protein in disease and its potential for therapeutic modulation in the treatment of 

substance use disorders as well as other neurodegenerative diseases.  

Keywords: SNCA; mRNA; splice variant; microRNA 
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Alcoholism is a complex, multi-factorial disorder with substantial health, societal and 

economic consequences worldwide. The World Health Organization estimates that 

alcohol misuse contributes ~5% to the global burden of disease and results in 2.5 

million deaths annually (WHO, 2004). Furthermore, excessive alcohol consumption 

results in 69 million Disability-Adjusted Life Years
1
 (DALYs) around the world (WHO,

2004). Approximately one third of the deaths are due to unintentional injuries and 

almost 40% of the DALYs are the result of neuropsychiatric conditions. Disability due 

to alcohol misuse has been ranked the third leading risk factor for DALYs and the 

eighth risk factor for premature death. Although drinking patterns, societal influences 

and consumption rates vary between countries, regions and communities, there is a 

constant negative outcome for the health of individuals who choose to misuse alcohol 

(WHO, 2004). 

2.2 Effect of alcohol on the brain 

Although alcohol affects many organs in the body, a major target is the brain where 

long-term misuse results in neuropathological damage (Harper, 2009). This damage is 

not uniform; rather, particular regions of the brain are more affected than others (Kril et 

al., 1997). For example, in the cerebral cortex, neuronal loss occurs in the dorsolateral 

prefrontal cortex whereas other regions of the cortex, such as the primary motor cortex, 

are relatively spared (Harper and Kril, 1989). Loss of brain weight and white matter in 

particular, has been shown to be associated with the severity of alcohol misuse (de la 

Monte, 1988, Harding et al., 1996, Harper and Kril, 1985). The damage to the brain 

results in memory loss, impairment in conceptualisation, processing of complex 

material, planning and abstract thought. Neuropathological abnormalities, including 

1
The Disability-Adjusted Life Year (DALY) is used by the WHO as a measure of the potential years of life 

lost due to premature death and the equivalent years of ‘healthy’ life lost by being in a state of poor health

and disability. One year of equivalent full health is represented by one DALY (WHO, 2013). 
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damage to the structure and function of the brain, are greater in alcoholics with cirrhosis 

of the liver or vitamin B1 deficiency (Zahr et al., 2011). 

Continuous exposure to alcohol, results in changes in neuronal function which are 

mediated, at least in part, by changes in gene expression (Nestler and Aghajanian, 

1997). Recent studies, particularly those utilizing global gene and protein expression 

profiling techniques, have focused on understanding the adaptive response of neurons in 

the prefrontal cortex. These studies have identified a number of synaptic genes and 

proteins which are differentially regulated in the prefrontal cortex of human alcoholics 

(Etheridge et al., 2009, Lewohl et al., 2004, Lewohl et al., 2000, Liu et al., 2004, Liu et 

al., 2007, Liu et al., 2006, Mayfield et al., 2002); one of these is α-synuclein, a gene 

with a well-characterized role in the pathophysiology of Parkinson disease and 

considered to be the top candidate gene for alcoholism (Levey et al., 2014). 

2.3 α-Synuclein function 

The role of α-synuclein in neurodegeneration has been the focus of a number of studies 

following its identification as the non-amyloid component of senile plaques and as the 

major protein component of Lewy bodies (Iwai et al., 1995b, Spillantini and Goedert, 

2000). In both sporadic and familial Parkinson disease, the α-synuclein protein does not 

fold correctly, forming insoluble and dysfunctional protein aggregates resulting in a loss 

of dopaminergic neurons (Junn et al., 2009, Kahle et al., 2001, Spillantini and Goedert, 

2000).  

α-Synuclein is abundantly expressed in neurons where it is found predominantly in 

presynaptic terminals (Iwai et al., 1995a, Jakes et al., 1994, Withers et al., 1997, Zhang 

et al., 2008). While the exact function of α-synuclein is unknown, a number of studies 

have shown it to have a role in mediating dopaminergic neurotransmission including 
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synthesis, storage, release and reuptake of the neurotransmitter (Baptista et al., 2003, 

Yavich et al., 2004). Under normal conditions, α-synuclein negatively regulates the 

uptake of dopamine by the dopamine transporter in line with its expression levels. 

Specifically, α-synuclein suppression reduces the surface expression and maximal 

uptake velocity of the dopamine transporter and has been shown to result in dopamine-

induced apoptosis (Fountaine and Wade-Martins, 2007, Lee et al., 2001, Wersinger and 

Sidhu, 2003). Interestingly, α-synuclein plays a dual role in neurotoxicity and in 

neuroprotection that is dependent on its expression levels, with both low and high levels 

of expression resulting in cytotoxicity (Seo et al., 2002). Up-regulation of α-synuclein 

occurs in response to oxidative stress and excitotoxicity, hence, its normal physiological 

role may be to protect neuronal cells against damage (Sidhu et al., 2004). 

Changes in α-synuclein expression, which affect the reuptake of dopamine, are likely to 

alter dopamine-mediated neuronal signalling. It has been suggested that dopaminergic 

neurotransmission is the main mediator of craving, withdrawal, and the reinforcement 

pathways in alcohol addiction (Self and Nestler, 1998). Thus, altered expression of α-

synuclein may affect the function of the dopaminergic reward pathway. Neurons in this 

pathway project to the dorsolateral prefrontal cortex, the brain region responsible for 

executive functions that are disrupted following chronic alcohol misuse in human 

subjects (Koob and Volkow, 2010). The absence of α-synuclein has been shown to 

increase the sensitivity of the brain reward system; suggesting that an individual may be 

predisposed to various psychiatric diseases or drug misuse according to the levels of α-

synuclein in their brain (Oksman et al., 2006).  

α-Synuclein has been shown to interact with membranes (Fortin et al., 2004) and lipids 

(Jo et al., 2000), and dysfunction can lead to defects in mitochondrial function, 
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lipid/sterol biosynthesis, the stress response and endoplasmic reticulum to Golgi 

complex trafficking (Auluck et al., 2010). A study by Scott and Roy (2012) suggests 

that α-synuclein may have a role in maintaining recycling pool homeostasis and 

regulating synaptic vesicle trafficking. It has been suggested that Ca
2+

 entry pathways 

may be regulated by α-synuclein, and that changes to normal α-synuclein expression 

could affect Ca
2+

 homeostasis and cause neuronal damage (Hettiarachchi et al., 2009).  

α-Synuclein also functions as a molecular chaperone due to its structural homology to 

the 14-3-3 family of proteins (Ostrerova et al., 1999, Tzivion et al., 1998). This idea is 

supported by the findings that α-synuclein interacts with many regulatory proteins 

involved in dopamine homeostasis at the axon terminals, is regulated during 

development and up-regulated during neuronal plasticity (George et al., 1995, Petersen 

et al., 1999).  

Some studies have suggested that alcohol consumption may have a protective effect on 

Parkinson disease, however this correlation needs to be investigated further (Grandinetti 

et al., 1994, Hernan et al., 2003, Noyce et al., 2012, Paganini-Hill, 2001). Other 

addictive behaviours; like drinking coffee and smoking have been associated with 

decreased risk of Parkinson disease (Hernan et al., 2001, Morozova et al., 2008, 

O'Reilly et al., 2009, Thacker et al., 2007). It is thought that an individual who will 

develop Parkinson disease may be less susceptible to becoming addicted to substances 

(Menza, 2000). A number of studies have investigated the correlation of the risk of 

Parkinson and alcohol consumption and either show no change or a moderately 

decreased risk of Parkinson disease (Behari et al., 2001, Benedetti et al., 2000, Fall et 

al., 1999, Gorell et al., 1999, Hellenbrand et al., 1996, Jimenez-Jimenez et al., 1992, 

Liou et al., 1997, Morano et al., 1994, Palacios et al., 2012). There are a number of 
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known limitations in case-control studies that may compound the findings; therefore 

these results should be interpreted with caution.  

Two missense mutations; A53T and A30P in the α-synuclein gene have been found to 

cause familial Parkinson disease (Kruger et al., 1998, Polymeropoulos et al., 1997). 

Idiopathic Parkinson disease has been associated with various polymorphisms in the α-

synuclein 5′ non-coding region (Kruger et al., 1999, Tan et al., 2000). Many of these 

variations have also been associated with increased risk in alcoholism including the 

SNCA-Rep1 microsatellite repeat (Janeczek et al., 2014). It is well documented that the 

longer alleles of the SNCA-Rep1 dinucleotide repeat are correlated with Parkinson 

disease (Cronin et al., 2009, Maraganore et al., 2006). Although the studies are 

inconsistent, it has been shown that variations in the SNCA promoter are also correlated 

with alcohol misuse, and that alcohol use disorders are inversely correlated with 

Parkinson disease (Bonsch et al., 2005b, Brighina et al., 2009, Chiba-Falek et al., 2003). 

2.4 α-Synuclein expression is modulated by alcohol and other drugs of misuse 

Differential expression of α-synuclein may contribute to increased alcohol consumption 

in rats selectively bred for increased alcohol preference (Liang et al., 2003). These rats 

exhibited a two-fold increase in the expression of α-synuclein in the hippocampus and 

caudate-putamen compared with alcohol-nonpreferring rats (Liang and Carr, 2006). 

Other brain regions, such as the striatum, show decreased levels of expression (Carr et 

al., 2006). Furthermore, alcohol-naïve inbred alcohol-preferring rats had lower 

expression levels of α-synuclein transcripts in the frontal cortex compared with 

congenic P.NP rats in which the alcohol preferring quantitative trait locus (QTL) on 

chromosome 4, containing the SNCA gene, was replaced by the equivalent QTL from 

the inbred non-preferring rat line (Liang et al., 2010). Interestingly, the difference in 
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expression was specific for the frontal cortex. These studies only measured the basal 

expression of α-synuclein and did not investigate the effect of alcohol exposure on the 

expression of the gene. However, a single polymorphic variant in the 3ʹ-UTR of 

alcohol-preferring rats is likely to be responsible for the differences in expression 

(Liang and Carr, 2006). 

The expression of α-synuclein is also regulated by alcohol exposure in both animal 

models and humans. The expression of α-synuclein was elevated in the blood of 

primates that self-administer alcohol compared with alcohol-naïve controls (Walker and 

Grant, 2006) as well as in mice following withdrawal from chronic alcohol drinking 

(Ziolkowska et al., 2008). In human studies, both α-synuclein transcript and protein 

levels are elevated in serum from actively drinking and recently withdrawn alcoholics 

and are correlated with craving in these individuals (Bonsch et al., 2005a, Bonsch et al., 

2004). α-Synuclein is also elevated in response to other drugs of misuse, including 

cocaine (Mash et al., 2008, Mash et al., 2003, Qin et al., 2005) and amphetamine 

(Fornai et al., 2005). Whether this up-regulation occurs as a direct result of long-term 

drug misuse, or reflects an increase in the basal expression of α-synuclein in these 

individuals, remains to be elucidated. Only two studies have specifically measured the 

expression of α-synuclein in the brain of human alcoholics (Janeczek et al., 2014, 

Janeczek et al., 2015). These studies reported lowered expression of the wild-type α-

synuclein variant (SNCA-140) in the dorsolateral prefrontal cortex of alcoholics 

compared with controls. Microarray (Lewohl et al., 2000) and proteomic (Lewohl et al., 

2004) studies have also shown that α-synuclein is differentially regulated in this brain 

region suggesting it may play a role in neuroadaptations to long-term alcohol misuse. α-

Synuclein may play a protective role in neurons. It is expressed in response to apoptotic 

signals, oxidative stress, and excitotoxicity (Sidhu et al., 2004). Lower levels of α-
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synuclein may therefore put neurons at risk of the neurotoxic effects of alcohol due to a 

loss of its inherent neuroprotective effects. Since α-synuclein also plays a role in 

trafficking of neurotransmitter transporters, neurons with lowered α-synuclein levels 

may lose the ability to adapt to the continual presence of alcohol in the brain (Yavich et 

al., 2004).  

A key question is whether blood levels of α-synuclein reflect changes in expression in 

brain. To date, only one study has correlated α-synuclein expression in both brain tissue 

and blood from the same individuals. Ziolkowska et al., (2008) used a chronic alcohol 

drinking mouse model to show that α-synuclein transcript levels increased in the blood 

48 h after withdrawal, as had been shown previously in humans and monkeys. 

However, these levels did not correlate to the expression of α-synuclein in the brain, 

where protein expression peaked 24 h after withdrawal. This finding suggests that there 

is little or no correlation between α-synuclein expression levels in blood and brain but 

further studies are required.  

2.5 The genetics of alcoholism 

Alcoholism has a complex etiology and there is evidence for both genetic and 

environmental factors in the pathophysiology of the condition. Family, adoption and 

twin studies have concluded that alcoholism has an estimated heritability of ~50% 

(Ducci and Goldman, 2008, Mayfield et al., 2008). The genetics of alcohol misuse and 

alcoholism is not straightforward. Large-scale family studies and case-control 

association studies have identified many chromosomal regions and polymorphic 

variants that influence alcoholism risk and related phenotypes (Ducci and Goldman, 

2008, Mayfield et al., 2008). It is likely that several genes contribute to the 

susceptibility of an individual to each phenotype, with each gene having a small but 
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additive effect. Hence, an individual’s susceptibility to alcohol misuse and alcoholism 

may be determined by genes influencing their acute sensitivity to alcohol intoxication, 

the development of tolerance to, and dependence on, alcohol, and the development of 

intense desire for alcohol or ‘craving’. Genetic factors may also underlie the 

neuroadaptive changes that occur in response to chronic alcohol misuse. Thus, an 

individual’s genotype may underlie gene expression differences. For example, changes 

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

in human alcoholic prefrontal cortex (Dodd and Lewohl, 1998, Lewohl et al., 1997a, 

Lewohl et al., 2001) and these effects may be moderated by genotype, including 

polymorphisms in the dopamine receptor DRD2 gene (Buckley et al., 2006). 

Furthermore, the TaqIA polymorphism within the ANKK1 gene selectively modulates 

NMDA receptor transcript expression in the prefrontal cortex of cirrhotic-alcoholics 

compared with controls (Ridge et al., 2008). Recent evidence suggests that the same is 

true for the α-synuclein gene. 

2.6 Genetic variation in α-synuclein has been associated with alcohol use 

phenotypes  

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 SNCA (Ehlers et al., 2004, Reich et al., 1998, 

Saccone et al., 2000, Williams et al., 1999). The syntenic chromosomal region has been 

linked to a QTL for alcohol consumption in rats selectively bred for high alcohol 

preference (Liang et al., 2003).  

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

in SNCA and neurodegenerative disorders such as Parkinson disease has been well 
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documented. Sequence variation occurs within the SNCA gene itself, as well as in the 

SNCA-Rep1 region, which is a microsatellite repeat, approximately 10 kb upstream 

from the translation start site (Touchman et al., 2001). Five alleles have been identified 

based on a size difference of 2 nucleotides (265 bp, 267 bp, 269 bp, 271 bp, and 

273 bp). SNCA-Rep1 is necessary for normal expression and increasing allele lengths 

correlate with increased expression levels in neuroblastoma cell lines (Chiba-Falek and 

Nussbaum, 2001).  

Polymorphisms in SNCA-Rep1 are associated with alcohol use phenotypes, including 

alcohol misuse, alcohol dependence and craving although the findings are inconsistent. 

Bonsch et al., (2005b) found a significant increase in the frequency of the longer alleles 

(273 bp and 271 bp) in alcohol-dependent individuals that were correlated with 

increased expression of α-synuclein in the same cases. In comparison, Janeczek et al., 

(2014) found that an increased frequency of the shorter 267 bp allele was correlated 

with reduced expression of α-synuclein in the dorsolateral prefrontal cortex of long-term 

alcohol misusers. Other polymorphisms have also been associated with alcohol use 

phenotypes with eight SNPs distributed in the 5ʹ and 3ʹ ends of the gene found to be 

associated with a sub-population of alcohol-dependent individuals (42%) who 

experienced craving (Foroud et al., 2007). In these individuals, a haplotype block in the 

3ʹ-UTR of the gene was over-transmitted to individuals who craved alcohol whereas the 

complementary haplotype was over-transmitted to individuals who did not crave 

alcohol. Figure 2.1 details the location of the single nucleotide polymorphisms and 

microsatellite repeat markers that have been shown to be associated with alcohol use 

disorders in previous studies. 
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Genetic variation in the 5ʹ- and 3ʹ-UTRs has also been correlated with expression levels 

of the gene (Bonsch et al., 2005b, Chiba-Falek and Nussbaum, 2001, Sotiriou et al., 

2009). For example, Poly-(ADP-ribose) transferase/polymerase-1 (PARP-1), a nuclear 

DNA-binding protein (Newman et al., 2002), binds directly to the SNCA-Rep1 region 

(Chiba-Falek et al., 2005). When bound to SNCA-Rep1, PARP-1 decreased the activity 

of the SNCA promoter. Conversely, inhibition of PARP-1 resulted in an increase in the 

expression of α-synuclein transcripts. SNCA-Rep1 is necessary for normal expression 

and increasing allele lengths correlate with increased expression levels in neuroblastoma 

cell lines (Chiba-Falek and Nussbaum, 2001). Thus, it is likely that sequence variation 

in the SNCA-Rep1 microsatellite alters the binding parameters of PARP-1 thereby 

altering the transcription of the gene. The effect of genetic variation in the 3ʹ-UTR on 

the expression of SNCA is likely to be the result of regulation of expression by 

miRNAs.  

2.7 Regulation of α-synuclein expression by miRNAs 

MiRNAs are short non-coding RNAs that regulate gene expression by targeting specific 

sequences in the 3ʹ-UTR of many genes. MiRNAs function as endogenous repressors 

preventing translation of target mRNAs, ultimately determining the protein profile of 

the cell. The primary miRNAs are transcribed within the nucleus and then processed 

into shorter precursor miRNAs. These precursor miRNAs are transported to the cytosol 

within the RNA-induced silencing complex (RISC) and bind to their target mRNAs. 

The sequence can be complementary or partially complementary to the target site. Once 

the miRNA binds to the mRNA, translation is inhibited or the mRNA is degraded 

(Bushati and Cohen, 2008). 
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MiRNAs are highly abundant in brain and critically affect brain development and 

neuronal differentiation. More recently, miRNAs have been shown to play roles in 

synapse formation and plasticity (Schratt et al., 2006), neuronal survival (Schaefer et al., 

2007), as well as in human disease (Bushati and Cohen, 2008). 

Recent studies have shown that miRNAs may mediate cellular adaptions to alcohol 

exposure in cell culture models, animal models of alcohol dependence as well as human 

alcoholics. A study by Tapocik et al., (2013) found that the expression of specific 

miRNAs and their corresponding mRNA targets were dysregulated in the medial 

prefrontal cortex of rats with a history of alcohol dependence. Alcohol-responsive 

miRNAs have also been identified in murine primary neuronal cultures (Guo et al., 

2012), in foetal neural stem cells (Balaraman et al., 2012, Sathyan et al., 2007), foetal 

mouse brain (Wang et al., 2009) and in neuroblastoma cell lines (van Steenwyk et al., 

2013, Yadav et al., 2011) following chronic alcohol exposure and its withdrawal. 

Furthermore, ~35 miRNAs were found to be significantly up-regulated in the prefrontal 

cortex of human alcoholics compared with controls (Lewohl et al., 2011). A summary 

of the alcohol-responsive miRNAs identified in humans, rodents and cell culture models 

is given in Table 2.1. The predicted targets for these miRNAs showed a large degree of 

overlap with down-regulated genes identified in previous cDNA microarray studies (Liu 

et al., 2006). In general, these results suggest that up-regulation of miRNAs in the 

prefrontal cortex of human alcoholics may contribute to the deterioration and 

concomitant adaptation of neuronal functioning observed in cases of alcohol misuse. 

The overlap between putative targets of miRNAs and the differentially expressed genes 

from previous studies provides information on the biological functions and networks of 

genes regulated by specific miRNAs in human alcoholism (Lewohl et al., 2011).  
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Table 2.1: Comparison of differentially expressed miRNAs in humans, rats and mice. 

miRNA ID Human Rat Mouse References 

miR-553     

miR-369-3p        *   (Yadav et al., 2011) 

miR-18a    (Tapocik et al., 2013) 

miR-339       ***** (Nunez et al., 2013, 

Wang et al., 2009) 

miR-1     

miR-7         ***        ***        ***** (Nunez et al., 2013, 

Tapocik et al., 2013, van 

Steenwyk et al., 2013) 

miR-196a     

miR-301    (Tapocik et al., 2013) 

miR-144        ***    ***** (Nunez et al., 2013, van 

Steenwyk et al., 2013) 

let-7g     *****  

miR-153        **          ***    ***** (Balaraman et al., 2012, 

Sathyan et al., 2007, van 

Steenwyk et al., 2013) 

let-7f     

miR-203           ***    ***   **   (van Steenwyk et al., 

2013) 

miR-34        *    ****    ***** (Nunez et al., 2013, 

Yadav et al., 2011) 

miR-101     

miR-376    (Tapocik et al., 2013) 

miR-665     

miR-152        ***         **        ** (Guo et al., 2012, van 

Steenwyk et al., 2013, 

Wang et al., 2009) 

miR-194     

miR-423-5p     

miR-515-3p     

miR-374    (Tapocik et al., 2013) 

miR-140     ***** (Balaraman et al., 2012, 

Nunez et al., 2013) 

miR-519b-3p     

miR-586     

miR-135b     *****  

miR-92a     

miR-15             ***    ***  **   ***** (Guo et al., 2012, Nunez 

et al., 2013, van 

Steenwyk et al., 2013) 

miR-580     

miR-146a     *****  

miR-454-3p     

miR-380     

miR-652     
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miRNA ID Human Rat Mouse References 

miR-802     

miR-196b     

The 35 up-regulated miRNAs in human alcoholic brain (Lewohl et al., 2011) compared 

to miRNAs alternatively expressed in rodents following treatment with ethanol. The 

literature was examined and various animal as well as cell culture studies were included. 

MiRNAs that are related were grouped together. Arrows indicate an increase or 

decrease in expression levels. MiRNA expression was differentially affected by ethanol 

treatment conditions which have been identified as; short term (*), chronic-intermittent 

(**), withdrawal (***), long-term (****), high dose (*****). 

Several of the known alcohol-responsive miRNAs are predicted to target α-synuclein 

and this interaction has been verified for miR-7 and miR-153. MiR-7 (hsa-miR-7; 

MIMAT0000252), a miRNA predominately expressed in neurons, has been shown to 

regulate α-synuclein, by binding to the 3′-UTR and repressing its translation in a dose-

dependent manner (Junn et al., 2009). MiR-153 (hsa-miR-153; MIMAT0000439), 

down-regulates α-synuclein mRNA and protein levels post-transcriptionally, by binding 

to the specific sites on the 3′-UTR (Doxakis, 2010). Thus, miR-7 acts by inhibiting the 

translation of α-synuclein whereas miR-153 acts by promoting the degradation of the 

mRNA, and they work synergistically to lower α-synuclein levels. This proposed 

regulatory pathway for the control of α-synuclein expression may also be affected by 

genetic variation. 

Polymorphisms in the miRNA binding site can eliminate or enhance the binding affinity 

a miRNA has for its target or create a new illegitimate binding site, changing the way 

the target gene is regulated. Therefore, mutations in miRNA binding sites can alter 

target gene expression in many different ways and provides evidence of another form of 

gene regulation that can influence the risk of an individual developing a disease (Chen 

et al., 2008, Georges et al., 2007). This has been shown in other diseases, for example 

the 3′-UTR of the SLITRK1 gene, thought to be involved in Tourette’s syndrome, was 

found to contain a SNP that increased the strength of the miR-189 target site, resulting 
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in down-regulation of the corresponding protein (Abelson et al., 2005). Although this 

example shows that a polymorphism may have a more direct role in causing a disease, it 

is unlikely for this to be the case for the majority. In contrast to a loss or gain of 

function due to genetic variation, it is more likely that the mutations affecting the 

miRNA:target interactions in addiction pathways will have gradual phenotypic 

consequences, due to a “fine tuning” approach to gene regulation rather than complete 

suppression (Georges et al., 2007). One of the mechanisms by which gene expression 

can be “fine-tuned” is through the differential regulation of splice variants. 

Pietrzykowski et al., (2008) showed that alcohol, acting via a specific miRNA, miR-9, 

regulates the expression of alternatively spliced mRNAs encoding the large-

conductance calcium- and voltage-activated potassium channel (BK), which is a known 

target of alcohol’s actions in mediating molecular alcohol tolerance. Alcohol caused a 

rapid up-regulation in miR-9 expression, resulting in selective degradation of BK 

mRNAs containing a miR-9 target site in their 3′-UTRs. The selective degradation of 

some splice variants but not others altered the profile of BK channels, consistent with 

the development of tolerance to alcohol (Pietrzykowski et al., 2008). This represents a 

new mechanism of gene regulation of splice variants that may underlie the 

neuroadaptive changes that occur at a cellular level to long-term alcohol exposure.  

2.8 α-Synuclein gene structure and splice variants 

SNCA is approximately 117kb in length and has been mapped to chromosome position 

4q21.3-22 (Touchman et al., 2001, Xia et al., 1996) (Figure 2.1).  
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Figure 2.1: Schematic diagram of the human α-synuclein gene as in Xia et al., 

(2001). The exons (Ex) and introns (Int) are represented by the black/grey boxes and 

white boxes respectively. The start (ATG) and stop (TAA) codons have been marked. 

The two diagonal lines in introns 2 and 4 indicate that these introns are very large and 

have been collapsed for the purpose of this diagram. Polymorphisms found to be 

associated with alcohol use phenotypes including alcohol misuse, alcohol craving and 

alcohol dependence have been indicated (Agrawal et al., 2013, Bonsch et al., 2005b, 

Clarimon et al., 2007, Foroud et al., 2007, Janeczek et al., 2014). 

Human α-synuclein exists in at least four distinct splice variants that produce functional 

polypeptides (Figure 2.2). The full-length (wildtype) sequence encodes a 140 amino 

acid protein comprised of 6 exons. The other three variants are exon-skipping variants: 

the 126 amino acid variant is missing exon 3; the 112 amino acid variant is missing 

exon 5; and the newly identified 98 amino acid variant is missing both exons 3 and 5 

(Beyer et al., 2009, Beyer et al., 2008). The online Ensembl database 

(www.ensembl.org) predicts a total of 11 transcript variants. Five of these variant 

transcripts encode the wildtype 140 amino acid polypeptide, two encode the 126 amino 

acid variant and two encode the 112 amino acid variant. The variant corresponding to 
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the 98 amino acid splice variant is not listed in this database. The different forms of 

each of these alternative transcripts differ primarily in their 5′ and 3′ regulatory regions. 

In particular, the 3′-UTR of each of these variants differs in length, however 95% of the 

SNCA variants have the first 574 bp in common (Sotiriou et al., 2009). Differences in 

miRNA binding sites within the 3′-UTR of each of the splice variants may regulate the 

way each of the variants are expressed. 

Two additional alternative transcripts are predicted in the Ensembl database. One of 

these, designated SNCA-67 (ENST000005066691), is predicted to encode a 67 amino 

acid polypeptide containing exons 1 – 3 and the first 36 nucleotides of exon 4 however 

the sequence is incomplete at the 3′ end. The second predicted transcript, designated 

SNCA-115 (ENST00000502987) encodes a 115 amino acid polypeptide that includes 

exons 1 – 4 and the first 393 nucleotides of intron 4. It is important to note that this 

variant has a completely unique 3′-UTR regulatory region which is found in intron 4, 

and therefore has the potential to be regulated by different miRNAs. 
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Figure 2.2: Structure of five human α-synuclein transcripts. The exons (Ex) and 

intron (Int) 4 are represented by the grey boxes and white box respectively.  

2.9 Conclusion 

α-Synuclein is an abundantly expressed neuronal protein with a well-documented role in 

neurodegenerative disorders such as Parkinson and Alzheimer disease. The normal 

physiological function of this key protein is likely to be in the regulation of 

dopaminergic neurotransmission and as such, it has been identified as a candidate gene 

for substance misuse and alcoholism (Levey et al., 2014). Most notably, recent studies 

have shown that the expression of α-synuclein is modulated by chronic, long-term 

alcohol exposure (Janeczek et al., 2014) and can also be correlated with craving in 

alcohol-dependent individuals (Bonsch et al., 2004). Furthermore, sequence variation in 

SNCA-Rep1 is associated with alcohol use phenotypes and can be correlated with 

expression levels of the gene (Bonsch et al., 2005b, Janeczek et al., 2014) although the 
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studies conducted to date have yielded conflicting results. α-Synuclein expression is 

also regulated by miRNAs in particular miR-7 and miR-153; these miRNAs are altered 

by chronic alcohol misuse (Lewohl et al., 2011). 

α-Synuclein exists in a number of known and predicted splice variants. However, none 

of the studies performed to date have measured the expression of individual transcript or 

protein variants in alcoholics. Since the known α-synuclein splice variants differ in the 

length of their 3′-UTRs, the miRNAs that target them may differ, leading to selected 

degradation of some variants but not others in a manner similar to that proposed for the 

BK channel (Pietrzykowski et al., 2008). Alternatively, polymorphisms in the 3′-UTR 

have the potential to alter miRNA target sites, thereby disrupting the regulation of 

specific splice variants. In this way, sequence variation in the 3′-UTR may predispose 

individuals to the toxic effects of chronic alcohol misuse through a miRNA-mediated 

mechanism. Future research towards understanding the mechanism of α-synuclein 

regulation may provide insights into the mechanism of alcohol’s neurotoxic effects on 

the brain and may identify new therapeutic targets for the treatment of substance use 

disorders as well as neurodegenerative diseases. 
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Chapter 3: Reduced expression of α-synuclein in alcoholic brain: 

influence of SNCA-Rep1 genotype 

This chapter was published in Addiction Biology as an original investigation. The 

formatting and referencing has been modified to maintain consistency throughout the 

thesis, the text therefore, appears slightly modified to the published version. 

Paulina Janeczek, Rachel K. MacKay, Rodney A. Lea, Peter R. Dodd and Joanne M. 

Lewohl 
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3.1 Abstract 

α-Synuclein has recently been implicated in the pathophysiology of alcohol misuse 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 misuse. 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 misuse 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. 

Key Words: human; mRNA; post mortem; prefrontal cortex; SNCA-Rep1 
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3.2 Introduction 

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

economic consequences worldwide. The World Health Organization estimates that 

alcohol misuse contributes 4% to the global burden of disease and results in ~2 million 

deaths 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 (Australian 

Institute of Health and Welfare, 2008). 

Both genetic and environmental factors influence the complex etiology and 

pathophysiology of alcohol misuse. 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 misuse. 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 misuse are key to developing treatment 

strategies and identifying new therapeutic targets. 
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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 (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 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 disease has been 

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

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 dinucleotide 

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 5ʹ- and 3ʹ-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., 2005b). SNPs in the gene are associated with alcohol dependence: a 

haplotype block in the 3ʹ-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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3.3 Materials and Methods 

3.3.1 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 polydrug misuse 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 (Appendix 1). 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 
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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. 

3.3.2 Expression analysis 

Total RNA was extracted from the dorsolateral prefrontal cortex using Trizol
TM 

(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 –70C 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). 

Primers were designed using Primer Express
®
 v1.5 Software (Applied Biosystems, 

Mulgrave, VIC, Australia) 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 
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an exon boundary to eliminate genomic DNA (gDNA) amplification. Primer sequences 

are shown in Table 3.1. 

Table 3.1: Primer sequences. 

Target Method Primer sequence 

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

Reverse: 5ʹ-GACTGGCCCAAGATTAACCA-3ʹ 

α-Synuclein qPCR 
Forward: 5ʹ-GTGTGGCAACAGTGGCTGAG-3ʹ 

Reverse: 5ʹ-TGGGGCTCCTTCTTCATTCTTG-3ʹ 

GAPDH qPCR 

Forward: 5ʹ-TGCACCACCAACTGCTTAGC-3ʹ 

Reverse: 5ʹ-GGCATGGACTGTGGTCATGAG-3ʹ 

Quantitative real-time PCR (qPCR) was carried out using a Qiagen Rotor-Gene Q 

System. Each PCR consisted of 2 L of a 1/50 dilution of cDNA, 10 L SYBR
®
 Green

PCR Master Mix (Biorad, Australia), and 300 nM of each primer pair in a final volume 

of 20 L. 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., (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 versus 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 
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from the GAPDH reference were calculated using Microsoft Excel to give CT values. 

CT 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
–CT values (Livak and

Schmittgen, 2001), plotted in GraphPad v5 (GraphPad Software Inc, La Jolla, CA, 

USA). 

3.3.3 DNA extraction and genotyping 

Genomic DNA 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 labelled forward primer and an unlabelled 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 L. 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
o
C for 5 min. Random samples of PCR product (6 L)

from each plate were electrophoresed on 3% agarose gels for 30 min at 90 V to confirm 

fragment size. 

Following amplification, 0.5 L of the PCR product was combined with 9.25 L of Hi-

Di™ Formamide and 0.25 L GeneScan™-500 LIZ™ size standard 1/10 dilution 
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(Applied Biosystems) in a final volume of 10 L and run on an Applied Biosystems 

Hitachi ABI-3130 Genetic Analyzer (Applied Biosystems). GeneMapper® software 

v4.0 (Applied Biosystems) was used to determine genotype; all alleles were verified 

manually. 

3.3.4 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 analysed 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 (Chicago, IL, USA). The 

model was adjusted for confounding factors such as gender and age. 

3.4 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). 
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We measured the expression of the most abundant α-synuclein mRNA transcript which 

encodes the wildtype SNCA-140 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 (analysis of variance (ANOVA), F1,58 = 6.493; P = 0.013; Figure 3.1). 

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, SNCA-140 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. 
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Figure 3.1: Expression of α-synuclein mRNA in controls and alcoholic cases. ΔCT 

values were converted to 2
–ΔCT values. Data are presented as a box plot showing the

range of values from the 25
th

 percentile to the 75
th

 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 (analysis of variance, F1,58 = 6.493; P = 

0.013).  

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

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

frequencies of SNCA-Rep1 in a case-control study. Table 3.2 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 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 
2
 values and associated P values for SNCA-Rep1 from CLUMP analysis are

shown in Table 3.2. A significant difference in genotype and allele frequency was seen 

between controls and alcoholics. From the preliminary statistical analysis, the 
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SNCA-Rep1 267 bp allele was identified as a potential risk allele for alcohol misuse. 

Logistic regression showed that subjects with at least one copy of the SNCA-Rep1 

267 bp allele were more likely to have been alcohol misusers (adjusted odds ratio = 

2.21, df = 1, P = 0.012; 95% confidence interval = 1.19–4.11). 

Table 3.2: Association analysis of genotype and allele frequencies of SNCA-Rep1. 

 Genotype frequency n (%) 
 

Allele frequency n (%) 

Controls Alcoholics 2
 (P)  Controls Alcoholics 2

 (P) 

SNCA-Rep1 267/267 

267/269 

269/269 

267/271 

269/271 

271/271 

Total 

  6 (4.8) 

42 (33.3) 

48 (38.1) 

  3 (2.4) 

26 (20.6) 

  1 (0.8) 

    126 

11 (9.4) 

55 (47) 

37 (31.6) 

  1 (0.85) 

12 (10.3) 

  1 (0.85) 

    117 

8.393 

(0.042) 

267 

269 

271 

  57 (22.6) 

164 (65.1) 

  31 (12.3) 

  78 (33.3) 

141 (60.3) 

  15 (6.4) 

 

9.913 

(0.0054) 

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 3.2). 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%). 
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Figure 3.2: Effect of SNCA-Rep1 genotype on α-synuclein mRNA expression. ΔCT 

values were converted to 2
–ΔCT values. Data are presented as a box plot showing the 

range of values from the 25
th

 percentile to the 75
th

 percentile with a line representing the 

median value. ‘No risk’ denotes individuals without a copy of the SNCA-Rep1 267 bp 

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 (analysis of variance, F1,58 = 13.399; P 

= 0.001). 

3.5 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 misuse 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 
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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., 2005b, 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 misused 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 (2005b) showed that alcohol-dependent individuals had longer 

SNCA-Rep1 alleles than controls and that the length of these alleles 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 
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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 

-synuclein in the pathophysiology of chronic alcohol misuse. 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 -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 -synuclein could thus 

interfere with some or all of these processes. 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 signalling. Self and 

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

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

α-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 -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 
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transcripts are among the most marked alterations in human alcoholic prefrontal cortex 

(Buckley and Dodd, 2004, Dodd and Lewohl, 1998, Lewohl et al., 1997a, Lewohl et al., 

1997c, 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 misuse (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 

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

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

increase the risk for the development of alcohol misuse. The increased prevalence of the 

allele was associated with lower expression levels of α-synuclein. Further studies on the 

expression of - and -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 3ʹ-UTR, on the expression of the 

gene and their association with chronic alcohol misuse.  
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Chapter 4: Differential expression of α-synuclein splice variants in the 

brain of alcohol misusers: Influence of genotype 

This chapter was published in Drug and Alcohol Dependence as an original 

investigation. The formatting and referencing has been modified to maintain 

consistency throughout the thesis, the text therefore, appears slightly modified to the 

published version. 

Paulina Janeczek, Corinne Brooker, Peter R. Dodd and Joanne M. Lewohl 
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4.1 Abstract 

Chronic alcohol misuse causes damage in the central nervous system that may lead to 

tolerance, craving and dependence. These behavioural changes are likely the result of 

cellular adaptations that include changes in gene expression. α-Synuclein is involved in 

the dopaminergic reward pathway, where it regulates dopamine synthesis and release. 

Previous studies have found that the gene for α-synuclein, SNCA, is differentially 

expressed in alcohol misusers. The present study measured the expression of three α-

synuclein variants, SNCA-140, SNCA-112, and SNCA-115 in the prefrontal cortex of 

controls and alcohol misusers with and without cirrhosis of the liver. In addition, eight 

SNPs located in the 5ʹ- and 3ʹ-UTRs were genotyped in a Caucasian population of 125 

controls and 115 alcohol misusers. The expression of SNCA-140 and SNCA-112 was 

significantly lower in alcohol misusers with cirrhosis than in controls. However, SNCA-

115 expression was significantly greater in alcohol misusers with cirrhosis than in 

controls. Allele and genotype frequencies differed significantly between alcohol 

misusers and controls for three SNPs, rs356221, rs356219 and rs2736995. Two SNPs, 

rs356221 and rs356219, were in high linkage disequilibrium. There was no increased 

risk of alcoholism associated with specific genotypes or haplotypes. Our results suggest 

that the rs356219/356221 G-A haplotype may decrease the chance of having an alcohol 

misuse phenotype. These findings suggest that alcohol misuse may alter the expression 

of the individual α-synuclein splice variants differently in human brain. There was no 

evidence of an effect of sequence variation on the expression of α-synuclein splice 

variants in this population. 

Keywords: haplotype; human; prefrontal cortex; SNCA, variants, 3ʹ-UTR 
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4.2 Introduction 

Alcohol misuse results in a significant burden of disease in Australia and throughout the 

world. This is commonly attributed to the effects of alcohol on the brain and liver, 

resulting in brain damage and liver cirrhosis respectively (Crews et al., 2005). However, 

alcohol affects all organs of the body and is associated with an increased incidence of 

some types of cancers, greater susceptibility to inflammatory diseases, and difficulties 

with wound and bone healing (Miranda et al., 2010). The mechanism by which alcohol 

causes such diverse effects is not well understood. 

In the brain, chronic alcohol misuse results in persistent changes in function that are 

manifested as tolerance, physical dependence, craving, and other behavioural changes 

(Nestler and Aghajanian, 1997). The changes in brain function originate from 

alterations in gene expression that, in turn, underlie the cellular adaption to chronic 

alcohol misuse (Anni and Israel, 2002, Nestler, 2000). We and others have used whole-

genome microarrays to delineate genes with altered expression in the brain following 

long-term alcohol consumption (Lewohl et al., 2000, Liu et al., 2004, Liu et al., 2006, 

Mayfield et al., 2002), as well as the potentially confounding effects of concomitant 

diseases such as liver cirrhosis (Liu et al., 2007). The studies have identified genes that 

likely underlie the adaptive response of neurons in the prefrontal cortex, a brain region 

that is particularly susceptible to long-term alcohol misuse. These include genes 

involved in protein trafficking, myelination, ubiquitination, apoptosis, cell adhesion, 

neurogenesis, and neural disease. Studies using whole-genome microarrays (Lewohl et 

al., 2000, Liu et al., 2004, Liu et al., 2007, Liu et al., 2006, Mayfield et al., 2002) and 2-

D gel proteomics (Etheridge et al., 2009, Lewohl et al., 2004) have suggested that α-

synuclein is differentially regulated in the brain of alcohol misusers relative to controls. 
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A recent study analysing data available from GWAS, animal and human genetic and 

gene expression studies found the α-synuclein gene, SNCA to be the top candidate gene 

for alcoholism (Levey et al., 2014). 

α-Synuclein mRNA exists in at least four distinct splice variants that produce functional 

polypeptides. These variants vary in their coding sequence as well as in the lengths of 

their 3ʹ-UTRs. The variants include the full-length (wild type) sequence comprised of 6 

exons that encodes a 140 amino acid protein. Three shorter exon skipping variants 

include the 126 amino acid variant, a transcript missing exon 3; the 112 amino acid 

variant, which is missing exon 5; and the 98 amino acid variant, where both exons 3 and 

5 are absent. Although little is known about the function of the polypeptides that arise 

from these individual splice variants, studies have shown that the variants exhibit 

distinct expression profiles in both healthy brain tissue and in neuropathological 

conditions such as Parkinson disease, Lewy body disease and Alzheimer disease (Beyer 

et al., 2008, Cardo et al., 2014). Additional splice variants are predicted in the Ensembl 

database, including one encoding a 115 amino acid variant (ENST00000502987) 

comprised of exons 1–4 and the first 393 nucleotides of intron 4. This variant thus 

contains a unique 3ʹ-UTR regulatory region however it is not known if any of these 

predicted splice variants produce functional polypeptides. 

Studies measuring the expression levels of α-synuclein in the prefrontal cortex of 

human alcohol misusers have shown conflicting findings: some studies show lower 

expression in this brain region (Etheridge et al., 2009, Janeczek et al., 2014, Lewohl et 

al., 2004, Lewohl et al., 2000), and several additional studies show no difference in 

expression relative to controls (Liu et al., 2004, Liu et al., 2006, Mayfield et al., 2002). 
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This is likely due to the fact that these studies did not measure the expression of 

individual splice variants. 

SNCA contains a number of SNPs and microsatellite repeat regions throughout the gene. 

Of particular interest are those in the promoter region and 3ʹ-UTR that have the 

potential to influence expression of the gene. The SNCA-Rep1 region is a microsatellite 

repeat ~10 kb upstream of the translation start site. Variability in the length of this 

region has been associated with differences in expression. Specifically, there was a 

significantly higher frequency of the longer SNCA-Rep1 alleles in alcohol-dependent 

individuals that was correlated with higher α-synuclein expression in blood (Bonsch et 

al., 2005b), whereas we found a higher frequency of the shorter 267 bp allele in long-

term alcohol misusers that was correlated with reduced expression of α-synuclein in the 

dorsolateral prefrontal cortex (Janeczek et al., 2014). 

The 3ʹ-UTR of SNCA is highly conserved across species (Sotiriou et al., 2009) and few 

of the SNPs identified in this region exhibit sufficient heterozygosity for further study. 

However, alcohol-use phenotypes have been associated with SNCA 3ʹ-UTR 

polymorphisms. Specifically, a haplotype block consisting of six SNPs (rs2736990, 

rs356168, rs356200, rs7684318, rs356221 and rs356219) was over-transmitted to 

alcohol cravers and the complementary haplotype block was over-transmitted to non-

cravers (Foroud et al., 2007). An additional SNP, rs2736995 was also found to be 

associated with alcohol craving in this same study (Foroud et al., 2007). A study by 

Wilcox and colleagues found an association between SNPs in α-synuclein and alcohol-

evoked taste cue (BOLD) responses in brain regions associated with craving (Wilcox et 

al., 2013). The SNPs rs356168, rs2301134 and rs2736990 were found to be associated 

with a greater BOLD response (Wilcox et al., 2013). Thus, a key question is whether 
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genetic variation, particularly within the 3ʹ-UTR, affects the expression of α-synuclein. 

Here, we used real-time PCR to measure the expression of three splice variants, the two 

most-abundant variants, SNCA-140 and SNCA-112, as well as SNCA-115, a variant 

predicted to have a unique 3ʹ-UTR, in the prefrontal cortex of alcohol misusers with and 

without cirrhosis of the liver and matched controls. A case-control approach was used to 

determine if a haplotype block in the SNCA 3ʹ-UTR, along with other SNPs of interest, 

were associated with alcohol misuse. The approximate location of each of these SNPs in 

the SNCA gene is shown in Figure 4.1. We also investigated the influence of the SNCA 

3ʹ-UTR haplotype block on the expression of the gene. 

Figure 4.1: A representation of the human α-synuclein gene as in Xia et al., (2001) 

and adapted from (Janeczek and Lewohl, 2013). The exons (Ex) and introns (Int) are 

represented by the black/grey boxes and white boxes respectively. The start (ATG) and 

stop (TAA) codons have been marked. For the purpose of this diagram introns 2 and 4 

have been collapsed due to their size, as shown by the two diagonal lines. The diagram 

shows the approximate positions of the eight polymorphisms included in this study and 

the Foroud et al., (2007) study. These polymorphisms have been associated with alcohol 

misuse, alcohol craving or alcohol dependence in previous studies (Agrawal et al., 

2013, Bonsch et al., 2005b, Clarimon et al., 2007, Foroud et al., 2007, Janeczek et al., 

2014). 



Page | 48 

4.3 Materials and Methods 

4.3.1 Tissue samples 

The Griffith University Human Ethics Committee provided ethical clearance for the 

project (MSC/02/06/HREC). The human brain tissue samples were collected by the 

Queensland Brain Bank, School of Chemistry and Molecular Biosciences, University of 

Queensland and the NSW Tissue Resource Centre, University of Sydney. Autopsied 

tissue samples were immersed in ~10 vol of 0.32 M sucrose and slowly frozen to best 

preserve the blocks (Dodd et al., 1986). The frozen samples were stored at –80
o
C until

the RNA isolation outlined below. The region selected for analysis was the dorsolateral 

prefrontal cortex (Brodmann areas 6 and 8). 

4.3.2 Case selection 

For genotyping studies, DNA was extracted from 125 controls and 115 alcohol 

misusers. Subjects were classified by their daily average ethanol consumption in most 

of their adult life as reported in their medical records. Controls were those who 

consumed an average of <20 g of ethanol per day or were teetotalers; alcohol misusers 

were those who had a mean intake of >80 g of ethanol per day (for 30 years on 

average). All cases were of European origin. No schizophrenic case was included. 

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

available (Appendix 1). This cohort consisted of 61 individuals: 24 controls and 37 

alcohol misusers. Alcohol misusers were further divided into those without comorbid 

disease (uncomplicated alcohol misusers, 25 cases) and those with pathologically 

confirmed cirrhosis of the liver (cirrhotic alcohol misusers, 12 cases). Alcohol misusers 

with cirrhosis of the liver generally have more severe brain damage compared to those 

without liver cirrhosis (Zahr et al., 2011). Damage to the liver due to long-term alcohol 
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misuse results in a higher effective dose reaching the brain, and greater 

neuropathological damage (Harper, 1998). In addition, the expression profile in the 

prefrontal cortex of alcohol misusers with cirrhosis of the liver is distinct from those 

without cirrhosis of the liver (Liu et al., 2007). 

Cases and controls were matched as closely as possible for gender, age at death and post 

mortem interval. No subject suffered from any other known condition at the time of 

death, nor did they take psychoactive drugs or medications for psychiatric conditions. 

Individuals with Wernicke-Korsakoff syndrome, hepatic encephalopathy or any other 

neurological condition were excluded. The gender, age, PMI and brain weight of the 

cases in each group are detailed in Table 4.1. 

Table 4.1: Case information - expression study. 

Group N Age (y) PMI (h) Brain weight (g) 

Control  

(13 female, 11 male) 
24 59.00 ± 2.81 30.58 ± 5.01 1328.96 ± 24.95 

Alcohol misuser  

(10 female, 15 male) 
25 51.75 ± 2.83 30.16 ± 3.40 1339.48 ± 26.03 

Cirrhotic alcohol misuser 

(6 female, 6 male) 
12 60.33 ± 4.19 24.26 ± 6.08 1234.50 ± 32.94 

4.3.3 RNA isolation and reverse transcription 

TRIzol™ (Gibco BRL, Invitrogen, Mt Waverly, Victoria, Australia) was used to extract 

total RNA according to the manufacturer’s instructions. The quantity of RNA attained 

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

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

electropherograms produced by the Agilent 2100 bio-analyzer (Palo Alto, CA, USA). 
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High quality total RNA samples produce distinct 18S and 28S ribosomal peaks and lack 

multiple peaks corresponding to smaller RNA fragments. Whereas, a decrease in 28S 

rRNA peak area, an increase in the baseline area below the 18S rRNA that spreads with 

smaller 28S rRNA fragments and a rise in the baseline between the 18S and 28S rRNA 

is indicative of a degraded sample. Degraded samples were excluded from further study. 

Total RNA was stored in aliquots of 20 µL that were reverse-transcribed into cDNA by 

previously established methods (Ho et al., 2010, MacKay et al., 2011), diluted 1/50, and 

stored at –80°C until required. 

4.3.4 Primer design 

Primer Express® v1.5 Software (Applied Biosystems, Mulgrave, VIC, Australia) was 

used to design the primers, which were synthesized by Sigma-Aldrich P/L (Castle Hill, 

NSW, Australia). Each primer set was verified for specificity using the Basic Local 

Alignment Search Tool from the GenBank non-redundant nucleotide sequence database 

(Altschul et al., 1997). To eliminate gDNA amplification, all assays were designed such 

that at least one primer spanned an exon boundary. For the SNCA-115 variant, the 

primers included part of the sequence of intron 4. The primer sequences are shown in 

the supplementary material, Table S4.1. The efficiency of each primer pair was 

determined using previously established methods (Pfaffl, 2001). 

4.3.5 Real-time PCR 

Real-time PCR was conducted on a 72 well rotor QIAGEN Rotor-Gene Q as previously 

described. In brief, each reaction contained 2 µL of 1/50 sample cDNA, 10 µL of Bio-

Rad SYBR Green PCR Master Mix (Bio-Rad Laboratories Pty Ltd, Gladesville, NSW, 

Australia), 300 nM of each primer in a final reaction volume of 20 µL. Duplicate 

amplifications were performed for each sample. No-template controls were included for 
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each primer pair. As in previous studies, GAPDH was used as the reference gene (Ho et 

al., 2010, MacKay et al., 2011). The expression of GAPDH was not affected by disease 

state (ANOVA: F2,62 = 0.932, P = 0.399). 

The differences between the mean CT values of the duplicates for each variant and the 

endogenous control gene, GAPDH were calculated to give CT values used for 

statistical analysis. The relative quantitation value was then expressed as 2
−ΔCT

 for

presentation as outlined in previous studies (Ho et al., 2010, Livak and Schmittgen, 

2001, MacKay et al., 2011). Statistical analysis was conducted using IBM SPSS 

Statistics 22 software (SPSS Inc, Chicago, IL, USA). ANOVA was followed, where 

appropriate, by the Tukey HSD post hoc test. The effects of age at death, PMI and brain 

weight were determined using linear regression analysis. Where significant, covariance 

analysis (ANCOVA) was used to normalize that data and produce adjusted least-square 

mean and SEM values. 

4.3.6 DNA extraction and genotyping 

Phenol/chloroform extraction followed by ethanol precipitation was used to extract 

gDNA from human brain tissue (Sambrook et al., 1989). Five of the eight SNPs were 

genotyped using the High Resolution Melt (HRM) method with the Qiagen Rotor-Gene 

Q System and two SNPs with the Corbett Rotor-Gene
™

 6000 Analyzer according to the

manufacturer’s instructions. 

For the SNPs analysed on the Qiagen system, each reaction consisted of 20 ng of 

gDNA, 1 Colourless GoTaq
®
 Flexi buffer, 2–3 mM of MgCl2, 400–800 µM of dNTPs

(Promega, Annandale, NSW, Australia), forward and reverse primers (see 

Supplementary material; Table S4.1) at 300 nM, 1.5 µM SYTO
®
 9 green fluorescent

nucleic acid stain (Invitrogen), 0.5 U of GoTaq
®
 Flexi Hot Start DNA Polymerase
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(Promega) in a final volume of 25 µl. Cycling conditions were: 95°C for 10 min, 95°C 

for 10 s, “annealing temperature” for 10 s, followed by an increase in temperature from 

70°C to 80°C in increments of 0.1°C. Annealing temperatures for each primer pair can 

be found in the supplementary material; Table S4.1. Rotor-Gene Q Software was used 

to analyse the resultant melt curves. 

The rs2301134 and rs2736990 SNPs were genotyped using the HRM method with the 

Corbett Rotor-Gene
™

 6000 as outlined in the HRM
™

 High Resolution Melt Assay 

Design and Analysis, CorProtocol
™

 (Corbett Life Science, Mortlake, NSW, Australia). 

For the SNPs analysed on the Corbett system, each reaction mixture contained 1 

Colourless GoTaq
®
 Flexi buffer, 0.5 U of GoTaq

®
 Flexi Hot Start DNA Polymerase, 

3 µM MgCl2, 0.2 µM dNTPs (Promega), 1.5 µM of SYTO
®

 9 green fluorescent nucleic 

acid stain (Invitrogen), 0.3 µM of both forward and reverse primers and 40 ng of DNA 

in a final volume of 25 µl. Cycling conditions were: 95°C for 5 min, 95°C for 5 s, 60°C 

for 10 s, followed by an increase in temperature from 70°C to 88°C in increments of 

0.1°C. For each SNP, a representative sample of each genotype was sequenced to 

confirm that the correct product has been amplified. The samples were sequenced on an 

Applied Biosystems Hitachi ABI-3130 Genetic Analyzer. 

Rs2736995 was genotyped using PCR-RFLP. The reaction mixture contained 0.2 µM 

each of the forward and reverse primers, 1 Colourless GoTaq
®
 Flexi buffer, 2 mM 

MgCl2, 0.1 µM of dNTPs (Promega) and 20 ng of gDNA in a final volume of 25 µL. 

Cycling conditions were: 95°C for 10 min, then 40 cycles of 95°C for 30 s, 60°C for 

30 s and 72°C for 30 s, followed by a final extension step of 72°C for 5 min. The PCR 

was performed using the Mastercycler
®
 ep gradient S (Eppendorf, North Ryde, NSW, 

Australia). The PCR product was digested using BtsCI restriction enzyme (New 
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England Biolabs Inc. Genesearch P/L, Arundel, QLD, Australia). The final reaction 

volume of 15 µl contained 12 U of BtsCI, 1 enzyme NEBuffer 4 (New England 

Biolabs Inc. Genesearch P/L), 7 µl of PCR product and was incubated at 65°C for 16 h. 

The digested products were separated by agarose gel electrophoresis. 

4.3.7 Statistical analyses 

The allele and genotype frequencies for the eight SNPs were analysed using 
2
, odds-

ratio and the Hardy-Weinberg Equilibrium test. These tests were performed with the 

HWE and Association Testing for SNPs in Case-Control Studies DeFinetti program 

(http://ihg.gsf.de/cgi-bin/hw/hwa1.pl). The Haploview v4.2 (Barrett et al., 2005) 

program was used for Linkage Equilibrium (LD) analysis (D' and r
2
), haplotype 

prediction and case-control haplotype frequency comparison. The analysis included 
2
 

tests with 10 000 permutations to correct for multiple testing bias. For SNPs that were 

found to have a significant difference in allele and genotype frequencies between 

alcohol misusers and controls based on χ
2
 analysis, we then looked closely at the 

frequencies (Table 4.3) to choose alleles that may increase or decrease the chance of an 

individual developing an alcohol misuse phenotype OR being in the control or alcohol 

misuser group. These would be defined as ‘risk’ and ‘protective’ alleles. To determine if 

any ‘risk’ alleles/haplotypes identified from the frequency results predict higher odds of 

an individual having an alcohol misuse phenotype, each individual that had at least one 

copy of the ‘risk’ allele/haplotype was assigned a value of 1 and all other samples were 

coded as 0. Logistic regression was then performed using IBM SPSS Statistics 22 

software (SPSS Inc). The model was adjusted for sex, as initial analysis showed 

correlations with the case/control variable (r = 0.188, P = 0.003). We then used the 

independent samples t-test (SPSS Inc) to investigate the effect of SNCA 3ʹ-UTR 
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haplotypes on α-synuclein expression. We used the same method to determine if any 

‘protective’ alleles or haplotypes identified from the frequency results predicted 

decreased odds of an individual having an alcohol misuse phenotype. Differences were 

considered statistically significant at P < 0.05. 

4.4 Results 

4.4.1 Expression study 

We measured the expression of the two most abundant α-synuclein transcripts, the wild 

type SNCA-140 variant, the shorter SNCA-112 variant, as well as the SNCA-115 variant, 

in the dorsolateral prefrontal cortex of chronic alcohol misusers and age- and sex-

matched controls using real-time PCR. 

Case information is outlined in Table 4.1. Alcohol misusers and controls were matched 

as closely as possible for PMI and age at death. There was no significant difference in 

age at death or PMI between the groups (Age: F2,58 = 2.243, P = 0.115; PMI: F2,58 = 

0.408, P = 0.667). Overall, mean brain weights were significantly different across 

groups (F2,58 = 3.163, P = 0.05). Post hoc testing showed that brain weights of the 

cirrhotic alcohol misusers group were significantly lower than the uncomplicated 

alcohol misusers group (P = 0.05) but not when compared with controls (P = 0.088). To 

determine if the expression of any α-synuclein transcript was correlated with age at 

death, PMI, or brain weight, linear regression was performed on each parameter. 

Regression analysis was carried out using all subjects combined and with subjects 

separated according to alcohol status (controls vs. combined alcohol misusers). 
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Table 4.2: Regression analysis. 

Age at Death   

Combined Cases SNCA-140 F1,59 = 0.064, P = 0.802 

 SNCA-112 F1,59 < 0.001, P = 0.982 

 SNCA-115 F1,59 = 0.887, P = 0.35 

   

Post mortem Interval   

Combined Cases SNCA-140 F1,59 = 0.020, P = 0.888 

 SNCA-112 F1,59 = 0.440, P = 0.509 

 SNCA-115 F1,59 = 3.432, P = 0.07 

   

Brain Weight   

Combined Cases SNCA-140 F1,59 = 10.475, P = 0.002 

 SNCA-112 F1,59 = 4.191, P = 0.045 

 SNCA-115 F1,59 = 10.904, P = 0.002 

Overall there was no significant correlation between the expression of any splice variant 

and age at death in combined subjects (Table 4.2), or for cases separated into their 

respective groups, with the exception of SNCA-115, which was significantly correlated 

with age at death in control subjects only (F1,22 = 7.447, P = 0.012). Inspection showed 

that the expression of SNCA-115 increased with age at death. There was no such 

correlation in combined alcohol misusers (F1,35 = 0.359, P = 0.553). ANCOVA on the 

expression of SNCA-115 using age at death as the covariate did not alter the pattern of 

effects observed with ANOVA alone. As the case groups did not differ significantly on 

age at death, a simple factorial ANOVA was appropriate to analyse the data. 

There was no significant correlation between the expression of any splice variant and 

PMI for combined cases although this did approach significance for SNCA-115 (Table 

4.2). There was also no significant correlation between the expression of any splice 

variant and PMI for cases separated into their respective groups, with the exception of 

SNCA-115, which was significantly correlated with PMI in combined alcohol misusers 

only (F1,35 = 5.134, P = 0.03). Inspection showed that the expression of SNCA-115 

increased with longer PMIs. There was no such correlation in control subjects (F1,22 = 
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0.096, P = 0.759). ANCOVA on the expression of SNCA-115 with PMI as the covariate 

did not alter the pattern of effects observed with ANOVA alone. As the case groups did 

not differ significantly on PMI, a simple factorial ANOVA was appropriate to analyse 

the data. 

The expression of each splice variant was significantly correlated with brain weight in 

combined subjects (Table 4.2). When case groups were analyzed separately, expression 

values for the SNCA-140 and SNCA-115 transcripts were significantly correlated with 

brain weight in combined alcohol misusers (SNCA-140: F1,35  = 5.151, P = 0.029; 

SNCA-115: F1,35 = 12.796, P = 0.001) but not in controls (SNCA-140: F1,22 = 4.709, P = 

0.041; SNCA-115: F1,22 = 0.357, P = 0.557). There was no significant correlation with 

the SNCA-112 variant in combined alcohol misusers or controls (alcohol misusers: F1,35 

= 3.086, P = 0.09; controls: F1,22 = 0.736, P = 0.40). Since the case groups differed 

significantly in brain weight we performed all statistical tests using both a simple 

factorial ANOVA and an ANCOVA with brain weight as the covariate. The same 

pattern of effects was observed in both analyses. 

The expression of SNCA-140 (ANCOVA: F3,57 = 7.919, P < 0.001), SNCA-112 

(ANCOVA: F3,57 = 2.801, P = 0.048), and SNCA-115 (ANCOVA: F3,57 = 6.062, 

P = 0.001) was significantly different between groups. The expression of the SNCA-140 

transcript was significantly lower in cirrhotic alcohol misusers compared with both 

controls (Tukey HSD, P =0.001) and uncomplicated alcohol misusers (Tukey HSD, 

P = 0.003). The expression of the SNCA-112 variant was significantly lower in cirrhotic 

alcohol misusers compared with controls (Tukey HSD, P = 0.048) but not with 

uncomplicated alcohol misusers (Tukey HSD, P = 0.087). Conversely, the expression of 

the SNCA-115 variant was significantly greater in cirrhotic alcohol misusers compared 
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with both controls (Tukey HSD, P = 0.008) and uncomplicated alcohol misusers (Tukey 

HSD, P = 0.012; Figure 4.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Relative mRNA expression levels of the three transcript variants 

SNCA-140, SNCA-112 and SNCA-115 in controls, alcohol misuse and cirrhotic-

alcohol misuse cases. CT values have been converted to 2
-CT

 values. The expression 

of SNCA-140 was significantly lower in cirrhotic alcohol misusers than in both the 

controls and uncomplicated alcohol misusers. The expression of the SNCA-112 variant 

was significantly lower in cirrhotic alcohol misusers than in controls only. The 

expression of the SNCA-115 variant was significantly greater in cirrhotic alcohol 

misusers compared with both controls and uncomplicated alcohol misusers. *Significant 

results (P < 0.05 vs. controls). 
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4.4.2 Genotyping study 

To investigate the potential influence of polymorphisms in the SNCA 3ʹ-UTR and 

elsewhere in the gene, we genotyped our population for the eight SNPs shown in Figure 

4.1. Six of the eight SNPs (rs356221, rs356219, rs7684318, rs2736990, rs2736995 and 

rs2301134) were in HWE (P = 0.47, P = 0.46, P = 1.00, P = 1.00, P = 0.67 and P = 1.00 

respectively); two (rs356168 and rs356200) were not (P = 0.018 and P = 0.011 

respectively). 

The allele and genotype frequencies differed significantly between alcohol misusers and 

controls for rs356221, rs356219 and rs2736995 (Table 4.3), where the T allele and TT 

genotype were more frequent in alcohol misusers than in controls for rs356221 and 

rs2736995, and the A allele and AA genotype were more frequent in alcohol misusers 

than in controls for rs356219. No significant difference was found between alcohol 

misusers and controls for the other SNPs (rs7684318, rs2736990, rs2301134, rs356168 

and rs356200). A number of the SNPs in our study (rs2736990, rs356168, rs356200, 

rs7684318, rs356221 and rs356219) have previously been associated with alcohol 

craving as part of a 3ʹ-UTR haplotype block (Foroud et al., 2007). Therefore, we 

performed further analysis to establish if this haplotype existed in our population. The 

Haploview program was used to calculate LD between all of the SNPs. Strong LD was 

found between rs356219 and rs356221 (D' = 0.949; r
2
 = 0.587; Figure 4.3). Haplotype

analysis showed that the frequency of haplotype A-T was significantly lower in controls 

(Table 4.3), whereas a significantly lower frequency of haplotype G-A was seen in 

alcohol misusers. No significant difference was seen for the haplotype A-A. The 

frequency of the T-G haplotype in our population was less than 1% and therefore it was 

excluded from further analysis. Strong LD was also observed between rs356168 and 

rs356221 (D′ = 0.98; r
2
 = 0.789; Figure 4.3), however as rs356168 did not follow HWE
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this result only provides weak support of a link between rs356168 and rs356221, and 

was therefore excluded from further analysis. 

 

 

 

Figure 4.3: A visual presentation created by Haploview v4.2 (Barrett et al., 2005) 

of the pairwise LD found between the eight SNPs in this study. Estimates of LD for 

each pair are represented by the D′ value within the squares, the darker squares 

indicating strong evidence of LD. Strong LD was found between rs356219 and 

rs356221 (D′ = 0.949; r
2
 = 0.587). 
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Table 4.3: Genotype and allele frequencies for the eight SNCA SNPs and association results. 

SNP Genotype Genotype Freq. N (%) Allele Allele Freq. N (%) 

  Controls 
Alcohol 

misusers 
χ

2
  (P)  Controls 

Alcohol 

misusers 
χ

2 
(P) 

rs356168 AA   33 (26.4)   42 (36.5)  1.37 A 141 (56.4) 141 (61.3)  1.19 

 AG   75 (60.0)   57 (49.6) (0.241) G 109 (43.6)   89 (38.7) (0.276) 

 GG   17 (13.6)   16 (13.9)   250  230   

 
Total 

 
125  115         

rs356200 AA   31 (25.0)   34 (31.0)  0.37 A 138 (55.6) 128 (58.2)  0.31 

 AG   76 (61.3)   60 (54.5) (0.540) G 110 (44.4)   92 (41.8) (0.580) 

 GG   17 (13.7)   16 (14.5)   248  220   

 
Total 

 
124  110         

rs356221 AA   30 (24.4)   20 (17.4)  5.20 A 126 (51.2)   94 (40.9)  5.12 

 AT   66 (53.7)   54 (47.0) (0.023) T 120 (48.8) 136 (59.1) (0.024) 

 TT   27 (21.9)   41 (35.6)   246  230   

 
Total 

 
123  115         

rs356219 AA   39 (31.9)   59 (51.8)  9.97 A 142 (58.2) 164 (71.9)  9.75 

 AG   64 (52.5)   46 (40.3) (0.002) G 102 (41.8)   64 (28.1) (0.002) 

 GG   19 (15.6)     9 (7.9)   244  228   

 
Total 

 
122  114         

rs7684318 TT 102 (83.6)   86 (88.7)  1.14 T 224 (91.8) 183 (94.3)  1.05 

 TC   20 (16.4)   11 (11.3) (0.287) C   20 (8.2)   11   (5.7) (0.306) 

 CC     0 (0)     0   (0)   244  194   

 
Total 

 

122 
 

  97 
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Table 4.3: (continued)     

SNP Genotype Genotype Freq. N (%) Allele Allele Freq. N (%) 

  Controls 
Alcohol 

misusers 
χ

2
  (P)  Controls 

Alcohol 

misusers 
χ

2 
(P) 

rs2736990 TT   39 (31.2)   45 (39.5)  1.39 T 140 (56.0) 140 (61.4)  1.43 

 CT   62 (49.6)   50 (43.9) (0.239) C 110 (44.0)   88 (38.6) (0.231) 

 CC   24 (19.2)   19 (16.6)   250  228   

 Total 125  114         

rs2736995 TT   58 (48.0)   73 (64.0)  6.65 T 166 (68.6) 181 (79.4)  7.08 

 TG   50 (41.0)   35 (30.7) (0.010) G   76 (31.4)   47 (20.6) (0.008) 

 GG   13 (11.0)     6   (5.3)   242  228   

 Total 121  114         

rs2301134 TT   33 (26.4)   24 (21.1)  0.88 T 129 (51.6) 108 (47.4)  0.85 

 CT   63 (50.4)   60 (52.6) (0.348) C 121 (48.4) 120 (52.6) (0.355) 

 CC   29 (23.2)   30 (26.3)   250  228   

   Total 125  114       
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4.4.3 Determining potential risk and protective alleles and haplotypes 

The rs356219/rs356221 A and T alleles were identified as potential ‘risk’ alleles for 

alcohol misuse due to their allele frequencies and, as mentioned previously, the 

haplotype A-T frequency was found to be significantly lower in controls (Table 4.4). 

However, logistic regression did not show that subjects with at least one copy of the 

rs356219 A allele and rs356221 T allele were more likely to have an alcohol misuse 

phenotype (adjusted odds ratio (ORadj) = 1.467, df = 1, P = 0.255, 95% confidence 

interval (CI) = 0.758–2.838). When examined separately, no increased risk was found 

for either allele (rs356219: ORadj = 1.992, df = 1, P = 0.114, 95% CI = 0.848–4.679; 

rs356221: ORadj = 1.426, df = 1, P = 0.282, 95% CI = 0.747–2.722). 

Table 4.4: Association analysis of haplotypes formed by the SNPs: rs356221 and 

rs356219. 

Haplotype 
Controls 

frequency 

Alcohol 

misusers 

frequency 

Permutated χ
2

Permutated P 

AT 0.472 0.590 6.678 0.0265 

GA 0.406 0.284 7.839 0.0143 

AA 0.104 0.125 0.496 0.9380 

*χ
2
 and P values are based on observations of 10000 permutations to correct for

multiple testing bias.

*The frequency of the TG haplotype was less than 1% and therefore excluded from

analysis. Bold type indicates P < 0.05.

The frequency of the rs2736995 T allele was significantly greater in alcohol misusers, 

and was therefore identified as a potential ‘risk’ allele for alcohol misuse. We termed 

the T allele a ‘risk’ allele to determine if individuals with at least one copy of the allele 

were more likely to be an alcohol misuser. However, these individuals were not 
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significantly more likely to be an alcohol misuser (ORadj = 2.145, df = 1, P = 0.142, 

95% CI = 0.775–5.935). 

To determine if the 3ʹ-UTR haplotype block previously identified by Foroud and 

colleagues (Foroud et al., 2007) was associated with alcohol misuse in our population, 

we constructed haplotypes in two ways by grouping individuals on the basis of whether 

they had a copy of the risk haplotype or not. The first approach involved using tag SNPs 

to represent all the haplotypes present in the haplotype block to estimate association 

with an alcohol misuse phenotype. As most of the SNPs genotyped in our study fell into 

Foroud’s “block 3” (Foroud et al., 2007) we focused on the three tag SNPs that were 

significantly correlated with craving in that study. The second approach involved 

overlapping groups of three adjacent SNPs to form an extended haplotype. One of these 

haplotypes was over-transmitted to alcohol cravers (G-G-T-C-A-G, 10%) and its 

complementary haplotype (A-A-C-T-T-A, 50%) was over-transmitted to non-craving 

alcoholics (Foroud et al., 2007). 

Logistic regression showed that subjects with all three tag SNPs were not more likely to 

have an alcohol misuse phenotype (C-A-G: ORadj = 0.569, df = 1, P = 0.186, 95% 

CI = 0.247–1.312; T-A-A: ORadj = 0.611, df = 1, P = 0.094, 95% CI = 0.343–1.088; T-

T-A: ORadj = 1.327, df = 1, P = 0.424, 95% CI = 0.663–2.655). Furthermore, neither the 

extended haplotype over-transmitted to craving individuals, nor the haplotype over-

transmitted to non-craving individuals was more likely to have an alcohol misuse 

phenotype (ORadj = 0.350, df = 1, P = 0.080, 95% CI = 0.108–1.133; ORadj = 0.780, 

df = 1, P = 0.389, 95% CI = 0.443–1.372 respectively). 

The rs356219/rs356221 G and A alleles were identified as potential ‘protective’ alleles 

for alcohol misuse due to their allele frequencies. Also, as mentioned above, a 
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significantly lower frequency of the haplotype consisting of these protective G-A alleles 

was seen in alcohol misusers (Table 4.4). Logistic regression showed that subjects with 

at least one copy of the rs356219 G allele and rs356221 A allele were less likely to have 

an alcohol misuse phenotype (ORadj = 0.451, df = 1, P = 0.004, 95% CI = 0.263–0.774). 

When examined separately, both alleles were also found to be protective (rs356219: 

ORadj = 0.421, df = 1, P = 0.002, 95% CI = 0.245–0.725; rs356221: ORadj = 0.452, df = 

1, P = 0.009, 95% CI = 0.250–0.819). 

4.4.4 Determining the influence of genotype on α-synuclein expression 

Partitioning the expression data according to each individual’s SNCA genotype had no 

effect for any of the SNPs individually or in combination. Cases were again separated 

into groups for logistic regression on the basis of the previously established 3ʹ-UTR 

haplotype (Foroud et al., 2007) as well as the 3ʹ-UTR haplotype found in our 

population. Within the expression cohort, only one control individual was predicted to 

have the haplotype that was associated with cravers, while twenty individuals (8 

controls, 12 alcohol misusers) were predicted to have the complementary haplotype 

associated with non-cravers. Furthermore, 26 alcohol misusers and 17 control 

individuals had the haplotype found in our study population. There was no significant 

difference in α-synuclein expression of any of the transcripts when compared on this 

basis (Table 4.5). 
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*only one individual was predicted to have the haplotype that was associated with 

cravers (Foroud et al., 2007). 

 

Table 4.5: Influence of SNCA 3ʹ-UTR haplotypes on α synuclein expression. 

Risk Group Conditions Independent-Samples T test  

Rs356219/rs356221 

Risk Haplotype 

0 = other 

1 = rs356219   A    

   = rs356221   T 

SNCA-140: t(54) = 0.298, P = 0.767  

SNCA-112: t(54) = -0.054, P = 0.958 

SNCA-115: t(54) = -0.291, P = 0.772 

Rs356219/rs356221 

Protective Haplotype 

0 = other 

1 = rs356219   G    

   = rs356221   A 

SNCA-140: t(54) = -1.308, P = 0.196 

SNCA-112: t(54) = -0.728, P = 0.470 

SNCA-115: t(54) = -0.040, P = 0.968 

3 Tag SNP 1 

(Foroud et al., 2007) 

0 = other 

1 = rs7684318 C  

      rs356221   A  

      rs356219   G 

SNCA-140: t(48) = -0.303, P = 0.763 

SNCA-112: t(48) = 0.881, P = 0.383 

SNCA-115: t(48) = 0.875, P = 0.386 

3 Tag SNP 2 

(Foroud et al., 2007) 

0 = other 

1 = rs7684318 T  

      rs356221   A  

      rs356219   A 

SNCA-140: t(54) = -0.698, P = 0.488 

SNCA-112: t(54) = -1.014, P = 0.315 

SNCA-115: t(54) = -1.178, P = 0.244 

3 Tag SNP 3 

(Foroud et al., 2007) 

0 = other 

1 = rs7684318 T  

      rs356221   T  

      rs356219   A 

SNCA-140: t(54) = 0.603, P = 0.549 

SNCA-112: t(54) = 0.521, P = 0.605 

SNCA-115: t(54) = -0.982, P = 0.330 

Extended Haplotype 

Cravers  

(Foroud et al., 2007) 

0 = other 

1 =   rs2736990  T 

        rs356168    G 

        rs356200    G 

        rs7684318  C 

        rs356221    A 

        rs356219    G 

SNCA-140: not applicable* 

SNCA-112: not applicable* 

SNCA-115: not applicable* 

Extended Haplotype 

Non-Cravers 

(Foroud et al., 2007) 

0 = other 

1 =   rs2736990  C 

        rs356168    A 

        rs356200    A 

        rs7684318  T 

        rs356221    T 

        rs356219    A 

SNCA-140: t(48) = 0.734, P = 0.467 

SNCA-112: t(48) = -0.102, P = 0.919 

SNCA-115: t(48) = -0.871, P = 0.392 
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4.5 Discussion 

We measured the expression of three α-synuclein splice variants in the prefrontal cortex 

of human alcohol misusers. The expression of the SNCA-140 and SNCA-112 variants 

was significantly lower in the prefrontal cortex of cirrhotic alcohol misusers compared 

with controls. Conversely, the expression of the SNCA-115 variant was significantly 

higher in cirrhotic alcohol misusers compared with controls. There was no significant 

difference in the expression of the SNCA-140, SNCA-112 or SNCA-115 variants 

between uncomplicated alcohol misusers and controls. In previous studies α-synuclein 

has been shown to be differentially regulated in the prefrontal cortex in microarray 

(Lewohl et al., 2000) and proteomic (Lewohl et al., 2004) studies; however, neither of 

these techniques is definitive for highly homologous transcripts. Neuropathological 

studies have shown that chronic alcohol misuse results in significant brain damage 

which is exacerbated in individuals with concomitant liver cirrhosis (Harper and Kril, 

1989, Harper and Kril, 1991). This study is the first to report gene expression changes 

of individual splice variants in the brains of human alcohol misusers. However, it is not 

possible to determine whether the changes in α-synuclein expression observed in our 

study are the result of cirrhosis per se, reflect the extent of brain damage observed in 

cirrhotic alcohol misusers, or is the result of greater alcohol exposure in these 

individuals. 

α-Synuclein is expressed in response to a number of stimuli, including apoptotic signals, 

oxidative stress, and excitotoxicity, and is dysregulated in neurodegenerative diseases 

such as Parkinson and Alzheimer disease (Sidhu et al., 2004). Our study provides strong 

evidence that α-synuclein splice variants are differentially regulated following chronic 

alcohol misuse and that this dysregulation is selective for the pathologically susceptible 
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prefrontal cortex. Previous studies have shown that these variants exhibit distinct 

expression profiles in both healthy brain tissue and in neuropathological conditions such 

as Parkinson disease, Lewy body disease and Alzheimer disease (Beyer et al., 2008, 

Cardo et al., 2014). The functional differences between these splice variants remain 

unclear, however, it is likely that the shorter variants produce a protein with a different 

structure to the wild-type protein which may in turn affect their chaperone activity and 

aggregation properties (Beyer et al., 2008, Bungeroth et al., 2014). 

α-Synuclein is a negative regulator of dopamine release (Abeliovich et al., 2000, Perez 

et al., 2002). It alters dopamine synthesis via the transcriptional regulation of genes 

involved in dopamine synthesis (Baptista et al., 2003), and influences dopamine re-

uptake by the dopamine transporter (Wersinger and Sidhu, 2003). Complete or partial 

knockdown of α-synuclein in laboratory animals increases dopamine release 

(Abeliovich et al., 2000, Yavich et al., 2004), reduces dopamine uptake (Fountaine and 

Wade-Martins, 2007), and sensitizes the brain reward system (Oksman et al., 2006). 

Thus, reduced expression of the SNCA-140 and SNCA-112 variants may attenuate 

dopaminergic neurotransmission in the prefrontal cortex. In turn, this may increase the 

risk of neuronal damage and the inability for neurons to adapt to long-term alcohol 

exposure (Baptista et al., 2003, Yavich et al., 2004). α-Synuclein has dual roles in 

neuroprotection and neurotoxicity (Seo et al., 2002); the increased expression of SNCA-

115 may be one mechanism by which neurons adapt to the presence of alcohol. 

The expression of α-synuclein is modulated by exposure to alcohol and other drugs of 

misuse in both animal models and human subjects. Actively drinking and recently 

withdrawn alcohol misusers have elevated α-synuclein serum levels that correlate with 

increased craving for alcohol (Bonsch et al., 2005a, Bonsch et al., 2004). Primates that 
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self-administer alcohol have a three-fold higher expression of α-synuclein than alcohol-

naïve controls (Walker and Grant, 2006). Rats selectively bred for high alcohol 

preference have altered expression of SNCA as a result of a single polymorphic variant 

in its 3ʹ-UTR (Liang et al., 2003). The three splice variants measured in our study differ 

in one key aspect. SNCA-140 and SNCA-112 share the same 3ʹ-UTR although it is likely 

that the length of the 3ʹ-UTR varies between these transcripts. The SNCA-115 variant 

has a unique 3ʹ-UTR coded by part of intron 4. One potential mechanism by which these 

transcripts may be regulated could be through sequence variation in the 3ʹ-UTR of the 

gene. 

Thus, we examined the association between eight polymorphisms in the SNCA gene and 

an alcohol misuse phenotype, and the influence of genetic variation in these 

polymorphisms on the expression of α-synuclein splice variants. Allele and genotype 

frequencies were found to differ significantly between alcohol misusers and controls for 

three of the SNPs: rs356219, rs356221 and rs2736995. We performed further analysis 

to determine if LD existed in our population and found strong LD between rs356219 

and rs356221. Our results showed that both the A (rs356219) and T (rs356221) alleles 

were ‘risk’ alleles for alcohol misuse and that the frequency of haplotype A-T was 

significantly lower in controls, whereas a significantly lower frequency of haplotype G-

A was seen in alcohol misusers. The G (rs356219) and A (rs356221) alleles that make 

up the G-A haplotype, are both ‘protective’ alleles and the frequencies of both these 

alleles were lower in alcohol misusers. We therefore expected to see a higher frequency 

of the G-A haplotype in controls. We did not see evidence of the A and T alleles or 

haplotype being associated with an alcohol misuse phenotype in our population. It 

might be the case that two risk alleles are not enough to significantly increase 

susceptibility. As these two SNPs have previously been found to be part of haplotype 
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block by Foroud and colleagues (Foroud et al., 2007), perhaps a haplotype consisting of 

a greater number of risk alleles is required to increase an individual’s risk of being an 

alcohol misuser and produce a significant odds ratio. However we did find that the G 

and A alleles as well as the G-A haplotype decreased the odds of an individual having 

an alcohol misuse phenotype. These results suggest that individuals with either of these 

alleles may be protected. 

The other SNPs that have been reported to be in the same haplotype block (Foroud et 

al., 2007), were not in LD in our population. It is possible that single polymorphisms or 

small haplotypes do not have sufficient power to detect association (Foroud et al., 

2007). We also made comparisons between individuals using both the haplotype found 

in our population and the three tag SNP haplotypes corresponding to those previously 

published (Foroud et al., 2007). However, we did not find evidence of risk alleles that 

were associated with an alcohol misuse phenotype in our population. 

Although we found no evidence that sequence variation in the 3ʹ-UTR of the gene 

influenced the expression of α-synuclein splice variants, this does not preclude the 

involvement of the 3ʹ-UTR in the regulation of the gene. MiRNAs are known regulators 

of gene expression that exert their influence through interaction with the 3ʹ-UTR. The 

interactions between miRNAs and their target genes can be altered in both a direct and 

indirect manner, with the potential to enhance binding affinity of the miRNA to its 

target, to eliminate a binding site, to change the structure of the 3ʹ-UTR and prevent 

access to the binding site as well as create new, illegitimate binding sites. Thus, genetic 

variation in the 3ʹ-UTR that can modify miRNA binding target sites may lead to 

changes in post-transcriptional regulation of the gene (Chen et al., 2008, Georges et al., 

2007). Future studies should investigate the miRNA regulation of SNCA to provide 
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further insight into the pathophysiology of chronic alcoholism, focusing particularly on 

the effect of 3ʹ-UTR length and genetic variation on miRNA:target interactions and 

expression of the gene and the consequences this has on mediating the pathological 

effects of chronic alcoholism. 

This study demonstrates that alcohol differentially alters levels of the individual α-

synuclein splice variants in the prefrontal cortex of alcohol misusers with cirrhosis of 

the liver. Although we did see significant differences in frequencies for rs356219, 

rs356221 and rs2736995, and LD between rs356219 and rs356221, no significant 

haplotypes were found to predispose individuals to an alcohol misuse phenotype or 

have an effect on α-synuclein gene expression. However, our results suggest that the 

rs356219/356221 G-A haplotype may decrease the chance of having an alcohol misuse 

phenotype. Understanding the mechanisms that control α-synuclein expression is 

critical to identifying its role in neurodegeneration and the potential for modulating its 

expression levels in vivo as a therapy for neurodegenerative diseases, including chronic 

alcohol misuse. 
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4.6 Supplementary material 

  

Table S4.1: Primer sequences. 

  Primer Sequence Annealing 

Temp (
o
C) 

rs356168 Forward 5′ – CGCTTCTGTTTTGATTGTGGTA – 3′ 52 

 Reverse 5′ – GGAATCATGCCTGCTGCTAC – 3′  

rs356200 Forward 5′ – GCACCCTGGTTAATCAATTATCAG – 3′ 52 

 Reverse 5′ – GCTTGCTGTGATCAAGATGC – 3′  

rs356221 Forward 5′ – GGTTCATAAGAGAAGCCATCCTAG – 3′ 52 

 Reverse 5′ – GGCTAGAATTGCATAGGGAATTTC – 3′  

rs356219 Forward 5′ – TTGCATGGGTATACTGGTGGTTCT – 3′ 54 

 Reverse 5′ – TGCTGTGGGAAACAAGGTACTT – 3′  

rs7684318 Forward 5′ – TTTTCAAATGGGATTGTTTTACG – 3′ 56 

 Reverse 5′ – AACCATTTTTCTTTCTGTGTGTCA – 3′  

rs2736990 Forward 5′ – CTCTTGCTCCCTGTTACACACA – 3′ 60 

Reverse 5′ – AGATGATGAGCAGGCAGTCC – 3′ 

rs2736995 Forward 5′ – TATTCCCCCATCTCATGCTC – 3′ 60 

Reverse 5′ – GATTGCGATAGGCTTCTTGTG – 3′ 

rs2301134 Forward 5′ – GATAGTGGCGTGGAAAGAGG – 3′ 60 

Reverse 5′ – TCTAGGAAGAGCCGGAAAGG – 3′ 

SNCA-140 Forward 5′ – GTGTGGCAACAGTGGCTGAG – 3′ 61 

 Reverse 5′ – TGGGGCTCCTTCTTCATTCTTG – 3′  

SNCA-112 Forward 5′ – GTGTGGCAACAGTGGCTGAG – 3′ 61 

 Reverse 5′ – ATACCCTTCCTTGCCCAACTG – 3′  

SNCA-115 Forward 5′ – GTTGGGCAAGGTATGGCTGTGTA – 3′ 61 

 Reverse 5′ – GCCTGAAACAAGCAAGACCAATA – 3′  

GAPDH Forward 5′ – TGCACCACCAACTGCTTAGC – 3′ 61 

 Reverse 5′ – GGCATGGACTGTGGTCATGAG – 3′  
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Chapter 5: Differential expression of miRNAs in alcoholic brain 

This chapter forms part of the manuscript entitled: ‘MiRNA-regulation of the α5 subunit 

of the GABAA receptor in human alcoholic brain’, which is under review at Alcoholism: 

Clinical and Experimental Research as an original investigation for publication. The 

formatting and referencing has been modified to maintain consistency throughout the 

thesis. 

Paulina Janeczek, Natalie Colson, Tia A. Griffith, Peter R. Dodd and Joanne M. 

Lewohl 
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5.1 Abstract 

The extent of damage caused by excessive alcohol consumption on the brain is still 

largely unknown however significant structural and functional changes have been 

associated with alcohol use disorders. The mechanisms that lead to these changes in 

alcoholic brain are yet to be discovered. It is thought that the presence of ethanol in the 

brain induces changes to gene expression. Continued exposure can result in sustained 

alterations to gene expression, with neuronal cellular adaption and eventually neuronal 

loss as the outcome. MiRNAs are well known gene repressors and are highly abundant 

throughout the brain. They are capable of regulating several target genes and work to 

fine-tune expression levels of these genes. We measured expression levels of three 

alcohol responsive miRNAs, miR-203, miR-153 and miR-7 in the prefrontal cortex of 

human alcoholics and controls using real-time PCR. The results suggest that miRNAs 

are up-regulated in alcoholic brain and that these changes are more pronounced in 

female alcoholics with cirrhosis of the liver. These alterations to miRNA expression 

levels in alcoholic brain may in turn lead to gene dysregulation of vital synaptic genes. 

This could result in changes to neuronal function leading to neuronal loss, as well as, 

dopaminergic neurotransmission that mediates the reward circuitry in the brain and is 

likely to be involved in the persistence of alcohol misuse. Discovering how alcohol 

responsive genes are regulated in the brain and how these mechanisms are affected by 

ethanol will provide targets for more effective treatment for alcohol use disorders, other 

substance use disorders and potentially other neurodegenerative diseases. 

Keywords: human; prefrontal cortex; miRNA, expression, cirrhotic alcoholic, gender 
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5.2 Introduction 

Long-term alcohol misuse causes structural and functional changes to occur in the brain 

(Courville, 1955, Harper, 2009). These changes are thought to result from alterations to 

gene expression as a cellular response to the neurotoxicity of ethanol (Nestler and 

Aghajanian, 1997). The mechanisms of gene dysregulation may be crucial to 

discovering the pathophysiology of alcohol use disorders, as some individuals may be 

more susceptible to the effects of ethanol. MiRNA-mediated regulation is a well-known 

mechanism for fine-tuning expression of genes in brain (Bartel and Chen, 2004, 

Georges et al., 2007, Hornstein and Shomron, 2006). 

MiRNAs are short non-coding RNAs, highly abundant in the brain and regulate gene 

expression by binding to the 3ʹ-UTR region of their target mRNAs. Each miRNA binds 

to a specific target sequence in the 3ʹ-UTR referred to as the miRNA binding site that 

contains a ~8 nucleotide seed sequence and can be complementary or partially 

complementary. Once the miRNA binds to the 3ʹ-UTR of a target, translation of the 

mRNA is inhibited. Some miRNAs also target the mRNA for degradation (Bushati and 

Cohen, 2008). A single miRNA can regulate the expression of several genes as the 3ʹ-

UTR of a target gene can contain several binding sites for different miRNAs. Therefore 

miRNAs have the capacity to regulate a large network of genes involved in neuronal 

plasticity, much like the reward pathway in the prefrontal cortex (Schratt et al., 2006).   

A number of alcohol-responsive miRNAs have been identified through recent studies in 

rodent and cell culture models, as well as in human alcoholic brain (Balaraman et al., 

2012, Guo et al., 2012, Lewohl et al., 2011, Sathyan et al., 2007, Tapocik et al., 2013, 

van Steenwyk et al., 2013, Wang et al., 2009, Yadav et al., 2011). Rats with a history of 

alcohol dependence were found to have dysregulated expression levels of specific 
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miRNAs and their mRNA target transcripts in the prefrontal cortex (Tapocik et al., 

2013). To date, the only human studies reporting miRNA expression in alcoholic brain 

have been miRNA microarray studies performed on the prefrontal cortex of 

uncomplicated alcoholics (Lewohl et al., 2011). These miRNAs may have a role in the 

expression changes seen in response to ethanol exposure in alcoholic brain.  

The prefrontal cortex is particularly susceptible to the neurotoxic effects of ethanol and 

neuronal loss has been associated with alcohol misuse in this region (Harper and Kril, 

1989, Kril et al., 1997). Gene expression studies using the prefrontal cortex have shown 

significant variations in gene expression of several key synaptic proteins thought to be 

involved in alcohol addiction (Liu et al., 2006). Several of these genes found to be 

down-regulated in the prefrontal cortex are predicted targets of the ~35 alcohol 

responsive miRNA found to be up-regulated in the prefrontal cortex of alcoholic brain 

(Lewohl et al., 2011). This suggests that miRNA-mediated regulation may be involved 

in the expression changes and cellular adaptions seen in alcoholic brain. The prefrontal 

cortex forms part of the dopaminergic reward pathway and is responsible for executive 

functions. Alterations to gene expression, cellular adaptions, and essentially damage to 

this region of the brain, induced by long-term alcohol misuse are likely to contribute to 

the development and persistence of alcohol misuse and other drug addictions (Robison 

and Nestler, 2011). Changes to miRNA levels in this region following chronic alcohol 

misuse, may lead to gene dysregulation and induce the neuronal cellular adaptions that 

result in the functional and structural changes seen in alcoholic brain. 

The number of alcohol-responsive miRNAs is relatively small, however, as each 

individual miRNA has the capacity to control large numbers of genes, miRNA 

expression changes can have a profound impact on gene regulation and may have a role 

in the mechanisms involved in alcohol use disorders. In this study, we measured the 
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expression levels of three alcohol responsive miRNAs of interest, miR-7, miR-153 and 

miR-203 in the prefrontal cortex of human alcoholics using real-time PCR. MiR-7 and 

miR-153 have been validated to target a vital synaptic gene involved in dopaminergic 

neurotransmission (Doxakis, 2010). MiR-203 is predicted to target several genes down-

regulated in alcoholic brain.  

5.3 Materials and Methods 

5.3.1 Tissue samples 

Ethical clearance for the project was provided by the Griffith University Human Ethics 

Committee (MSC/02/06/HREC). The human brain tissue samples were collected by the 

Queensland Brain Bank, School of Chemistry and Molecular Biosciences, University of 

Queensland and the NSW Tissue Resource Centre, University of Sydney. The 

dorsolateral prefrontal cortex (Brodmann areas 6 and 8) was selected for analysis. 

Autopsied tissue samples were immersed in ~10 vol of 0.32 M sucrose and slowly 

frozen to best preserve the blocks (Dodd et al., 1986). The samples were stored at -80°C 

until the RNA was isolated as outlined below.  

5.3.2 Case selection and classification 

Expression studies were performed on a cohort consisting of 53 cases: 21 controls and 

32 alcoholics; all of European origin (Table 5.1). Alcoholics were further divided into 

two groups; uncomplicated alcoholics (23 cases), not suffering from co-morbid disease 

and cirrhotic alcoholics (9 cases), with pathologically confirmed cirrhosis of the liver. 

More severe brain damage is generally seen in alcoholics with cirrhosis of the liver 

compared to those without liver cirrhosis (Zahr et al., 2011). Damage to the liver caused 

by long-term alcohol misuse results in a higher dose of ethanol reaching the brain due to 

the inability of the liver to process the ethanol consumed, resulting in more profound 
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neuropathological damage in these individuals (Harper, 1998). Previously published 

expression profiles of the prefrontal cortex of alcoholics show distinct differences in 

individuals with and without cirrhosis of the liver (Liu et al., 2007, Ho et al., 2010, 

Janeczek et al., 2015, Livak and Schmittgen, 2001, MacKay et al., 2011). 

An average of daily ethanol consumption during most of the subject’s adult life was 

reported in their medical records. Individuals were classified as controls or alcoholics 

according to the quantity of ethanol consumed. Controls were those who consumed an 

average of < 20 g of ethanol per day or were teetotalers; alcoholics were those who had 

a mean intake of > 80 g of ethanol per day (for 30 years on average). Individuals were 

not suffering from any other known condition at the time of death, nor did they take 

psychoactive drugs or medications for psychiatric conditions. Subjects were excluded if 

they had Wernicke-Korsakoff syndrome, hepatic encephalopathy or any other 

neurological condition.  

5.3.3 RNA isolation and reverse transcription 

TRIzol™ (Gibco BRL, Invitrogen, Mt Waverly, Victoria, Australia) was used to extract 

total RNA according to the manufacturer’s instructions. RNA quality was determined 

by visual inspection of electropherograms produced by the Agilent 2100 bio-analyzer 

(Palo Alto, CA, USA). Degraded samples were excluded from further study. RNA 

concentration was measured by absorbance at 260 nm using a Nanodrop device 

(Thermo Scientific, Waltham, MA, USA). Total RNA was stored at –80°C until 

required. 

Samples were reverse transcribed using the miScript II RT Kit (QIAGEN Pty Ltd, 

Chadstone, VIC, Australia). Each reaction consisted of 1 µL template RNA, 4 µL of 5x 

miScript HiFlex Buffer, 2 µL of 10x miScript Nucleics Mix and 2 µL of miScript 
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Reverse Transcriptase Mix, made up to a final volume of 20 µL with RNase-free water. 

The mix was incubated for 60 min at 37°C, deactivated by heating to 95°C for 5 min 

and then placed on ice. The cDNA was then stored at -20°C. 

5.3.4 Real-time PCR 

Expression levels of hsa-miR-7-5p (miR-7), hsa-miR-153-3p (miR-153) and hsa-miR-

203a-3p (miR-203) were measured in each sample using the miScript SYBR® Green 

PCR Kit and the Rotor-Gene Q (QIAGEN Pty Ltd). Each reaction consisted of 1 µL of 

template cDNA, 10 µL of 2x QuantiTect SYBR Green PCR Master Mix, 2 µL of 10x 

miScript Universal Primer and 2 µL of 10x miScript Primer Assay, made up to a final 

volume of 20 µL with RNase-free water. The amplification cycle consisted of an initial 

activation step at 95°C for 15 min, followed by 40 cycles of; 15 s at 94°C, 30 s at 55°C 

and 30 s at 70°C (data was acquired at this step). Each sample was amplified in 

duplicate and no-template controls were included for each primer pair. RNU6B was 

used as the reference gene as advised by the Guidelines for miRNA mimic and miRNA 

inhibitor experiments Handbook (QIAGEN Pty Ltd, 2015). 

5.3.5 Statistical analyses 

Using the Rotor-Gene Q Software (QIAGEN Pty Ltd), a threshold of 0.03 was set in the 

exponential phase of the reaction on the amplification plot of fluorescence vs. cycle 

number to determine the CT for each sample. This was kept constant for all runs. The CT 

value is the cycle number at which the amplifying PCR product crosses the set threshold 

line. Each sample was normalized to the reference gene (RNU6B). The difference in CT 

values of each sample and the reference gene were expressed as the ΔCT. These values 

were then converted to 2
-ΔCT

 values for presentation using GraphPad Prism 6 (Ho et al., 

2010, Janeczek et al., 2015, Livak and Schmittgen, 2001, MacKay et al., 2011). Data 
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was analysed using IBM SPSS Statistics 22 software (SPSS Inc. Chicago, IL, USA), by 

performing ANOVA followed by the Tukey HSD post hoc test where appropriate. 

Linear regression was used to determine the effects of age at death, PMI and brain 

weight. 

5.4 Results 

5.4.1 Expression of miRNAs in human alcoholic brain 

We measured the expression of three miRNAs, miR-7, miR-153 and miR-203 in the 

prefrontal cortex of human alcoholics and controls using real-time PCR. Alcoholics and 

controls were matched as closely as possible for gender, age at death and PMI. Case 

information is outlined in Table 5.1. There was no significant difference in age at death, 

PMI or brain weight between the groups (ANOVA, Age: F2,49 = 2.333, P = 0.108; PMI: 

F2,49 = 1.794, P = 0.177; Brain weight: F2,49 = 0.980, P = 0.382). Linear regression was 

performed on controls and combined alcoholics to determine if the expression of any of 

the miRNAs was correlated with age at death, PMI or brain weight.  

Table 5.1: Case information – miRNA expression study. 

Group N Age (y) PMI (h) Brain weight (g) 

Controls (11 female, 10 male) 21 60.48 ± 3.06 30.01 ± 4.82 1337.55 ± 26.67  

Alcoholics (10 female, 13 male) 23 50.30 ± 2.89 30.96±3.63 1336.30 ± 27.74 

Cirrhotic alcoholics (3 female, 6 male) 9 56.89 ± 4.93 17.99 ± 2.83 1274.22 ± 31.41 

Regression analysis showed there was no significant correlation between the expression 

of any of the miRNAs and age at death or PMI for either controls or combined 

alcoholics (Table 5.2). However, the expression of miR-153 was significantly correlated 

with brain weight in controls but not in combined alcoholics (Table 5.2). There was no 



Page | 80  

 

significant correlation between the expression of miR-7 or miR-203 and brain weight in 

either case group (Table 5.2). RNU6B was used as the reference gene, it is a commonly 

used housekeeping gene (Choong et al., 2007, Corney et al., 2007, van Steenwyk et al., 

2013) and one of the genes in the standard panel of normalisation genes provided by 

Qiagen to be used with their MiScript PCR System (miScript PCR System Handbook, 

2011). Analysis of the raw CT Values for RNU6B showed no significant difference in 

expression between controls and combined alcoholics (ANOVA: F1,50 = 0.174, P = 

0.679).  

 

Table 5.2: Regression analysis. 

Age at death   

Controls miRNA-7 F1,14 = 0.603, P = 0.450 

 miRNA-153 F1,18 = 0.049, P = 0.827 

 miRNA-203 F1,16 = 0.420, P = 0.526 

   

Combined alcoholics miRNA-7 F1,30 = 0.493, P = 0.488 

 miRNA-153 F1,30 = 0.119, P = 0.732 

 miRNA-203 F1,29 = 0.339, P = 0.565 

   

Post mortem interval   

Controls miRNA-7 F1,14 = 0.002, P = 0.962 

 miRNA-153 F1,18 = 1.094, P = 0.310 

 miRNA-203 F1,16 = 1.167, P = 0.296 

   

Combined alcoholics miRNA-7 F1,30 = 2.232, P = 0.146 

 miRNA-153 F1,30 = 0.134, P = 0.717 

 miRNA-203 F1,29 = 0.149, P = 0702 

   

Brain weight   

Controls miRNA-7 F1,14 = 1.096, P = 0.313 

 miRNA-153 F1,18 = 6.023, P = 0.025* 

 miRNA-203 F1,16 = 2.959, P = 0.105 

   

Combined alcoholics miRNA-7 F1,30 = 0.249, P = 0.622 

 miRNA-153 F1,30 = 0.879, P = 0.356 

 miRNA-203 F1,29 = 3.053, P = 0.091 
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The expression of miR-203 was significantly different between groups (ANOVA: F2,43 

= 5.711, P = 0.006) as well as between males and females (ANOVA: F1,43 = 6.516, P = 

0.014;  Figure 5.1). In addition, the Group X Sex interaction term was also significant 

(ANOVA: F2,43 = 6.708, P = 0.003).  In female cases, the expression of miR-203 was 

significantly different across groups (ANOVA: F2,18 = 6.080, P = 0.010) with increased 

expression in cirrhotic alcoholics compared with uncomplicated alcoholics (Tukey 

HSD: P = 0.008) and a tendency towards an increase in expression compared with 

controls (Tukey HSD: P = 0.089). There was no difference in expression between 

female uncomplicated alcoholics and controls (P = 0.236). In male cases, the expression 

of miR-203 was significantly different across groups (ANOVA: F2,25 = 5.116, P = 

0.014) with increased expression in both uncomplicated and cirrhotic alcoholics 

compared with controls (Tukey HSD: Controls vs uncomplicated alcoholics: P = 0.018; 

Controls vs cirrhotic alcoholics: P = 0.049). There was no significant difference 

between uncomplicated and cirrhotic alcoholic cases (Tukey HSD: P = 0.998). 

The expression of miR-153 was significantly different between groups (ANOVA: F2,46 

= 4.268, P = 0.003) as well as between males and females (ANOVA: F1,46 = 4.987, P = 

0.031;  Figure 5.1). In addition, the Group X Sex interaction term was also significant 

(ANOVA: F2,46 = 7.224, P = 0.002).  In female cases, the expression of miR-153 was 

significantly different across groups (ANOVA: F2,20 = 10.378, P = 0.001) with 

increased expression in cirrhotic alcoholics compared with both controls (Tukey HSD: 

P = 0.007) and uncomplicated alcoholics (P = 0.008) and a tendency towards an 

increase in expression compared with controls (Tukey HSD: P = 0.001). There was no 

difference in expression between female uncomplicated alcoholics and controls (P = 

0.263). In male cases, the expression of miR-153 showed a trend towards a significant 

difference across groups (ANOVA: F2,26 = 3.059, P = 0.064) with increased expression  
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Figure 5.1: Relative expression levels of three alcohol responsive miRNAs, miR-7, 

miR-153 and miR-203 in the prefrontal cortex of human uncomplicated alcoholics 

(alcoholics), alcoholics with cirrhosis of the liver (cirrhotics) and controls 

(controls). ΔCT values were converted to 2
-ΔCT

 values. Expression levels of miR-203, 

miR-153 and miR-7 were increased in female alcoholics with cirrhosis of the liver. Up-

regulation of miR-203 was seen in male alcoholics with and without cirrhosis of the 

liver, whereas miR-153 was up-regulated in uncomplicated alcoholics. *Significant 

results (P < 0.05 vs. controls). 
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in uncomplicated alcoholics compared with controls (Tukey HSD: P = 0.052). There 

was no significant difference between either controls or uncomplicated alcoholics and 

cirrhotic alcoholic cases (Tukey HSD: Controls vs cirrhotic alcoholics: P = 0.411; 

Uncomplicated alcoholics vs cirrhotic alcoholics: P = 0.737). 

The expression of miR-7 was not significantly different between groups (ANOVA: F2,42 

= 2.445, P = 0.099) or between males and females (ANOVA: F1,42 = 0.606, P = 0.441;  

Figure 5.1). However, the Group X Sex interaction term was significant (ANOVA: F2,42 

= 3.310, P = 0.046).  In female cases, the expression of miR-7 was significantly 

different across groups (ANOVA: F2,17 = 3.897, P = 0.040) with increased expression in 

cirrhotic alcoholics compared with uncomplicated alcoholics (Tukey HSD: P = 0.035) 

and a tendency towards an increase in expression compared with controls (Tukey HSD: 

P = 0.075). There was no difference in expression between female uncomplicated 

alcoholics and controls (P = 0.928). In male cases, there was no significant difference in 

the expression of miR-7 across groups (ANOVA: F2,25 = 1.302, P = 0.290). 

5.5 Discussion 

A previous microarray study in humans identified ~35 miRNAs up-regulated in the 

prefrontal cortex of alcoholic brain (Lewohl et al., 2011). This study is the first to 

compare the expression levels of three of those alcohol responsive miRNAs, miR-203, 

miR-153 and miR-7 between cirrhotic and uncomplicated alcoholics, as well as male 

and female cases. The results showed that expression levels of these three miRNAs 

were increased in alcoholic brain. This up-regulation was greater in female alcoholics 

with cirrhosis of the liver. In males, miR-203 up-regulation was seen in both 

uncomplicated and cirrhotic alcoholics, whereas miR-153 was increased only in the 

uncomplicated alcoholics and there was no change for miR-7. In females, all three 
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miRNAs were significantly up-regulated in cirrhotic alcoholics only. These results 

suggest that long-term ethanol exposure results in up-regulated expression levels of 

miR-203, miR-153 and miR-7 and that gender and cirrhosis of the liver may influence 

the extent of these changes. 

It is well known that more severe brain damage is seen in chronic alcoholics with 

cirrhosis of the liver (Zahr et al., 2011) due to higher doses of ethanol reaching the brain 

(Harper, 1998). Previous studies have also reported that alcoholics with cirrhosis of the 

liver have different expression profiles in the prefrontal cortex compared to those 

without cirrhosis of the liver (Liu et al., 2007). We cannot determine whether the 

changes in miRNA expression in our study are the result of greater alcohol exposure in 

alcoholics with cirrhosis of the liver, reflect the extent of brain damage observed in 

cirrhotic alcoholics or are the result of cirrhosis of the liver alone. As the up-regulation 

of some of these miRNAs is also seen in alcoholics without cirrhosis of the liver, it 

could be suggested that higher doses of alcohol exposure contribute to the more 

prominent changes in expression seen in these individuals. It has also been reported that 

females have more severe neuropathological damage in the brain compared to males 

(Hommer et al., 2001) and appear to be more vulnerable to damage after much shorter 

periods of alcohol misuse (Mann et al., 1992). The up-regulation of miRNAs in this 

study may reflect the greater extent of brain damage seen in female alcoholics. It is not 

known why these vast differences are seen in female cirrhotic alcoholics but the ability 

to metabolise or store alcohol may contribute to the doses of ethanol reaching the brain.  

Recent studies in rodent models of alcohol dependence, ethanol exposure cell culture 

models and human alcoholic brain samples, have shown that miRNAs may mediate the 

cellular adaptions seen in response to ethanol exposure. Several alcohol responsive 
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miRNAs have been identified following chronic ethanol exposure and withdrawal in 

neuroblastoma cell lines (van Steenwyk et al., 2013, Yadav et al., 2011), foetal neural 

stem cells (Balaraman et al., 2012, Sathyan et al., 2007), murine primary neuronal 

cultures (Guo et al., 2012), foetal mouse brain (Wang et al., 2009) and human alcoholic 

brain (Lewohl et al., 2011). A recent study by Tapocik et al., (2013) found that rats with 

a history of alcohol dependence were found to have dysregulated expression levels of 

specific miRNAs and their mRNA target transcripts in the prefrontal cortex. 

MiR-203, miR-153 and miR-7 were three of the alcohol responsive miRNAs identified 

following ethanol exposure in neuroblastoma cell lines, murine neurosphere cultures 

and rodent alcohol models. A study by van Steenwyk., (2013) measured levels of miR-

203, miR-153 and miR-7 in HEK293T and SH SY5Y cells following chronic and 

chronic-intermittent ethanol exposure to 75 mM ethanol for five days. Chronic exposure 

resulted in the up-regulation of miR-7 and the down-regulation of miR-203 whereas 

expression levels of miR-153 remained unchanged in HEK293T cells. Chronic ethanol 

exposure followed by an additional withdrawal period for 5 days resulted in up-

regulation of miR-7 and miR-203 in HEK293T cells much like the expression levels 

found in human alcoholic brain in this study and in a previously published study 

(Lewohl et al., 2011). Expression levels of miR-153 and miR-203 were up-regulated 

following chronic-intermittent exposure to 75 mM ethanol for five days in SH SY5Y 

cells, these levels returned to normal following ethanol removal (van Steenwyk et al., 

2013). Rats treated intermittently with ethanol vapour for 7 weeks had reduced 

expression levels of miR-7 (Tapocik et al., 2013) and miR-153 was reduced in mouse 

neurosphere cultures treated with 70 mM ethanol for 5 days (Balaraman et al., 2012, 

Sathyan et al., 2007). These results suggest that miR-203, miR-153 and miR-7 respond 
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to ethanol exposure and that expression levels are influenced by the duration of 

exposure to ethanol. 

A recent study in humans measured the expression of a vital synaptic gene, α-synuclein 

involved in dopaminergic neurotransmission and a known mediator of the reward 

pathway in the brain. The results showed reduced expression levels of the wildtype 

SNCA-140 variant and the smaller SNCA-112 variant in the prefrontal cortex of 

alcoholics with cirrhosis of the liver (Janeczek et al., 2015). MiR-7 and miR-153 have 

been validated to target α-synuclein, inhibiting translation and flagging the mRNA 

transcript for degradation (Doxakis, 2010). The up-regulation of miR-7 and miR-153 in 

the prefrontal cortex of alcoholics with cirrhosis of the liver suggests that the up-

regulation of these miRNAs may have resulted in the reduction of α-synuclein 

expression seen in alcoholic brain. This suggests a miRNA-mediated pathway of gene 

regulation influenced by long-term ethanol exposure. As miR-203 is predicted to target 

a number of down-regulated genes in the prefrontal cortex of alcoholic brain (Liu et al., 

2006) including α-synuclein, it would be advantageous to investigate these 

miRNA:mRNA interactions in future studies. 

MiRNAs influenced by alcohol have been shown to alter gene expression in the brain. 

One target known to be affected by alcohol and involved in alcohol tolerance is the 

large-conductance calcium- and voltage-activated potassium, BK channel. An up-

regulation of miR-9 stimulated by the presence of alcohol resulted in the selective 

degradation of the BK splice variants, altering the profile of BK channels, consistent 

with the development of alcohol tolerance (Pietrzykowski et al., 2008). Providing 

further evidence for the role of miRNAs in gene regulation and mechanisms involved in 

tolerance to alcohol that exacerbate the effects of alcohol on the brain. 
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It is unlikely that a single gene has a direct role in causing an individual to develop an 

alcohol use disorder rather, the dysregulation of a network of genes over time would 

result in the adaptions and damage seen in alcoholic brain due to years of continuous 

excessive ethanol consumption. A loss or gain of function due to genetic variation 

would result in severe consequences in a shorter time frame. It is more likely that the 

gradual phenotypic consequences seen as a result of long-term alcohol misuse are due to 

a “fine tuning” approach to gene regulation (Georges et al., 2007). MiRNA:target 

interactions could therefore mediate these addiction pathways. 

Due to their ability to manipulate networks of genes and evidence of responding to 

ethanol, miRNAs may mediate the cellular adaptions seen following long-term ethanol 

exposure. Further investigation into miRNA-mediated regulation and its role in alcohol 

addiction will expand our knowledge of gene regulation in healthy and diseased brain 

and advance progress in determining the mechanisms involved in the pathophysiology 

of not only alcohol use disorders but other neurodegenerative diseases. 
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Chapter 6: A novel miRNA to target α-synuclein splice variants  

This chapter will be submitted to Neurobiology of Disease as an original investigation 

for publication, the manuscript is currently in preparation. The formatting and 

referencing has been modified to maintain consistency throughout the thesis. 

Paulina Janeczek and Joanne M. Lewohl 
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6.1 Abstract 

Long-term ethanol exposure results in neuronal damage thought to be caused by cellular 

adaptions induced by alterations to gene expression. α-Synuclein is a key candidate 

gene for alcohol misuse and is down-regulated in the prefrontal cortex of human 

alcoholics. Little is known about the regulation of α-synuclein, particularly of the 

individual splice variants, or their function in alcoholic brain. MiRNAs are known gene 

regulators and are highly abundant in the brain. Several alcohol-responsive miRNA 

have been predicted to target α-synuclein; in particular miR-7, miR-153, miR-144 and 

miR-203. MiR-7 and miR-153 have been previously shown to target the wildtype 

SNCA-140 variant suggesting a miRNA-mediated regulation pathway for this transcript. 

The miRNA:target interaction between these miRNAs and their predicted binding sites 

within the α-synuclein 3ʹ-UTR were examined using reporter constructs. These 

interactions were further explored by transfecting miRNA mimics into HEK293T cells 

to investigate the effect of these miRNA on endogenous levels of three α-synuclein 

splice variants; SNCA-140, SNCA-112 and SNCA-115. The results suggested that miR-

203 targets the 3ʹ-UTR of the SNCA-112 and SNCA-115 splice variants, whereas miR-7 

and miR-153 selectively targeted the SNCA-140 variant. Reduced levels of the SNCA-

140 splice variant and up-regulated levels of the SNCA-112 and SNCA-115 splice 

variants were found in HEK293T cells exposed to 75 mM ethanol for five days. The 

results of this study suggest that the individual α-synuclein variants are targeted by 

different miRNAs and also respond differently to ethanol exposure. It is thought that α-

synuclein has a dual role in neuroprotection and neurotoxicity that is dependent on 

expression levels. The individual splice variants may therefore have defined roles in this 

response. Improving our knowledge on the networks of genes regulated by specific 
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miRNAs in alcoholic brain and their biological functions will lead to the discovery of 

the mechanisms involved in the pathophysiology of alcohol misuse. 

Keywords: miRNA, SNCA, variant, 3ʹ-UTR, ethanol treatment, hNSC 
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6.2 Introduction 

The pathophysiology of chronic alcohol misuse remains elusive, with limited treatments 

available to aid with breaking addictive behaviour, reversing neuronal adaptations and 

preventing damage to the brain. Long-term alcohol misuse has a negative impact on the 

brain, resulting in structural and functional changes. These changes are brought about 

by variations to gene expression as a cellular adaption in response to long-term ethanol 

exposure. 

It is thought that some individuals may be more susceptible to developing an alcohol 

misuse phenotype due to their genetic makeup, as genetic variation can influence gene 

expression and regulation. Genetic alterations or an external influence to these 

mechanisms can result in gene dysregulation. SNCA is highly polymorphic; genetic 

variation and changes in its expression have been associated with alcohol misuse and 

dependence, highlighting α-synuclein as a candidate gene for alcoholism (Levey et al., 

2014). 

Located on chromosome 4, human α-synuclein is processed into at least three distinct 

splice variants that differ by the number of exons they contain as predicted by the online 

Ensembl database (www.ensembl.org). The full-length (wildtype) sequence encodes a 

140 amino acid protein that contains all 6 exons (ENST00000394986) (Jakes et al., 

1994, Ueda et al., 1993) and the 112 amino acid variant excludes exon 5 

(ENST00000420646) (Ueda et al., 1994). The length of the 3ʹ-UTR is different for these 

variants. In addition to these variants, there is a novel 115 amino acid variant predicted 

on the Ensembl database. This variant includes exons 1-4 and 393 nucleotides of intron 

4 (ENST00000502987).  The 3ʹ-UTR of the SNCA-115 variant is a completely unique 
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sequence located in intron 4, and therefore has the potential to be regulated by different 

miRNAs.  

Although the exact function of α-synuclein is yet to be defined, we do know that α-

synuclein is abundantly expressed in neurons, predominantly in presynaptic terminals 

(Iwai et al., 1995a, Jakes et al., 1994, Withers et al., 1997, Zhang et al., 2008) and is 

known to mediate dopaminergic neurotransmission (Baptista et al., 2003, Yavich et al., 

2004). Alterations to α-synuclein expression have been shown to result in dopamine-

induced apoptosis (Fountaine and Wade-Martins, 2007, Lee et al., 2001, Wersinger and 

Sidhu, 2003) and likely affect dopamine-mediated neuronal signalling. As dopaminergic 

neurotransmission is thought to be the key mediator of craving, withdrawal and the 

reinforcement pathways in alcohol addiction (Self and Nestler, 1998), changes to α-

synuclein expression may affect the function of the dopaminergic reward pathway. 

Thus, an individual may be more susceptible to addiction or various psychiatric diseases 

according to the levels of α-synuclein in their brain (Oksman et al., 2006). Very little is 

known about the individual α-synuclein splice variants and their functional role in brain. 

α-Synuclein may also protect neuronal cells against damage, due to the up-regulation 

seen in response to oxidative stress and excitotoxicity (Sidhu et al., 2004). Both low and 

high levels of α-synuclein expression result in cytotoxicity, suggesting a dual role in 

neurotoxicity and neuroprotection that is dependent on expression levels (Seo et al., 

2002, Sidhu et al., 2004). The individual splice variants may therefore have defined 

roles in this response. A recent study and the only study of its kind to date, has reported 

decreased mRNA expression of the SNCA-140 and SNCA-112 variants in the human 

prefrontal cortex and increased expression of the SNCA-115 variant (Janeczek et al., 

2015). These results suggest that the α-synuclein splice variants are differentially 
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expressed in human alcoholic brain. The mechanisms of α-synuclein regulation in the 

brain, in particular the regulation of the individual α-synuclein splice variants and how 

this is mediated by ethanol, is yet to be studied.  

MiRNAs are well known regulators of gene expression. They are highly abundant in the 

brain and have been previously shown to have altered gene expression in human 

alcoholic brain (Lewohl et al., 2011). MiRNAs regulate gene expression by binding to 

their specific target sequences in the 3ʹ-UTR regions of target mRNAs. The sequence 

referred to as the miRNA binding site can be complementary or partially 

complementary to the miRNA and contains a ~8 nucleotide seed sequence which is vital 

for the miRNA:target interaction to occur. MiRNAs are endogenous repressors; after 

the miRNA binds to the 3ʹ-UTR of its target gene, translation of the mRNA is inhibited 

and in some cases the mRNA is also degraded (Bushati and Cohen, 2008). A gene can 

be targeted by several miRNAs and each miRNA can regulate expression of several 

genes. Recent studies have suggested the importance of miRNA-mediated gene 

regulation in the brain; highlighting their role in synapse formation, plasticity (Schratt et 

al., 2006) and neuronal survival (Schaefer et al., 2007). MiRNAs have also been shown 

to have a role in human disease (Bushati and Cohen, 2008). 

Recent studies in rodent and cell culture models, as well as human alcoholics, have 

identified a number of alcohol-responsive miRNAs proposed to mediate cellular 

adaptions to ethanol exposure (Balaraman et al., 2012, Guo et al., 2012, Lewohl et al., 

2011, Sathyan et al., 2007, Tapocik et al., 2013, van Steenwyk et al., 2013, Wang et al., 

2009, Yadav et al., 2011). In human alcoholics, ~35 miRNAs were found to be 

significantly up-regulated in the prefrontal cortex (Lewohl et al., 2011). Previously 

published cDNA microarray studies identified several down-regulated genes in the 
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prefrontal cortex, many of which are predicted targets of these alcohol responsive 

miRNAs (Liu et al., 2006). This suggests that the down-regulation of genes in human 

alcoholic cases may be due to the up-regulation of specific miRNAs. Cellular processes 

fundamental to neuronal plasticity appear to represent major targets of the suggested 

miRNAs. These findings suggest the potential role miRNAs may play in the 

development of gene expression changes seen in human alcoholic brain and the 

neuronal damage that results from gene dysregulation. 

One of the target genes down-regulated in the prefrontal cortex of alcoholics is α-

synuclein (Janeczek et al., 2014, Lewohl et al., 2004). A number of the up-regulated 

miRNAs have predicted miRNA binding sites in its 3ʹ-UTR. Two of these miRNAs, 

hsa-miR-7-1 (miR-7) and hsa-miR-153-1 (miR-153) have been experimentally verified 

to target α-synuclein (Doxakis, 2010, Junn et al., 2009). MiR-7 and miR-153 function 

synergistically to down-regulate α-synuclein expression by binding to their specific 

target site within the 3ʹ-UTR, repressing mRNA and protein levels (Doxakis, 2010). 

Although both miRNAs inhibit translation of α-synuclein and promote the degradation 

of the mRNA, miR-153 has a greater preference for degrading the mRNA, while miR-7 

for translational inhibition.  

Online algorithms can be used to predict miRNAs that target the 3′-UTR of a particular 

gene of interest. It has been predicted that there are 59 miRNA binding sites within the 

SNCA 3′-UTR (Betel et al., 2008). However, most of these miRNAs and their predicted 

targets have not been validated in vitro. In this study, HEK293T cells were transfected 

with miRNAs to investigate the predicted miRNA:mRNA interactions between miR-7, 

miR-153, miR-144, miR-203 and the SNCA 3ʹ-UTR. A cell culture model was also used 

to study the effect of ethanol on the expression of these four miRNAs and three α-
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synuclein splice variants, SNCA-140, SNCA-112 and SNCA-115 following ethanol 

treatment in neuroblastoma cell lines. We also used human neural stem cells (hNSCs) 

differentiated into neurons to determine if expression levels of the α-synuclein variants 

changed after ethanol exposure and if prior transfection of synthetic miRNAs altered 

this response. 

6.3 Materials and Methods 

6.3.1 Prediction of miRNA binding sites in the SNCA 3ʹ-UTR and in vitro validation 

Several online miRNA:target prediction tools (microRNA.org, TargetScan, PITA and 

RNAhybrid) were used to predict miRNA:mRNA interactions between miR-7 

(MIMAT0000252), miR-153 (MIMAT0000439), miR-144 (MIMAT0000436) and 

miR-203 (MIMAT0000264) with the α-synuclein 3ʹ-UTR (Agarwal et al., 2015, Enright 

et al., 2003, Grimson et al., 2007, Kertesz et al., 2007, Rehmsmeier et al., 2004). 

Cell Culture 

HEK293T and SH SY5Y cells were grown in Dulbecco’s Modified Eagle Medium 

(DMEM, 11995-065, Thermo Fischer Scientific Australia Pty Ltd, Scoresby, VIC, 

Australia) supplemented with 10% foetal bovine serum (FBS, Bovogen Biologicals Pty 

Ltd, East Keilor, VIC, Australia). Microbial contamination was prevented by the 

addition of 50 U of Penicillin and 50 μg of Streptomycin (Pen/Strep; Thermo Fischer 

Scientific Australia Pty Ltd) per millilitre of solution. The cells were grown at 37°C and 

5% CO2. 
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Transfection of a miRNA mimic 

HEK293T cells were seeded at 50 000 cells per well onto a 24 well plate with 200 µL of 

10% DMEM without antibiotics and incubated overnight under normal growth 

conditions (37°C and 5% CO2). Following incubation (~17h), cells were transfected 

with 5 nM of miRNA mimic (QIAGEN Pty Ltd, Chadstone, VIC, Australia). Each 

solution of complexes consisted of 3 μL of HiPerfect Transfection Reagent (QIAGEN 

Pty Ltd) diluted in 47 μL of Opti-MEM
®
 (Thermo Fischer Scientific Australia Pty Ltd), 

to which 5 nM of miRNA mimic diluted in 50 μL of Opti-MEM was added dropwise. A 

master mix was made for each condition, to account for pipetting error. The transfection 

complexes were incubated for 20 min at room temperature and then 100 µL was added 

drop wise into the corresponding wells. The plate was returned to the incubator (37°C 

and 5% CO2) for 4 h, after which the medium  containing the transfection complexes 

was carefully removed and replaced with 500 µL of 10% DMEM without antibiotics 

and incubated overnight. After 20 h the medium was removed and cells were harvested 

with 250 μL of TRIzol
TM

 (Gibco BRL, Invitrogen, Mt Waverly, Australia) and pipetted 

up and down to help the lysing process. The cell lysate was stored at -80°C ready for 

RNA extraction. Each condition was performed in duplicate and repeated four times. A 

well transfected with SiGLO
®

 Red Transfection Indicator (GE Dharmacon, Lafayette, 

CO, United States) was included with each experiment to monitor transfection 

efficiency and to ensure the transfection was successful. Fluorescence was monitored 

using the BD LSRFortessa™ cell analyzer (BD Biosciences, San Jose, CA, USA). 

Untransfected and mock transfected cells were included in each experiment as controls. 

Mock transfected cells were cells transfected with the transfection reagent alone, to test 

for cytotoxicity. The experiment was performed four times. 
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6.3.2 Transfection of a SNCA 3ʹ-UTR target and miRNA precursor clone 

HEK293T cells were co-transfected with a firefly luciferase encoded miTarget™ 

miRNA 3ʹ-UTR Target Sequence Expression Clone (pEZX-MT01; HmiT017582 

SNCA, HmiT017583 SNCA, HmiT054654 SNCA and the 3ʹ-UTR Target Control) from 

GeneCopoeia
™

 (Rockville, MA, USA) and a miExpress™ Precursor miRNA 

Expression Clone (pEZX-MR04; miR-7 (HmiR0140), miR-153 (HmiR0039), miR-144 

(HmiR0275), miR-203 (HmiR0249) and the scrambled control precursor (CmiR0001). 

Approximately 16 h before transfection, 50 000 cells were seeded per well in a 24 well 

plate with 200 µL of 10% FBS in DMEM without antibiotics and kept in the incubator 

at 37°C, 5% CO2. Each solution of complexes consisted of 400 ng of 3ʹ-UTR plasmid 

and 500 ng of miRNA precursor diluted in 50 μL of Opti-MEM, to which 3 μL of 

EndoFectin
™

 Plus Transfection Reagent (GeneCopoeia
™

) diluted in 47 μL of Opti-

MEM
®
 (Thermo Fischer Scientific Australia Pty Ltd) was added dropwise. The mixture 

was incubated for 20 min at room temperature to allow the DNA-EndoFectin
®
 Plus 

complexes to form. Once the complexes had formed they were then added to each well 

and the plate was gently swirled. The plate was incubated (37°C, 5% CO2) overnight. 

The eGFP reporter encoded in the miRNA precursor clones was visualised 23 h 

following transfection to determine if successful transfection had occurred. The 

experiment was performed five times. 

Luciferase assay 

The Luc-Pair™ miR Luciferase Assay Kit (GeneCopoeia
™

) was used to detect Firefly 

and Renilla luciferase expression in HEK293T cells co-transfected with SNCA 3ʹ-UTR 

and miRNA precursor clones; the assay was carried out as per manufacturer’s 

instructions. Approximately 24 h post transfection, the media was removed from each 
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well and replaced with 200 µL of Working Solution 1 to harvest the cells. After 10 min, 

60 µL of this solution was transferred into 3 wells in a white luminescence 96-well 

plate. The Firefly luciferase was measured using the FlexStation 3 plate reader 

(Molecular Devices, Sunnyvale, CA, USA) and SoftMax Pro 5.2 software (Molecular 

Devices, Sunnyvale, CA, USA). Then 60 µL of Working Solution II was added to the 

wells and after 10 min, the Renilla luciferase was measured. As the miTarget™ 3ʹ-UTR 

target clone has two reporter systems, Renilla luciferase activity was used to normalise 

Firefly luciferase signal in the same well. The ratio of luminescence from the Firefly 

luciferase to Renilla luciferase was calculated. Luciferase activity was graphed as a ratio 

to the control using GraphPad Prism 6 (GraphPad Software Inc, La Jolla, CA, USA). 

Independent-samples T-Test was performed using IBM SPSS Statistics 22 software 

(SPSS Inc., Chicago, IL, USA) to analyse the data. 

6.3.3 Ethanol treatment model 

Approximately 600 000 HEK293T cells or 250 000 SH SY5Y cells per 25 cm
2
 flask 

were seeded into ten flasks, with 5 mL of 10% FBS in DMEM and incubated at normal 

growth conditions (37°C and 5% CO2) for 48 h. At this point the FBS in the media was 

reduced to 1% FBS, to limit cell proliferation during the treatment period. The chronic 

exposure cells were treated with 75 mM ethanol containing medium over five days, 

whereas the chronic-intermittent exposure cells were treated with 75 mM ethanol for 5 

days in alternating cycles of 12 h of exposure followed by 12 h of ethanol-free medium, 

based on previous ethanol treatment studies (Cagetti et al., 2003, Guo et al., 2012, Olsen 

et al., 2005, Qiang et al., 2007, Rani et al., 2005, Sheela Rani and Ticku, 2006). Two of 

the flasks in the chronic and chronic-intermittent treatment group also underwent an 

additional 5 day withdrawal period, where the cells were kept in ethanol-free medium. 

Dulbecco’s Phosphate-Buffered Saline was used to rinse the cells every time the 
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medium was changed. Medium in the control flasks was changed at the same time as 

the medium in the ethanol treatment flasks was changed. The ethanol treated cells were 

placed in a sealed container in the incubator in which the atmosphere was saturated with 

ethanol in order to maintain the ethanol concentration at the level added to the medium. 

The cells were monitored over the 11 day treatment period; notes were made on cellular 

morphology and confluency. The treatment was performed twice. Cells were harvested 

after the 5 day treatment and after the additional 5 day withdrawal/on the 6
th

 and 11 day 

of the model. To harvest the cells, media was removed and cells were harvested with 

1 mL of QIAzol
TM

 (QIAGEN Pty Ltd), the samples were stored at -80°C ready for RNA 

extraction. 

6.3.4 Transfecting human neural stem cells with miRNA mimics and ethanol 

treatment 

Human neural stem cells, derived from NIH-approved H9 (WA09) human embryonic 

stem cells, were thawed and expanded as per the company’s instructions (Thermo 

Fischer Scientific Australia Pty Ltd). The hNSCs were seeded at 50 000 cells per well in 

a 24 well plate coated with poly-o-ornithine/laminin (Sigma-Aldrich, Castle Hill, NSW, 

Australia; Thermo Fischer Scientific Australia Pty Ltd), expanded for 48 h, 

differentiated for 10 days and then the media was replaced with fresh neural 

differentiation medium for 24 h. N6,2ʹ-O-Dibutyryladenosine 3ʹ,5ʹ-cyclic 

monophosphate sodium salt was added to the neural differentiation medium at day 7 for 

3 days to accelerate the differentiation process. The cells were then transfected with 

5 nM miR-203 or miR-153 mimic with HiPerFect Transfection Reagent as described 

previously. The majority of the medium containing the complexes was replaced after 

4 h with 500 µL of fresh neural differentiation medium and the cells were incubated for 

a further 20 h. Cells were harvested at this point to determine miRNA expression levels 
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following transfection. The remaining cells transfected with the miRNA mimics were 

treated with ethanol containing medium at this point. The spent medium was replaced 

with 500 µL of fresh 75 mM ethanol-containing neural maintenance medium. The cells 

were incubated for a further 24 h and then harvested with 250 µL of QIAzol
TM

, the 

samples were then stored at -80°C until RNA was extracted. The experiment was 

performed twice. 

6.3.5 Expression analysis following transfection of miRNA mimics and ethanol 

treatment 

Total RNA was extracted from the miRNA mimic transfection experiments using the 

TRIzol
TM

 method according to the manufacturer’s instructions. A large RNA fraction 

(all RNA greater than 200 nt) was extracted from the ethanol treatment samples using 

the miRNeasy Mini Kit and the RNeasy Min Elute Kit (QIAGEN Pty Ltd), according to 

the manufacturer’s instructions. RNA quantity was measured using a NanoDrop
®
 1000 

Spectrophotometer (Thermo Fischer Scientific Australia Pty Ltd). Real-time PCR was 

performed to quantify expression levels of the miRNAs (miR-7, miR-153, miR-144 and 

miR-203) and α-synuclein splice variants (SNCA-140, SNCA-112 and SNCA-115); 

different protocols were used to process the large and small RNA. 

Reverse transcription (miRNA) 

MiRNAs were reverse transcribed using the miScript II RT Kit (QIAGEN Pty Ltd). 

Each reaction consisted of 1 µL template RNA, 4 µL 5x miScript HiFlex Buffer, 2 µL 

10x miScript Nucleics Mix, 2 µL miScript Reverse Transcriptase Mix, made up to a 

final volume of 20 µL with RNase-free water. The mix was incubated for 60 min at 

37°C, deactivated by heating to 95°C for 5 min and then placed on ice. The cDNA was 

then stored at -20°C. 
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Real-time PCR (miRNA) 

MiRNA expression levels were measured in cells transfected with miRNA mimics 

using the miScript SYBR
®
 Green PCR Kit and the Rotor-Gene Q (QIAGEN Pty Ltd). 

Each reaction consisted of 1 µL of template cDNA, 10 µL of 2x QuantiTect SYBR 

Green PCR Master Mix, 2 µL 10x miScript Universal Primer, 2 µL 10x miScript Primer 

Assay (miR-7, miR-153, miR-203, miR-144 or RNU6B) made up to a final volume of 

20 µL with RNase-free water. The amplification cycle consisted of an initial activation 

step at 95°C for 15 min, followed by 40 cycles of; 15 s at 94°C, 30 s at 55°C and 30 s at 

70°C (data was acquired at this step). Each sample was amplified in duplicate. No-

template controls were included for each primer pair. RNU6B was used as the reference 

gene as advised by the Guidelines for miRNA mimic and miRNA inhibitor experiments 

Handbook (QIAGEN Pty Ltd, 2015). 

Reverse transcription (SNCA-140, SNCA-112 and SNCA-115) 

MiRNA mimic transfection experiments 

Total RNA was reverse transcribed using iScript™ Reverse Transcription Supermix for 

RT-qPCR (Bio-Rad Laboratories Pty Ltd, Gladesville, NSW, Australia). Each reaction 

consisted of 1 µL of template RNA, 0.5X of 5x iScript RT supermix, made up to a final 

volume of 20 µL. This was incubated at 25°C for 5 min, 42°C for 1 h and 85°C for 

5 min and then immediately chilled on ice for 5 min. The cDNA was stored at -20°C. 

Ethanol treatment cell model in HEK293T/SH SY5Y cells 

The larger RNA fraction was reverse transcribed using the GoScript™ Reverse 

Transcription System (Promega, Alexandria, NSW, Australia). Each reaction consisted 

of 0.5 µg of template RNA, 1 µL of Oligo(dT)15, 1 µL of Random Primer, made up to a 
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final volume of 20 µL. This was incubated for 5 min at 70°C and then immediately 

chilled on ice for 5 min. A reverse transcription mix containing, 4 µL of GoScript™ 5x 

Reaction Buffer, 3 µL of MgCl2, 1 µL of PCR Nucleotide Mix, 1 µL of RNasin, 1 µL of 

GoScript™ Reverse was then added to the RNA-primer mix. This was incubated at 

25°C for 5 min, 42°C for 60 min and then deactivated at 70°C for 15 min. The cDNA 

was stored at -20°C. 

Real-time PCR (SNCA-140, SNCA-112 and SNCA-115) 

Primer design 

Primers for the α-synuclein splice variants were designed using Primer Express
®
 v1.5 

Software (Applied Biosystems, Mulgrave, VIC, Australia) as described previously 

(Janeczek et al., 2015) and synthesised by Sigma-Aldrich. Primer pairs were designed 

so that at least one primer spanned an exon boundary, specificity was verified using 

BLAST
®

 (Altschul et al., 1997). The pair of primers specific for the SNCA-115 variant 

included part of the intron 4 sequence. Previously established methods were used to 

determine primer efficiency (Pfaffl, 2001). GAPDH was used as the reference gene, as 

in previous studies (Ho et al., 2010, Janeczek et al., 2015, MacKay et al., 2011). These 

primers were synthesised by Integrated DNA Technologies Pty. Ltd. (Baulkham Hills, 

NSW, Australia). The primer sequences are shown in the supplementary Table S6.1. 

Real-time PCR 

MiRNA mimic transfection experiments 

α-Synuclein splice variant expression levels were measured using the iTaq™ Universal 

SYBR® Green Supermix (Bio-Rad Laboratories Pty Ltd) and the Rotor-Gene Q 

(QIAGEN Pty Ltd). Each reaction consisted of the forward and reverse primer, 1 µL of 
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template cDNA, 10 µL of SYBR, in a final volume of 20 µL with RNase-free water. 

The amplification cycle consisted of an initial activation step at 95°C for 30 s, followed 

by 40 cycles of; 5 s at 95°C and 30 s at 61/56°C (data was acquired at this step). Each 

sample was amplified in duplicate. No-template controls were included for each primer 

set. 

Ethanol treatment cell model in HEK293T/SH SY5Y cells 

Expression levels of the α-synuclein splice variants were measured using the 5x HOT 

FIREPol
®

 EvaGreen
®
 qPCR Mix Plus (ROX; Solis BioDyne, Tartu, Estonia) and the 

Rotor-Gene Q (QIAGEN Pty Ltd). Each reaction consisted of the forward and reverse 

primer, 4 µL of 5x HOT FIREPol
®
 EvaGreen

®
 qPCR Mix Plus (ROX) and 1 µL of 

template cDNA, in a final volume of 20 µL with RNase-free water. The amplification 

cycle consisted of an initial activation step at 95°C for 15 min, followed by 40 cycles of; 

15 s at 95°C, 30 s at 61/65°C and 30 s at 72°C. Each sample was amplified in duplicate. 

No-template controls were included for each primer set.  

6.3.6 Statistical analysis 

Real-time PCR was performed to measure miRNA and α-synuclein mRNA splice 

variant expression levels in samples harvested following the miRNA mimic transfection 

and ethanol treatment experiments. A threshold of 0.03 was set in the exponential phase 

of the reaction on the amplification plot of fluorescence vs. cycle number to determine 

the CT for each sample using the Rotor-Gene Q Software (QIAGEN Pty Ltd). This was 

kept constant between runs. The CT value is the cycle number at which the amplifying 

PCR product crossed the set threshold line. Each sample was normalized to the 

reference gene; RNU6B was used for miRNA and GAPDH was used for α-synuclein 

splice variant analysis. The difference in CT values of each sample and the appropriate 
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reference gene were expressed as the ΔCT. A fold change comparison (ΔΔCT) was then 

generated by subtracting the ΔCT value for control (untransfected/untreated) cells from 

the ΔCT values for each transfected/treatment sample. For the ethanol treatment model; 

as samples were harvested at two time points (after the five day treatment and then post 

withdrawal) the appropriate ΔCT control value was used for each group to calculate the 

ΔΔCT values. These values were then converted to 2
-ΔΔCT

 values for presentation using 

GraphPad Prism 6 (Livak and Schmittgen, 2001, van Steenwyk et al., 2013). Data was 

analysed by performing Independent-Samples T-Test or ANOVA followed where 

appropriate by the Games-Howell post hoc test using IBM SPSS Statistics 22 software. 

6. 4 Results 

6.4.1 Predicting miRNA:mRNA target interactions 

MicroRNA.org (Enright et al., 2003), TargetScan (Agarwal et al., 2015), PITA (Kertesz 

et al., 2007) and RNAhybrid (Rehmsmeier et al., 2004) were used to identify potential 

miRNA:mRNA interactions between each of the four miRNAs (miR-7, miR-153, miR-

144 and miR-203) and the 3ʹ-UTR of each of the three α-synuclein splice variants. We 

also used the PITA and RNAhybrid algorithms which allow the input of miRNA and 3ʹ-

UTR sequences. We investigated interactions between each of the four miRNAs and the 

wildtype SNCA-140 variant 3ʹ-UTR as well as the 3ʹ-UTRs of the two other transcripts, 

SNCA-112 and SNCA-115. The predicted miRNA binding sites for miR-7, miR-153, 

miR-144 and miR-203 for each splice variant are shown in Table 6.1. We considered 

interactions which were predicted by 2 or more of these algorithms based on 7 to 8 nt 

complementarity at the seed sequence and/or favourable miRNA:target duplex 

thermodynamics (Maziere and Enright, 2007).  
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Each online prediction tool produces a score for each predicted miRNA binding site found in the 3ʹ-UTR of a gene, which predicts the 

thermodynamics (ΔG) required for the miRNA:target 3ʹ-UTR interaction to occur. A lower score indicates a more favourable duplex interaction. 

Table 6.1: Predicted miRNA binding sites in the 3ʹ-UTR of each of the SNCA-140, SNCA-112 and SNCA-115 splice variants. 

Prediction tool Transcript miRNA Position Score 

microRNA.org ENST00000394991 (SNCA-140) 

ENST00000420646 (SNCA-112) 

ENST00000394986 (SNCA-140) 

ENST00000336904 (SNCA-140) 

miR-7 

miR-153 

miR-144 

miR-203 

102 

445 

373 

1591 

-1.17 

-0.50 

-0.44 

-0.04 

TargetScan 7.0 ENST00000394986 (SNCA-140) 

 

miR-7 

miR-153 

miR-144 

miR-203 

120-127 

459-465 

385-391 

87-93 

-0.69 

-0.42 

-0.24 

-0.13 

 ENST00000502987 (SNCA-115) miR-203 233-240 -0.39 

PITA ENST00000394986 (SNCA-140) 

 

miR-7 

miR-153 

miR-203 

119 

458 

87 

-13.67 

-4.62 

-7.7 

 ENST00000420646 (SNCA-112) 

 

miR-7 

miR-153 

miR-203 

 

119 

1383 

458 

87 

-13.67 

-4.52 

-4.62 

-7.7 

 ENST00000502987 (SNCA-115) 

 

miR-144 

miR-203 

100 

233 

-4.45 

-3.93 

RNAhybrid ENST00000394986 (SNCA-140) miR-7 

miR-153 

miR-144 

miR-203 

104 

433 

370 

73 

-22.0 

-18.7 

-14.3 

-17.7 

 ENST00000420646 (SNCA-112) 

 

miR-7 

miR-153 

miR-203 

104 

433 

1563 

73 

-22.0 

-18.7 

-17.4 

-17.7 

 ENST00000502987 (SNCA-115) 

 

miR-144 

miR-203 

106 

223 

-10.5 

-16.7 
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6.4.2 Transfection of miRNA mimics 

MiRNA mimics for miR-7, miR-153, miR-144 and miR-203 were transfected into 

HEK293T cells to investigate the effect this would have on endogenous expression of 

the three α-synuclein splice variants of interest. Successful transfection was determined 

by measuring the expression of each miRNA by real-time PCR. A 40 (miR-7), 350 

(miR-153), and 800 (miR-144 and miR-203) fold increase was seen in transfected cells 

compared to untransfected (miR-7: T15 = 11.679, P < 0.001; miR-153: T15 = 10.422, P < 

0.001; miR-144: T15 = 11.836, P < 0.001; miR-203: T15 = 9.540, P < 0.001). 

Transfection of miR-203 mimic resulted in significant down-regulation of the 

endogenous expression of both SNCA-112 (~29%; T15 = 2.898, P = 0.011) and SNCA-

115 (~31%; T13 = 3.169, P = 0.007) with no effect on the SNCA-140 variant (T15 = 

0.040, P = 0.969; Figure 6.1). Whereas, transfection of miR-144 mimic resulted in 

significant down-regulation of the endogenous expression of SNCA-115 (~47%; T14 = 

5.028, P < 0.0001), with no effect on the other two variants (SNCA-140: T15 = 0.944, 

P = 0.360; SNCA-112: T13 = 1.435, P = 0.175). Endogenous expression of the SNCA-

140 variant was significantly decreased in HEK293T cells transfected with miR-7 

(~11%; T15 = 4.078, P = 0.001) and miR-153 mimic (~20%; T15 = 5.541, P < 0.0001). 

Expression of the SNCA-112 and SNCA-115 variants did not change in cells transfected 

with miR-7 mimic (SNCA-112: T13 = 0.016, P = 0.987; SNCA-115: T14 = 1.539, 

P = 0.146) or miR-153 mimic (SNCA-112: T15 = 0.052, P = 0.960; SNCA-115: T13 = 

0.503, P = 0.623). 
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Figure 6.1: Relative expression of α-synuclein splice variants in HEK293T cells 

transfected with miRNA mimics. HEK293T cells were transfected with miRNA 

mimics for miR-7, miR-153, miR-144 and miR-203. SNCA-140, SNCA-112 and 

SNCA-115 expression was measured using real-time PCR. The results were graphed as 

2
-ΔΔCT

 values (mean ± SEM, *P < 0.05). The Independent-Samples T-test was used to 

analyse the ΔΔCT values, compared to the control (untransfected HEK293T cells). 
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6.4.3 Transfection of miRNA precursor and SNCA 3ʹ-UTR clones 

In order to investigate the direct interactions of the four miRNAs of interest with the α-

synuclein 3ʹ-UTR, miRNA precursor and SNCA 3ʹ-UTR clones were co-transfected into 

HEK293T cells. Three clones were used each containing a different length of the SNCA-

140 3ʹ-UTR sequence. A reduction in luciferase activity indicated that the miRNA 

bound to the SNCA 3ʹ-UTR target clone. There was no change in luciferase activity in 

HEK293T cells transfected with any of the miRNA precursors and a control target 3ʹ-

UTR (miR-153: T9 = 0.572, P = 0.581; miR-144: T9 = 1.450, P = 0.181; miR-203: T8 = 

1.925, P = 0.090), except for miR-7 which did show a decrease (11%; T7 = 4.519, 

P = 0.003). HEK293T cells co-transfected with the miR-7 precursor clone and the mid-

length (HmiT017582) SNCA 3ʹ-UTR clone showed a significant decrease in luciferase 

activity (36%; T9 = 12.067, P < 0001; Figure 6.2). Although a significant reduction in 

luciferase activity was seen in cells transfected with the control target and miR-7, this 

decrease was minimal when compared to cells transfected with the SNCA 3ʹ-UTR clone, 

confirming the validated interaction between miR-7 and the SNCA-140 3ʹ-UTR 

(Doxakis, 2010, Junn et al., 2009).  

HEK293T cells co-transfected with the miR-203 precursor and the shortest 

(HmiT017583) SNCA 3ʹ-UTR clone showed a small but reproducible decrease in 

luciferase activity (4%; T7 = 2.729, P = 0.029). Decreased luciferase activity was also 

seen for cells transfected with the miR-7 precursor (32%; T9 = 22.508, P < 0.0001). 

There was no change in luciferase activity in the cells co-transfected with the miR-153 

or the miR-144 precursor (miR-153: T9 = 0.155, P = 0.880; miR-144: T9 = 0.787, 

P = 0.451). Cells co-transfected with the miR-153 precursor clone and the mid length 

SNCA 3ʹ-UTR showed a significant decrease in luciferase activity (14%; T9 = 3.327, 

P = 0.009; Figure 6.2). Those cells co-transfected with the miR-203 or miR-144 clone 
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showed no change in luciferase activity (miR-203: T9 = 1.563, P = 0.153; miR-144: T9 

= 1.547, P = 0.156). HEK293T cells co-transfected with the miR-7 precursor clone and 

the longest (HmiT054654) SNCA 3ʹ-UTR clone showed a significant decrease in 

luciferase activity (31%; T9 = 5.391, P < 0.0001; Figure 6.2). There was no change in 

luciferase activity in the cells co-transfected with the miR-153, miR-144 or the miR-203 

precursor clones (miR-153: T9 = 0.812, P = 0.438; miR-144: T8 = 0.712, P = 0.497; 

miR-203: T9 = 1.584, P = 0.148).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2: Effect of miRNAs on SNCA 3ʹ-UTR reporter activity. HEK293T cells 

were co-transfected with a miRNA precursor (miR-7, miR-153, miR-144 and miR-

203) and SNCA 3ʹ-UTR clones of differing lengths. The graphs for the SNCA 3ʹ-UTR 

target clones are organised in order of length from shortest to longest. Firefly and 

Renilla luciferase activity was measured and the results were graphed as ratios to the 

control (mean ± SEM, *P < 0.05). The Independent-Samples T-test was used to analyse 

the data, compared to the control (HEK293T cells co-transfected with the control target 

3ʹ-UTR clone and a scrambled miR-precursor clone). 
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6.4.4 Ethanol treatment 

HEK293T cells 

Expression levels of three α-synuclein splice variants; SNCA-140, SNCA-112 and 

SNCA-115 were measured following a 5 day exposure to 75 mM ethanol with or 

without a withdrawal period. Comparisons were made between chronic (C) and chronic-

intermittent (CI) treatment with and without a withdrawal period. All three α-synuclein 

splice variants were differentially expressed following ethanol exposure with and 

without withdrawal (ANOVA, SNCA-140: F4,52 = 119.854, P < 0.0001; SNCA-112:  

F4,55 = 17.201, P < 0.0001; SNCA-115: F4,54 = 69.601, P < 0.0001; Figure 6.3). The 

SNCA-140 splice variant was significantly down-regulated following chronic exposure 

to ethanol (Games-Howell, P < 0.0001) and remained down-regulated even after the 

five day withdrawal period (Games-Howell, P < 0.0001). Whereas, the expression of 

the SNCA-112 splice variant was up-regulated following chronic exposure to ethanol 

(Games-Howell, P < 0.0001). The SNCA-112 variant was also up-regulated following 

ethanol exposure with withdrawal, this approached significance (Games-Howell, P = 

0.072). Increased expression of the SNCA-115 splice variant following ethanol exposure 

was also seen however this was not significant (Games Howell, P = 0.189). The 

expression levels of SNCA-115 remained up-regulated even after the five day 

withdrawal period (Games-Howell, P < 0.0001). Changes in expression levels for all 

splice variants were greater following withdrawal.  

Chronic-intermittent exposure resulted in significant down-regulation of the SNCA-140 

variant (Games-Howell, P = 0.039). No change in expression levels of the SNCA-112 

and SNCA-115 variants were seen following chronic-intermittent exposure with or 



Page | 111  

 

without the additional five day withdrawal period (Games-Howell, SNCA-112: CE: P = 

0.887; CEW: P = 0.997; SNCA-115: CE: P = 0.999; CEW: P = 0.231). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3: Expression levels of α-synuclein splice variants in HEK293T cells 

following exposure to 75 mM ethanol. Comparisons were made between chronic (C) 

and chronic-intermittent (CI) treatment with (C + W; CI + W) and without a withdrawal 

period (C; CI). Expression of SNCA-140, SNCA-112 and SNCA-115 was measured 

using real-time PCR. The results were graphed as 2
-ΔΔCT

 values (mean ± SEM, *P < 

0.05). ANOVA followed by the Games-Howell post hoc test where appropriate was 

used to analyse the ΔΔCT values, compared to the control (untreated HEK293T cells).  
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SH SY5Y cells 

Expression levels of the α-synuclein splice variants were measured in SH SY5Y cells 

following a 5 day exposure to 75 mM ethanol with or without a withdrawal period. All 

three α-synuclein splice variants were differentially expressed following ethanol 

exposure with and without withdrawal (ANOVA, SNCA-140: F4,35 = 168.652, P < 

0.0001; SNCA-112: F4,29 = 39.556, P < 0.0001; SNCA-115: F4,27 = 17.660, P < 0.0001; 

Figure 6.4). Expression levels of all three variants, SNCA-140, SNCA-112 and SNCA-

115 were significantly up-regulated following chronic exposure (Games-Howell, SNCA-

140: P < 0.0001; SNCA-112: P < 0.0001; SNCA-115: P < 0.0001). The up-regulation of 

the SNCA-140 variant following chronic ethanol exposure persisted after the five day 

withdrawal period (Games-Howell, P < 0.0001). Expression levels of both the SNCA-

112 and SNCA-115 splice variants returned to normal after the withdrawal period 

(Games-Howell, SNCA-112: P = 0.289; SNCA-115: P = 0.396).   

Chronic-intermittent exposure resulted in up-regulation of the SNCA-140 and SNCA-

112 splice variants (Games-Howell, SNCA-140: P = 0.015; SNCA-112: P = 0.014). 

There expression levels of the SNCA-115 splice variant did not change significantly 

(Games-Howell, P = 0.117). Chronic-intermittent exposure followed by a five day 

withdrawal period resulted in significant down-regulation of all the variants (Games-

Howell, SNCA-140: P = 0.010; SNCA-112: P = 0.017; SNCA-115: P = 0.001).  
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Figure 6.4: Expression levels of α-synuclein splice variants in SH SY5Y cells 

following exposure to 75 mM ethanol. Comparisons were made between chronic (C) 

and chronic-intermittent (CI) treatment with (C + W; CI + W) and without a withdrawal 

period (C; CI). Expression of SNCA-140, SNCA-112 and SNCA-115 was measured 

using real-time PCR. The results were graphed as 2
-ΔΔCT

 values (mean ± SEM, *P < 

0.05). ANOVA with the Games-Howell post hoc test where appropriate was used to 

analyse the ΔΔCT values, compared to the control (untreated SH SY5Y cells).  
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6.4.5 Transfection of miRNA mimics prior to ethanol treatment in differentiated 

hNSCs 

Differentiated hNSCs were transfected with miR-153 or miR-203 mimic 24 h prior to 

ethanol treatment and then treated with 75 mM ethanol for 24 h. Expression levels of 

the three α-synuclein splice variants were measured after the 24 h ethanol treatment 

using real-time PCR. The SNCA-140 splice variant was significantly upregulated ~5 

fold following exposure to ethanol (Control vs. ethanol: T3 = 27.142, P < 0.0001; Figure 

6.5). This up-regulation of the SNCA-140 splice variant was attenuated (~3 fold) in the 

cells transfected with miR-153 mimic prior to ethanol exposure (Ethanol vs. miR-153: 

T6 = 4.276, P = 0.005). The expression levels of the SNCA-112 and SNCA-115 splice 

variants were not significantly changed in the cells transfected with miR-153 mimic 

prior to ethanol exposure (Ethanol vs. miR-153: SNCA-112: T5 = 0.723, P = 0.502; 

SNCA-115: T5 = 0.686, P = 0.523).  

The SNCA-140 splice variant was significantly upregulated ~4 fold following exposure 

to ethanol (Control vs. ethanol: T10 = 9.395, P < 0.0001; Figure 6.5). This up-regulation 

of the SNCA-140 splice variant was attenuated (~3 fold) in the cells transfected with 

miR-203 mimic prior to ethanol exposure (Ethanol vs. miR-203: T14 = 2.150, 

P = 0.050). The expression level of the SNCA-112 splice variant was significantly 

upregulated ~14 fold following exposure to ethanol (Control vs. ethanol: T3 = 12.030, P 

= 0.001). This up-regulation of the SNCA-112 splice variant was attenuated (~4 fold) in 

the cells transfected with miR-203 mimic prior to ethanol exposure, this approached 

significance (Ethanol vs. miR-203: T4 = 2.329, P = 0.080). The SNCA-115 splice variant 

was significantly upregulated ~12 fold following exposure to ethanol (Control vs. 

ethanol: T3 = 9.044, P = 0.003). This up-regulation of the SNCA-115 splice variant was 



Page | 115  

 

attenuated (~4 fold) in the cells transfected with miR-203 mimic prior to ethanol 

exposure (Ethanol vs. miR-203: T6 = 5.770, P = 0.001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5: Effect of elevating miRNA levels in differentiated neurons prior to 

ethanol treatment on SNCA variant expression. Differentiated hNSCs were 

transfected with either miR-153 or miR-203 mimic for 24 h and then exposed to 75 mM 

ethanol for 24 h. Following which expression levels of SNCA-140, SNCA-112 and 

SNCA-115 were measured using real-time PCR. Results for the hNSCs pre-transfected 

with a miRNA mimic and then exposed to ethanol (miR-153 or miR-203) and hNSCs 

exposed to ethanol only (ethanol) were graphed as 2
-ΔΔCT

 values (mean ± SEM, *P < 

0.05). The Independent-Samples T-test was used to analyse the data, compared to cells 

treated with ethanol alone (ethanol). 
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6.5 Discussion 

α-Synuclein, a candidate gene for alcoholism (Levey et al., 2014), is a known mediator 

of dopaminergic neurotransmission (Baptista et al., 2003, Yavich et al., 2004) which 

plays an important role in the reward circuitry in the brain (Self and Nestler, 1998). α-

Synuclein exists in a number of splice variants and the expression of individual splice 

variants are differentially altered in alcoholic brain (Janeczek et al., 2015, Janeczek et 

al., 2014, Liu et al., 2006). MiRNAs regulate gene expression and have been implicated 

in disease development in humans (Bushati and Cohen, 2008), including alcohol 

addiction (Pietrzykowski et al., 2008). Ethanol-induced miR-9 up-regulation resulted in 

selective degradation of BK splice variants via a miR-9 binding site in the 3ʹ-UTR, 

altering the profile of BK channels which are involved in the development of alcohol 

tolerance (Pietrzykowski et al., 2008). This suggests that the regulatory mechanisms 

involved in the development of an alcohol misuse phenotype may be mediated by 

miRNAs. For this study, we investigated the potential interaction between four 

miRNAs, miR-7, miR-153, miR-144 and miR-203 and the individual splice variants of 

α-synuclein. These miRNAs are up-regulated in the prefrontal cortex of alcoholics and 

are predicted to target the 3ʹ-UTR of these variants. 

Computational algorithms can be used to predict miRNA target sites within the 3′-UTR 

of a chosen gene. It has been predicted that there are 59 miRNA binding sites in the 3′-

UTR of the α-synuclein transcript (Betel et al., 2008). However, most of these miRNAs 

and their predicted targets have not been validated in vitro. The predicted 

miRNA:mRNA interactions between miR-7 and miR-153 and the wild type α-synuclein 

3ʹ-UTR were validated in previous studies (Doxakis, 2010, Junn et al., 2009), however 

the effect of miR-7 and miR-153 on other α-synuclein splice variants has not been 
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investigated. The wild type SNCA-140 variant is post-transcriptionally regulated by 

miR-7 and miR-153 (Doxakis, 2010). MiR-7 and miR-153 reduce both mRNA and 

protein levels of α-synuclein alone and in combination; miR-153 regulates protein levels 

by inducing degradation of the mRNA transcript, and miR-7 acts through translational 

inhibition. SNCA-140 also has predicted target sites for several other alcohol-responsive 

miRNAs. It is not known whether the SNCA-112 and SNCA-115 α-synuclein splice 

variants are regulated by miRNAs in the same way. However, in silico analysis of the 

proposed 3ʹ-UTRs of the SNCA-112 and SNCA-115 variants suggests that the variants 

are likely to have different miRNA target sites. The sequences of the three α-synuclein 

splice variants are available on the Ensembl database. The SNCA-112 and SNCA-140 

variants both contain exon 6, which is partially encoded and the rest is designated as the 

3′-UTR sequence. The 3′-UTRs of these variants are identical in sequence but differ in 

length. The SNCA-115 splice variant, on the other hand, has a 3′-UTR encoded entirely 

from intron 4 and is therefore different to the other variants. 

In this study, a cell-culture model was used to investigate miRNA:target interaction 

using miRNA precursor and α-synuclein 3ʹ-UTR clones to determine if the miRNAs 

bind to the 3ʹ-UTR of α-synuclein. Three SNCA 3ʹ-UTR clones were used each differing 

in length. A miRNA binding to the 3ʹ-UTR clone would result in repressed luciferase 

activity. We reported a decrease in luciferase activity in HEK293T cells co-transfected 

with the shortest SNCA 3ʹ-UTR clone and the miR-203 precursor clone. These results 

show that miR-203 may bind to the SNCA 3ʹ-UTR and may reflect the location of the 

miRNA binding site as only the shortest clone was targeted. Although miRNA binding 

sites within the SNCA 3ʹ-UTR were predicted for miR-144, this data did not support this 

interaction occurring in vitro. The results also replicated previous findings that show 

that miR-7 and miR-153 bind to the SNCA 3ʹ-UTR (Doxakis, 2010). 
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In addition, HEK293T cells were transfected with miRNA mimics for the four 

miRNAs, to investigate the effect of these miRNAs on the expression of the three α-

synuclein splice variants. Following transfection of the miR-7 and miR-153 mimics, 

expression of the SNCA-140 splice variant was reduced. This down-regulation was 

greater in cells transfected with the miR-153 mimic. Previous studies have shown that 

miR-7 and miR-153 down-regulate α-synuclein and inhibit translation and that miR-153 

induces degradation of the target mRNA as seen in our results. This confirmed our 

transfection protocol was successful. Expression levels of the SNCA-112 splice variant 

were down-regulated in cells transfected with miR-203 whereas, the SNCA-115 variant 

was down-regulated in cells transfected with miR-144 or miR-203 mimic. These results 

suggest that the α-synuclein splice variants are differentially regulated by different 

miRNA.  These miRNAs may therefore have a specific role in the regulation of α-

synuclein and be used to fine tune the individual splice variants which may have yet to 

be defined specific roles within the cell. 

These results suggest that the individual splice variants are differentially targeted and 

therefore regulated by different miRNAs. Mir-7, miR-153 and miR-203 were predicted 

to target the 3ʹ-UTR of the SNCA-140 and SNCA-112 splice variants. MiR-144 was 

predicted to target the SNCA-140 splice variant 3ʹ-UTR and the unique 3ʹ-UTR of the 

SNCA-115 was predicted to have binding sites for miR-203 and miR-144.  Multiple 

binding sites were suggested for miR-203. The ΔG is the optimal free energy of 

binding; if the ΔG is highly favourable (lowest ΔG), this indicates a high probability 

that the target site will be unstructured and the miRNA will be able to access and bind 

to the miRNA binding site (Muckstein et al., 2006). All the predicted miRNA binding 

sites for miR-7, miR-153, miR-144 and all except for one predicted site for miR-203 



Page | 119  

 

had favourable ΔG and formed complexes at the seed sequence with 7 to 8 nucleotides 

suggesting favourable conditions for an interaction to occur.  

Studies using human alcoholic brain have shown predicted targets of up-regulated 

miRNAs to be down-regulated in the same tissue (Lewohl et al., 2011, Liu et al., 2006). 

This suggests that the reduced expression of genes in human alcoholic cases may be due 

to the up-regulation of specific miRNAs. Targets of these miRNAs appear to have roles 

in cellular processes essential to neuronal plasticity; therefore it can be suggested that 

these miRNAs may mediate cellular adaptations to alcohol exposure and contribute to 

the deterioration of neuronal functioning seen in chronic alcohol misuse (Dolganiuc et 

al., 2009). This highlights the potential impact of miRNAs in the development of 

alcohol-related gene expression changes in human brain 

Therefore, identifying miRNAs that are involved in alcoholism, validating the 

miRNA:target interaction and showing that miRNA-mediated regulation can be affected 

by ethanol may lead to knowledge of the pathophysiology of alcohol use disorders as 

well as the possibility of discovering therapeutic approaches to aiding individuals with 

the disease. It is important that the prediction of miRNA:target interactions is followed 

up by several experimental procedures to demonstrate that the miRNA is in fact binding 

to the 3ʹ-UTR of its target mRNA. The criteria to validate miRNA:mRNA interaction 

has been reviewed in Kuhn et al., (2008). 

To further investigate the effects of ethanol on the expression of α-synuclein splice 

variants we developed an ethanol treatment model based on previously published 

studies (Cagetti et al., 2003, Guo et al., 2012, Olsen et al., 2005, Qiang et al., 2007, Rani 

et al., 2005). As HEK293T and SH SY5Y cells have differing expression patterns of α-

synuclein, we treated both cell lines with ethanol using two well established paradigms. 



Page | 120  

 

SH-SY5Y cells are a dopaminergic neuroblastoma cell line that constitutively expresses 

α-synuclein. SH SY5Y cells have lower endogenous levels of α-synuclein than 

HEK293T cells. HEK293T and SH SY5Y cells have been used in previously published 

studies to investigate miRNA:mRNA interactions and in ethanol treatment models 

(Doxakis, 2010, Junn et al., 2009, van Steenwyk et al., 2013). 

It must be noted that a cell culture model may not completely model the complex 

interactions that occur in the brain since it is likely that a number of miRNAs act 

together resulting in the changes in gene expression seen in alcoholic brain. A cell 

culture model provides an environment that can be manipulated to investigate the 

mechanisms involved in alcohol addiction. The ethanol treatment paradigm involved 

treating cells with media containing 75 mM ethanol over five days with or without an 

additional five day withdrawal period, based on previous ethanol treatment studies 

(Cagetti et al., 2003, Guo et al., 2012, Olsen et al., 2005, Qiang et al., 2007, Rani et al., 

2005). Cells were also treated intermittently with ethanol for 12 h and then with ethanol 

free media for 12 h for five days with or without a withdrawal period following the 

treatment period. Determining an appropriate ethanol concentration is important to 

prevent severe cell toxicity while also allowing an environment to study the effects of 

chronic alcoholism and intermittent exposure (Qiang et al., 2007, Sheela Rani and 

Ticku, 2006). This concentration of 75 mM mimics a blood alcohol concentration of 

about 0.3% (~ 8 “standard drinks”) and would result in moderate to severe intoxication 

in alcoholics. A concentration of 75 mM has been used in previous ethanol treatment 

models (Guo et al., 2012, Qiang et al., 2007, Rani et al., 2005, van Steenwyk et al., 

2013) 
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Expression levels of three SNCA splice variants; SNCA-140, SNCA-112 and SNCA-115 

were measured following a 5 day exposure to 75 mM ethanol with or without a 

withdrawal period. The α-synuclein splice variants were differentially expressed 

following ethanol treatment. These changes remained after the removal of ethanol. The 

results match the same pattern of SNCA-140 and SNCA-115 variant expression seen in 

the prefrontal cortex of human alcoholics (Janeczek et al., 2015). This suggests that 

ethanol treatment models with cell lines may provide a dependable environment to 

study the effects of ethanol on miRNA and gene interactions. Post mortem human brain 

is a valuable resource for research however access is limited and does not allow for 

intervention and monitoring. In vivo preliminary studies on the brain are invasive and 

high risk and therefore not appropriate, whereas animal models have issues with genetic 

compatibility between humans and rodents. 

In a previous study the expression of miR-7, miR-153, miR-144 and miR-203 was 

measured in HEK293T cells following exposure to ethanol (van Steenwyk et al., 2013). 

The expression of miR-7 was up-regulated whereas miR-203 was down-regulated in 

response to chronic ethanol treatment and this inversely correlated to changes in the 

levels of the SNCA-140, SNCA-112 and SNCA-115 splice variants following chronic 

ethanol treatment found in this study.  These splice variants may have a role in 

mediating the cellular response to ethanol. Gene regulation via selective degradation of 

splice variants has been reported before in the Pietrzykowski et al., (2008) study, 

involving ethanol induced selective degradation of the BK channel mRNAs via miR-9. 

This mechanism may underlie the cellular neuroadaptive changes that occur as a result 

of long-term alcohol misuse. 
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To further understand the potential for miRNAs to regulate α-synuclein splice variants 

we used differentiated hNSC to investigate whether introduction of synthetic miRNAs 

in the form of miRNA mimics could alter the cells response to ethanol. Differentiated 

hNSCs were transfected with miR-153 or miR-203 mimic 24 h prior to ethanol 

treatment, the cells were then treated with 75 mM ethanol for 24 h. Expression levels of 

all three variants were increased following 24 h exposure to ethanol. Transfecting miR-

203 mimic prior to ethanol exposure attenuated the up-regulation of all three α-

synuclein variants. The up-regulation of the SNCA-140 splice variant was also 

attenuated in hNSCs transfected with miR-153 mimic prior to ethanol exposure. These 

results suggest that the cellular response to ethanol exposure can be altered with the use 

of miRNA mimics. 

The results of this study, suggest that the α-synuclein splice variants are differentially 

targeted by miRNAs and differentially expressed in response to ethanol exposure. These 

findings suggest selective miRNA-mediated regulation of the α-synuclein splice 

variants that may be altered in response to ethanol. SNPs in the 3ʹ-UTR have the 

potential to alter miRNA target sites, thereby disrupting the regulation of the splice 

variants. In this way, sequence variation in the 3ʹ-UTR may predispose individuals to 

the toxic effects of chronic alcohol misuse through a miRNA-mediated mechanism 

(Chen et al., 2008, Georges et al., 2007).  The 3ʹ-UTR of SNCA is highly polymorphic 

and contains many SNPs. A polymorphism may affect the binding of miRNA to the 

binding site within the 3ʹ-UTR of α-synuclein, by altering the secondary structure or 

unfolding of the 3ʹ-UTR and inhibiting access to the site (Kertesz et al., 2007). Genetic 

variation within the 3ʹ-UTR and the effect of this on miRNA-mediated regulation of α-

synuclein is a topic that requires further investigation as more miRNA:SNCA 

interactions are validated. 
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Our results suggest miR-203 to be a potential novel regulator of α-synuclein, in 

particular the SNCA-112 and SNCA-115 variants. It is clear that the expression levels of 

miRNAs and their predicted target α-synuclein splice variants are altered in response to 

ethanol in cell culture models. These expression changes seen following chronic alcohol 

misuse may be a result of gene dysregulation mediated by miRNAs that contribute to 

the damage seen in the brain. The α-synuclein splice variants may have specific roles in 

the brain leading to neurotoxicity or neuroprotection and it is likely that this process is 

mediated by miRNAs. Additional information on miRNAs and their predicted targets 

will help to determine biological functions and networks of genes regulated by specific 

miRNAs and will lead to the discovery of the mechanisms involved in the 

pathophysiology of alcohol misuse. Although our focus has been on how these 

miRNA:mRNA interactions are affected by ethanol, understanding the regulation of α-

synuclein can inform other neurodegenerative diseases that involve α-synuclein 

dysfunction, such as Parkinson disease. 

  



Page | 124  

 

6.6 Supplementary material 

 

 

  

Table S6.1: Primer sequences. 

  Primer Sequence Annealing 

Temp (
o
C) 

SNCA-140 Forward 5′ – GTGTGGCAACAGTGGCTGAG – 3′ 61 

 Reverse 5′ – TGGGGCTCCTTCTTCATTCTTG – 3′  

SNCA-112 Forward 5′ – GTGTGGCAACAGTGGCTGAG – 3′ 65 

 Reverse 5′ – ATACCCTTCCTTGCCCAACTG – 3′  

SNCA-115 Forward 5′ – GTTGGGCAAGGTATGGCTGTGTA – 3′ 65 

 Reverse 5′ – GCCTGAAACAAGCAAGACCAATA – 3′  

GAPDH Forward 5′ – TGCACCACCAACTGCTTAGC – 3′ 61/65 

 Reverse 5′ – GGCATGGACTGTGGTCATGAG – 3′  
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Chapter 7: General Discussion 

This chapter forms part of a manuscript that has been accepted and will be published as 

a review chapter entitled: ‘Effect of alcohol on the regulation of α-synuclein in the 

human brain’, in the reference book Addictive Substances and Neurological Disease 

(Elsevier, 2017). 

Paulina Janeczek and Joanne M. Lewohl 
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The aim of this thesis was to investigate the role of genetic variation and miRNAs on 

the regulation of α-synuclein expression, with a focus on the effects of long-term 

excessive alcohol exposure on the brain. The findings here, provide preliminary 

evidence of increased susceptibility of developing an alcohol misuse phenotype due to 

genetic variation near the promoter region of α-synuclein, and selective miRNA-

mediated regulation of the α-synuclein splice variants which is effected by ethanol 

exposure, further confirming α-synuclein as a candidate gene for alcoholism. 

Expression levels of the wildtype α-synuclein splice variant, SNCA-140 in the prefrontal 

cortex of human alcoholics and controls were correlated with genotyping data to 

determine if the microsatellite marker SNCA-Rep1 altered the regulation of the 

expression of this gene and whether this contributed to the susceptibility of an alcohol 

misuse phenotype (Chapter 3). Alcoholics had a greater frequency of the shortest allele 

found in our population (267 bp) which was associated with reduced expression of α-

synuclein in the prefrontal cortex of alcoholics. In addition, individuals with at least one 

copy of the 267 bp allele were more likely to have shown an alcohol misuse phenotype. 

The length of the SNCA-Rep1 alleles has previously been associated with expression 

levels of α-synuclein in the blood and brain (Fuchs et al., 2008, Linnertz et al., 2009, 

McCarthy et al., 2011). 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, 

with alcoholics expressing lower levels of α-synuclein compared to controls. 

The influence of genetic variation on α-synuclein expression was further explored by 

investigating the effect of several candidate SNPs throughout the gene on both 

expression and susceptibility to the disease (Chapter 4). Previous studies have reported 
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conflicting expression patterns of α-synuclein in alcoholics (Etheridge et al., 2009, 

Lewohl et al., 2004, Lewohl et al., 2000, Liu et al., 2004, Liu et al., 2006, Mayfield et 

al., 2002). In order to investigate these discrepancies, we measured the expression levels 

of SNCA-140 and two additional α-synuclein splice variants, SNCA-112 and SNCA-115 

in the prefrontal cortex of uncomplicated alcoholics, alcoholics with concomitant 

cirrhosis of the liver and controls. The results in this study may explain the 

discrepancies seen in previous studies, as two of the splice variants SNCA-140 and 

SNCA-112 were found to have reduced expression levels in the prefrontal cortex of 

cirrhotic alcoholics in our population, whereas the novel SNCA-115 was increased. 

SNCA-140 was expressed at much higher levels than SNCA-112 and SNCA-115, 

suggesting that changes in the SNCA-140 variant are likely to have a larger impact 

which leads into the work covered in subsequent chapters of this thesis in regards to 

regulation of the individual variants and their role in the brain. In addition, eight SNPs 

located throughout SNCA were genotyped in a Caucasian population of 125 controls 

and 115 alcoholics. Although three of the SNPs, rs356221, rs356219 and rs2736995 had 

significant differences in allele and genotype frequencies, these SNPs were not 

associated with risk in our population. The results did however suggest that the 

rs356219/356221 G-A haplotype found may reduce the risk of developing an alcohol 

misuse phenotype. These results suggest that the α-synuclein splice variants are 

differentially expressed in the brain of alcoholics, however the genetic variants 

investigated here did not appear to influence this expression. 

This thesis has focused on the prefrontal cortex of the human brain as it is particularly 

susceptible to the neurotoxic effects of alcohol following long-term excessive 

consumption. However, this is not the only brain region that exhibits damage following 

chronic alcohol misuse. Measuring effects in other brain regions did not fit into the 
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scope of this thesis although it may be beneficial to investigate the effects of long-term 

alcohol misuse in other areas of the brain, particularly those involved with the reward 

circuitry of the brain. Although the SNPs investigated in Chapter 4 did not appear to 

influence the expression of α-synuclein in the prefrontal cortex, this may not be the case 

for other brain regions, such as the ventral tegmental area from which the dopaminergic 

reward circuitry projects to the nucleus accumbens (Gatto et al., 1994, Ikemoto, 2007, 

Rodd-Henricks et al., 2000). As α-synuclein has a known role in dopaminergic 

neurotransmission (Baptista et al., 2003, Yavich et al., 2004), these regions are more 

likely to be affected by altered α-synuclein expression caused by genetic variation at the 

SNCA site (Buckland et al., 2005, Sommer et al., 2010, Zhou et al., 2008). Gene 

association studies require power to detect correlation of SNPs with a disease 

phenotype. Power analysis for genetic association studies is used to evaluate the number 

of samples required to detect an effect of a disease allele and takes into account sample 

size, disease allele frequency, significance level, genotype relative risk and disease 

prevalence (Sham and Purcell, 2014). Some caution must be taken when interpreting 

results from a small population due to the lack of power. The population used for this 

thesis is relatively small and lacks power, however the SNPs investigated in Chapter 4 

have been associated with alcohol-use phenotypes in previous publications in different 

populations (Foroud et al., 2007) and this is the only study to date to correlate risk 

alleles with α-synuclein expression in post mortem human brain. Significant differences 

in frequencies between alcoholics and controls for rs356221, rs356219 and rs2736995 

were found in our population, future studies using a larger population may therefore 

find an association with alcohol use disorders and α-synuclein expression changes. 

Testing multiple SNPs in one population can introduce multiple testing bias which must 

also be considered. Haploview, the program used to determine LD in the study, uses an 
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iterative method to correct for multiple testing. The results created are permutated χ2 

and P values resulting from permutation tests carried out by the Haploview program and 

reflect the values for LD that exists between the SNPs after correcting for multiple 

testing. Correcting for multiple testing reduces the false positive rate when testing 

multiple SNPs in case-control genetic association studies; the most common correction 

used is the Bonferroni method (Balding, 2006). 

Throughout the work presented in the thesis, GAPDH was used as the endogenous 

reference gene when performing real-time PCR to measure α-synuclein mRNA 

expression. Although the work has since been published in several papers, the use of 

only one endogenous gene for normalisation, a common practice, is contested because 

of potential errors arising from the fact that most genes are under regulatory influence to 

some extent (Vandesompele et al., 2002). Control genes are used to normalise the data 

to remove any sampling differences, such as RNA quantity and quality and non-specific 

variation, identifying the real gene-specific variation. Endogenous control reference 

genes can vary considerably in different cell types and experimental conditions (Bustin, 

2000, Suzuki et al., 2000, Thellin et al., 1999, Warrington et al., 2000). This could be 

considered a weakness, leading to bias during statistical analysis and the inability to 

detect small differences in expression due to variation in the endogenous control gene. 

There are solutions for appropriate normalization when planning the experimental 

approach; including an appropriate number of stable endogenous control genes when 

performing real-time PCR is critical. A study by Vandesompele et al., (2002) that 

evaluated 10 of the most common used endogenous reference control genes in various 

tissues, recommended the use of at least three of the most stable control genes for 

calculating a ‘normalisation factor’ so that an average of the ratio can be taken and 

provide a robust appropriate control gene to normalise gene expression analysis. These 
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control genes must be evaluated in the tissue of interest to ensure no variation is 

detected in the samples or in response to experimental treatment. It is also important to 

determine how many stable control genes are required for accurate and reliable 

normalisation of samples with relatively low expression variation. In order to ensure 

subtle expression differences are detected for genes of interest additional stable control 

endogenous references should be evaluated in future experimental approaches. GAPDH 

is a recognized endogenous reference gene. In a previous study also measuring gene 

expression changes in human prefrontal cortex in the same group of alcoholics and 

controls used for the work presented in this thesis, GAPDH was evaluated with four 

other potential control genes and determined to be the most stable and accurate 

endogenous reference gene (Ho et al., 2010). Gene expression analysis is an important 

technique for understanding patterns of expressed genes and providing insight into 

complex regulatory networks in human brain following long-term excessive alcohol 

use. The results in Chapter 4 reported that the expression patterns of the α-synuclein 

splice variants are different in cirrhotic alcoholics compared to controls suggesting α-

synuclein has a role in the biological processes of alcohol misuse, although the 

regulatory mechanisms still remain unclear. 

MiRNAs are abundantly expressed in the brain and are well known regulators of gene 

expression. In Chapter 5, we measured expression levels of three alcohol-responsive 

miRNAs, miR-203, miR-153 and miR-7 in human alcoholic brain. The results suggest 

that miRNAs are up-regulated in the prefrontal cortex of alcoholics and that this is 

largely influenced by gender and concomitant cirrhosis of the liver. This up-regulation 

was more pronounced in female alcoholics with cirrhosis of the liver. In males, miR-

203 was significantly increased in alcoholics with and without cirrhosis of the liver and 

miR-153 was up-regulated in uncomplicated alcoholics, however there was no 
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significant change in miR-7 expression levels. In females, miR-203, miR-153 and miR-

7 were significantly up-regulated in alcoholics with cirrhosis of the liver. These results 

suggest that miRNAs are up-regulated following long-term alcohol misuse and provide 

further evidence of miRNA-mediated regulation of α-synuclein in the brain. By 

measuring α-synuclein and miRNA expression in the same brain samples we are able to 

integrate the results to help create expression profiles of key genes of interest in the 

brain following chronic alcohol misuse. The results suggest that the expression levels of 

the α-synuclein variants and miRNAs in the prefrontal cortex are different in cirrhotic 

alcoholics compared to controls, following long-term excessive alcohol use. The 

direction of the expression changes from this data may aid in interpreting subsequent 

miRNA-mRNA interaction studies (summary of results in Table 7.1). 

Post mortem human prefrontal cortex samples from controls and alcoholics were 

collected by the Queensland Brain Bank and the NSW Tissue Resource Centre, both of 

which are supported by the National Health and Medical Research Council. These 

samples were used to measure gene expression of three SNCA splice variants, SNCA-

140, SNCA-112 and SNCA-115 (Chapter 3 and 4), and three miRNAs of interest; miR-7, 

miR-153 and miR-203 (Chapter 5). Tissue processing can influence the usability of post 

mortem brain tissue samples and as such it is critical to have high quality tissue that has 

been carefully characterised, collected and stored. RNA can be successfully extracted 

from human post mortem brain tissue providing careful preservation (Hynd et al., 2003) 

and used for PCR-based analysis (Lewohl et al., 1997b). The samples used for this 

study were collected and carefully preserved using optimal preservation procedures 

(Dodd et al., 1986). Cases and controls were matched as closely as possible to improve 

data reliability. It is also important to take into account the neuropathological 

examination, any co-existing pathologies and the influence of agonal state when 
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choosing individuals for specific studies. Cases with a history of polydrug misuse or 

other neurological conditions such as Parkinson disease, Wernicke-Korsakoff syndrome 

or hepatic encephalopathy were excluded. A number of factors may affect gene 

expression in post mortem human brain tissue, including; age, gender, post mortem 

interval, mode of death, agonal state, autopsy interval and time in storage (Hynd et al., 

2003). We are aware that these differences will always exist between individuals and 

may determine tissue integrity. This needs to be taken into account when including 

samples in the study and interpreting data. Post mortem brain tissue continues to be an 

important resource to study the long-term effects of excessive alcohol consumption and 

advance our understanding of the neural pathways that underlie alcohol use disorders 

In Chapter 6, miRNA:target interactions between four alcohol responsive miRNAs of 

interest, miR-7, miR-153, miR-144 and miR-203 predicted to target α-synuclein and the 

three α-synuclein splice variants were investigated using reporter constructs and 

miRNA mimics transfected into HEK293T cells. Cell culture transfection techniques 

are used to investigate miRNA:mRNA interactions in vitro. Several experimental 

approaches are required in order to validate an interaction occurring between a miRNA 

of interest and its target gene, the experimental work in Chapter 6 provides some 

evidence for potential new miRNA regulators of SNCA (summary of results in Table 

7.1). MiRNA and SNCA 3ʹ-UTR clones were transfected into HEK293T cells in order to 

determine if the miRNA was binding to the SNCA 3ʹ-UTR sequence encoded in the 3ʹ-

UTR plasmid through the use of a luciferase reporter. This was followed by transfecting 

HEK293T cells with miRNA mimics to monitor the response of endogenous levels of 

the SNCA splice variants. Increasing levels of the majority of miRNAs will decrease the 

target gene. This approach does not determine whether the miRNA is binding to the 

SNCA 3ʹ-UTR however we are able to monitor for the expected decrease in target gene 
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expression in order to collect further evidence that the miRNA of interest may have 

regulatory effects on α-synuclein. In summary, the results suggest miR-203 targets the 

3ʹ-UTR of the SNCA-112 and SNCA-115 splice variants, whereas, miR-7 and miR-153 

selectively target the SNCA-140 variant. This suggests that the individual α-synuclein 

splice variants are selectively targeted by different miRNAs and are therefore thought to 

be differentially regulated, this may impact how each variant responds to ethanol 

exposure and suggests different functional roles. 

Cell culture techniques were also used to investigate the effects of ethanol on α-

synuclein expression. An ethanol treatment model was developed in order to determine 

if the α-synuclein splice variants were differentially expressed following exposure to 

ethanol. This was followed by transfecting differentiated human neural stem cells with 

miRNA mimic and then exposing the cells to ethanol. This experimental approach 

investigated the effect of ethanol on endogenous levels of α-synuclein in a ‘neuron-like’ 

cell line and whether or not this response changed when a miRNA was transfected into 

the cell prior to ethanol exposure. The results of this study suggested that the individual 

α-synuclein variants respond differently following exposure to ethanol and that this 

change in expression can be attenuated with the prior-transfection of a miRNA mimic. 

The results reported significant attenuation in expression levels of the SNCA-140 variant 

following ethanol treatment with prior-transfection of miR-153 and miR-203. The 

SNCA-140 variant was expressed at higher levels in human neural stem cells than 

SNCA-112 and SNCA-115. The α-synuclein expression results although strong were 

variable, particularly for the SNCA-112 and SNCA-115 variants, this study would 

benefit from further replication. It is thought that α-synuclein has a dual role in 

neuroprotection and neurotoxicity that is dependent on expression levels. The individual 

splice variants may therefore have defined roles in this response.  
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Table 7.1. Summary of α-synuclein and miRNA expression results. 

 SNCA-140 SNCA-112 SNCA-115 

Brain Tissue Expression    

Human prefrontal cortex (Cirr) (Cirr) (Cirr) 

    

75 mM Ethanol Treatment 

(HEK293T) 

   

Chronic-intermittent  N.C. N.C. 

Chronic-intermittent with withdrawal N.C. N.C. N.C. 

Chronic    

Chronic with withdrawal    

    

75 mM Ethanol Treatment (SH 

SY5Y) 

   

Chronic-intermittent   N.C. 

Chronic-intermittent with withdrawal    

Chronic    

Chronic with withdrawal  N.C. N.C. 

    

MiRNA Mimic Transfection 

(HEK293T) 

   

MiR-7 mimic  N.C. N.C. 

MiR-153 mimic  N.C. N.C. 

MiR-144 mimic N.C. N.C.  

MiR-203 mimic N.C.   

    

MiRNA Mimic Transfection and 

Ethanol Treatment (hNSC) 

   

Ethanol (only)    

miR-153 and ethanol Attenuated   N/S N/S 

miR-203 and ethanol Attenuated  N/S Attenuated  

    

MiRNA precursor and 3ʹ-UTR SNCA 

Plasmid Transfection (HEK293T) 

HmiT017583 HmiT017582 HmiT054654 

MiR-7 mimic (HEK293T)    

MiR-153 mimic (HEK293T) N.C.  N.C. 

MiR-144 mimic (HEK293T) N.C. N.C. N.C. 

MiR-203 mimic (HEK293T)  N.C. N.C. 

    

Brain Tissue Expression miR-203 miR-153 mir-7 

Female human prefrontal cortex (Cirr)    (Cirr)   (Cirr) 

Male human prefrontal cortex         (Alc/Cirr)   (Alc) N.C. 

* Alc (Alcoholic), Cirr (Cirrhotic Alcoholic), N.C., no change; N/S (not significant) 
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The majority of cell culture experiments in this thesis involved the use of immortalized 

cancer cell lines. While this experimental approach is still valid and common practice 

these types of cell lines have their limitations. Immortalized cell lines still have their 

place and are useful for optimisation experiments and in vitro validation of 

miRNA:mRNA target interactions, however the use of these cell lines is often criticised 

as they do not reflect an ‘in vivo like’ environment. Human neural stem cells can be 

used to model neurological disease providing the ability to investigate neuronal gene 

expression and function directly within a neuronal cell line (reviewed in Jakel et al., 

2004). These cells are a renewable resource and can be used in various experimental 

approaches including ethanol treatment models (Kim et al., 2014, Santillano et al., 

2005) and miRNA transfections (Stevanato et al., 2015, Stevanato and Sinden, 2014). 

The use of human neural stem cells can improve our understanding of the mechanisms 

of alcohol-induced neurotoxicity that may result in neuronal dysfunction and how this 

may be regulated by miRNAs. 

The work presented in this thesis has expanded our understanding of the regulation of α-

synuclein and explored the aspect that gene expression and therefore gene-regulation is 

central in disease control and manifestation. The studies investigated the role of genetic 

variation with in or near the α-synuclein gene and miRNA interactions with the SNCA 

3ʹ-UTR on α-synuclein expression. We have shown that genetic variation near the 

SNCA promoter region can down-regulate gene expression and increase susceptibility to 

developing an alcohol misuse phenotype. We have also shown miRNA-mediated 

regulation of α-synuclein that is selective for each of the α-synuclein splice variants. 

Differences in miRNA binding sites within each of the splice variants may affect the 

way the variants are expressed. These results are supported by previous studies that 

have found that miR-7 and miR-153 work synergistically to down-regulate the 
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expression of the SNCA-140 variant (Doxakis, 2010). Our results suggest a novel 

interaction between the 3ʹ-UTR of both the SNCA-112 and SNCA-115 splice variants 

and miR-203. These findings support selective miRNA-mediated regulation of the α-

synuclein splice variants. Selective regulation of splice variants was seen in the 

Pietrzykowski et al., (2008) study where ethanol induced miR-9 up-regulation resulted 

in selective degradation of BK splice variants via a miR-9 binding site in the 3ʹ-UTR, 

altering the profile of BK channels which are involved in the development of alcohol 

tolerance (Pietrzykowski et al., 2008). These findings suggest that regulatory 

mechanisms involved in the development of an alcohol misuse phenotype may be 

mediated by miRNAs. 

The individual α-synuclein splice variants and miRNAs respond to ethanol exposure in 

cell culture models much like the expression patterns seen in human alcoholic brain. 

MiRNAs are up-regulated in the prefrontal cortex of human alcoholics (Lewohl et al., 

2011). Predicted targets of these genes including α-synuclein are down-regulated in the 

prefrontal cortex of alcoholics (Janeczek et al., 2015, Liu et al., 2006). This suggests 

that the reduced expression of genes in human alcoholic cases may be due to the up-

regulation of specific miRNAs. As the SNCA-115 splice variant was increased in the 

prefrontal cortex of alcoholics, whereas the SNCA-140 and SNCA-112 variants were 

down-regulated (Janeczek et al., 2015), this may indicate that the α-synuclein splice 

variants may have different roles in the brain. Previous studies have suggested that α-

synuclein has a dual role in neuroprotection and neurotoxicity that is dependent on 

expression levels (Seo et al., 2002). The individual splice variants may therefore have 

defined roles in this response.  
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As the overall results suggest that the α-synuclein splice variants are targeted by 

different miRNAs it may be possible to regulate the amounts of each of these variants in 

vivo using synthetic miRNAs. MiRNAs may have therapeutic potential in protecting the 

brain against ethanol induced damage by altering selective α-synuclein splice variants to 

promote neuroprotection. Based on previous studies, it has been suggested that α-

synuclein may play a role in neuroprotection (Seo et al., 2002), in which one of the 

splice variants may be involved.  Synthetic miRNAs could be used to selectively reduce 

expression levels of the α-synuclein splice variants or antagomirs could be used to 

knock down specific miRNAs allowing the up-regulation of selective splice variants. 

MiR-7 and miR-203 are potential candidates for such studies. 

In general, these results suggest that miRNA-mediated regulation of miRNAs in the 

prefrontal cortex of human alcoholics may contribute to the neuronal adaptations that 

are observed in alcoholic brain, leading to dysfunction and neuronal loss. Neuronal loss 

and damage to the brain occurs following long-term alcohol misuse (Harper, 2009). The 

pathophysiology of the disease does not occur instantaneously but is rather a gradual 

adaptation to the exposure of alcohol as observed in alcoholic brain.  It is more likely 

that the mechanisms affecting the miRNA:target interactions in addiction pathways will 

have gradual phenotypic consequences, due to a “fine tuning” approach to gene 

regulation (Georges et al., 2007). Due to their “fine tuning” function, miRNA-mediated 

regulation could explain the complexity of the disease pathway, multiple genes being 

involved and each having an additive affect. 

α-Synuclein is a key mediator of dopaminergic neurotransmission; including synthesis, 

storage, release and reuptake of the neurotransmitter (Baptista et al., 2003, Yavich et al., 

2004). The reward system in the brain which is involved in craving, withdrawal and 
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addiction is mediated by dopaminergic neurotransmission. Therefore continuous 

exposure to alcohol may result in changes to α-synuclein expression which in turn 

effects neuronal functions and may contribute to the mechanisms involved in craving, 

alcohol dependence and neuronal loss. Hirth and colleagues (2016) investigated changes 

following abstinence in the striatal dopamine system using a model that showed an 

association between increased extracellular dopamine levels during prolonged 

abstinence with susceptibility for relapse. This suggests that alcohol exposure followed 

by withdrawal alters the normal function of dopamine which is known to be regulated 

by α-synuclein. Down-regulation of α-synuclein is seen in the prefrontal cortex of 

alcoholics. Lower levels of α-synuclein may therefore increase susceptibility of neurons 

to the neurotoxic effects of alcohol due to a loss of its neuroprotective effects. Since α-

synuclein also plays a role in trafficking of neurotransmitter transporters, neurons with 

lowered α-synuclein levels may lose the ability to adapt to the continual presence of 

alcohol in the brain. Therefore it is thought that α-synuclein may play a part in the 

alcohol addiction pathway. Normal physiological regulation of α-synuclein may be 

affected by miRNAs. MiRNAs may have roles in synapse formation and plasticity 

(Schratt et al., 2006) which may be involved in the reward circuitry. MiRNAs may 

therefore mediate the cellular adaptions that occur in response to alcohol exposure.   

Overall, these findings suggest that long-term excessive alcohol exposure effects the 

expression of the α-synuclein variants in human brain differently and that this may be 

due to different mechanisms of gene regulation. It is possible that different miRNAs 

regulate the expression of the α-synuclein splice variants, and that chronic exposure is 

changing the normal pathophysiology of the brain. This highlights the potential impact 

of miRNAs in the development of alcohol-related gene expression changes in human 

brain and further endorses α-synuclein as a candidate gene for alcoholism. Determining 
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the regulatory mechanisms of the individual α-synuclein splice variants will aid in 

discovering their biological functions in neurons and their roles in not only alcohol use 

disorders but other neurodegenerative diseases where α-synuclein dysfunction is 

present. These findings also provide a new area for investigation with the potential for 

therapeutic modulation in the treatment of addiction. 
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Table A1: Case summary – samples used for all expression studies. 

Subject Group Age, y PMI, h Sex Cause of Death 

Controls     

 75 15.25 F Cardiac arrest 

 60 27.67 F COAD 

 54 15.75 F Pulmonary embolism 

 33 48.42 F Pulmonary thromboembolism 

 78 4.00 F Myocardial infarction 

 78 22.00 F Acute myocardial infarct 

 52 9.50 F Ischaemic heart disease 

 46 28.00 F Ischaemic heart disease 

 43 48.00 F Respiratory disease 

 44 24.00 F Cardiac failure 

 31 94.00 F Pulmonary embolism 

 53 48.00 F Cardiovascular disease 

 77 96.00 M Myocardial infarction 

 80 8.50 M Ischaemic heart disease 

 67 34.05 M Coronary atherosclerosis 

 55 38.00 M Cardiovascular disease 

 54 56.00 M Ischaemic heart disease 

 61 27.00 M Coronary thrombus 

 59 12.00 M Ischaemic heart disease 

 56 10.00 M Right coronary thrombus 

 68 15.00 M Unknown 

 59 27.00 M Peritonitis 

 62 18.00 M Congestive cardiac failure 

Alcoholics 28 49.42 F Pneumonia 

 46 14.25 F Myocarditis 

 70 17.00 F Cardiac arrhythmia/Epilepsy 

 49 20.50 F Right pyelonephritis 

 27 36.00 F Drug and alcohol overdose 

 46 27.00 F Pulmonary congestion 

 48 24.00 F Clomipramine toxicity 

 46 16.00 F Alcohol related disorder 

 46 5.00 F Respiratory distress syndrome 

 66 58.00 F Peritonitis 

 57 67.00 M Alcoholic pancreatitis 

 49 16.00 M Dilated cardiomyopathy 

 42 35.00 M Suicide - CO poisoning 

 34 31.00 M Aspiration of gastric contents 

 45 22.37 M Unknown 

 56 68.25 M Pneumonia 

 59 15.00 M Suicide - Hanging 

 43 21.75 M Aspiration pneumonia 

 70 30.00 M Coronary atheroma 

 29 24.50 M Pulmonary oedema 

 70 15.00 M Ischaemic heart disease 

 57 48.00 M Renal failure 

 66 46.00 M Carcinoma of pancreas 

 78 20.00 M Pneumonia 



Page | 158  

 

Subject Group Age, y PMI, h Sex Cause of Death 

 47 18.00 F Bronchopneumonia 

 52 17.00 F Cardiovascular disease 

 39 9.00 F Liver failure 

 61 27.42 M Acute renal failure 

 58 6.00 M Respiratory and Renal failure 

 51 14.00 M Liver failure encephalopathy 

 70 32.00 M Alcoholic liver disease 

 88 14.50 M Ischaemic heart disease 

 46 24.00 M Alcohol toxicity 

* PMI, post mortem interval; F, female; M, male; CO, carbon monoxide; COAD, 

chronic obstructive airways disease   
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Table A2: Case summary – samples used for all genotyping studies.  

Subject Group Age, y PMI, h Sex Cause of Death 

Controls     

 57 43.50 F Acute myocardial infarct 

 24 24.00 M Electrocution 

 76 20.15 M Septicaemia 

 85 38.00 M Aspiration pneumonia 

 75 36.35 M Sepsis 

 58 27.00 M Peritonitis 

 70 6.40 M Cardiac arrest 

 54 15.75 F Pulmonary embolism 

 81 21.26 F Intracranial haemorrhage 

 59 12.00 M Ischaemic heart disease 

 54 9.00 M Ischaemic heart disease 

 55 38.00 M Cardiovascular disease 

 67 15.00 M Unknown 

 52 9.50 F Ischaemic heart disease 

 45 28.00 F Ischaemic heart disease 

 57 9.45 F Unknown 

 31 94.00 F Pulmonary embolism 

 54 56.00 M Ischaemic heart disease 

 56 10.00 M Right coronary thrombus 

 43 24.00 F Cardiac failure 

 62 18.00 M Congestive cardiac failure 

 61 36.00 M Coronary thrombus 

 47 18.00 F Ischaemic heart disease 

 78 22.00 F Acute myocardial infarct 

 67 34.00 M Coronary atherosclerosis 

 89 17.00 M Congestive cardiac failure 

 75 15.25 F Cardiac arrest 

 70 46.10 M Myocardial infarction 

 67 67.00 M Myocardial infarction 

 61 15.14 M Coronary thrombosis 

 43 18.30 F Pulmonary embolism 

 75 24.26 F Heart Failure 

 32 48.50 F Pulmonary thromboembolism 

 87 31.30 F Acute pulmonary oedema 

 78 16.15 M Myocardial infarction 

 53 50.00 M Pulmonary embolism 

 62 8.00 M Adenocarcinoma 

 82 47.00 M Cardiorespiratory arrest 

 66 25.00 F Acute asthma/pneumothorax 

 76 96.00 M Myocardial infarction 

 70 18.00 F Right ventricular failure 

 78 4.00 F Myocardial infarction 

 79 8.50 M Ischaemic heart disease 

 64 28.00 M Ischaemic heart disease 

 44 22.00 M Electrocution 

 43 48.00 F Respiratory disease 

 53 48.00 F Cardiovascular disease 
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Subject Group Age, y PMI, h Sex Cause of Death 

Controls     

 68 36.25 F Renal failure 

 52 61.40 M Myocardial infarction 

 90 3.00 F Gastrointestinal haemorrhage 

 45 120.00 F Hepatocellular carcinoma 

 28 3.00 M Gastrointestinal haemorrhage 

 76 86.00 F Hepatic encephalopathy 

 76 5.50 M Hepatic encephalopathy 

 61 17.45 F Oesophageal varices 

 51 n/a  M Anaplastic anaemia 

 80 9.00 M Pneumonia 

 92 11.00 M Myocardial infarction 

 37 11.00 M Pulmonary embolism 

 69 21.00 M Septicaemia 

 92 96.00 F Myocardial infarction 

 56 10.00 F Coronary atherosclerosis 

 84 27.30 F Acute renal failure 

 34 17.00 M Cardiac arrest 

 60 22.00 M Hypotensive heart disease 

 50 29.00 M Heart disease 

 78 26.00 F Heart attack 

 62 18.00 F Abdominal aortic aneurysm 

 62 17.00 M Coronary atherosclerosis 

 37 21.00 M Drowning 

 71 24.00 M Coronary atherosclerosis 

 66 8.40 M Multiple organ atrophy 

 68 15.00 M Suicide - Hanging 

 57 18.00 M Immersion - Drowning 

 71 19.35 M Myocardial infarction 

 19  n/a M  n/a 

 80 21.00 F Ischaemic heart disease 

 66 56.46 F Peripheral ischemia 

 33  n/a F  n/a 

 85 24.30 M Pneumonia 

 70 26.00 M Cardiac and renal failure 

 87 21.30 F Unknown 

 59 27.40 F COAD 

 68 27.25 M Acute renal failure 

 78 25.30 M Cardiac failure 

 68 43.40 F Myocardial infarction 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a F n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a F n/a 

 n/a n/a M n/a 

 68 36.25 F Renal failure 
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Subject Group Age, y PMI, h Sex Cause of Death 

Controls 

n/a n/a F n/a 

n/a n/a M n/a 

n/a n/a F n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a M n/a 

n/a n/a F n/a 

n/a n/a M n/a 

n/a n/a M n/a 

47 18.00 F Suicide 

n/a n/a M n/a 

72 27.00 M Myocardial infarction 

69 30.00 M Coronary atheroma 

60 13.00 M Myocardial infarction 

n/a n/a F n/a 

74 16.30 M Suicide - CO poisoning 

49  n/a M Adenocarcinoma 

64 78.05 M Aspiration pneumonia 

64 82.00 M Sepsis 

74 24.00 F Cardiac arrest 

64 40.00 M Coronary occlusion 

93 85.45 M Congestive cardiac failure 

88 17.50 F Hepatic encephalopathy 

Alcoholics 49 16.00 M Dilated cardiomyopathy 

70 22.00 F Cardiac arrythmia/Epilepsy 

43 27.00 M Aspiration pneumonia 

70 15.00 M Ischaemic heart disease 

64 41.00 M Airway haemorrhage 

75 28.50 M Myocardial infarction 

66 46.00 M Carcinoma of pancreas 

57 24.00 M Drowning 

71 20.00 M Coronary atherosclerosis 

58 80.00 M Bronchopneumonia 

71 33.40 M Bronchopneumonia 

54 25.30 M Septicaemia 

59 15.00 M Suicide - Hanging 

58 17.00 M Septic shock 

49 27.00 F Right pyelonephritis 

51 17.00 F Cardiovascular disease 

39 9.00 F Liver failure 
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Subject Group Age, y PMI, h Sex Cause of Death 

Alcoholics     

 46 5.00 F Respiratory distress syndrome 

 46 18.00 F Bronchopneumonia 

 29 24.50 M Pulmonary oedema 

 69 36.00 M Coronary atheroma 

 79 20.00 M Pneumonia 

 45 16.00 F Alcohol related disorder 

 44 22.50 M Unknown 

 66 58.00 F Peritonitis 

 63 24.00 M Coronary atherosclerosis 

 51 14.00 M Liver failure encephalopathy 

 56 48.00 M Renal failure 

 60 27.50 M Acute renal failure 

 58 6.00 M Respiratory and Renal failure 

 55 58.05 M Multi system organ failure 

 54 24.00 M Pneumonia 

 89 8.00 M Myocardial infarction 

 59 46.00 M Intraperitoneal haemorrhage 

 42 35.00 M Suicide - CO poisoning 

 46 16.50 F Myocaarditis 

 67 22.50 F Unknown 

 66 39.40 M myocardial infarction 

 56 68.25 M Pneumonia 

 56 85.00 M Bronchopneumonia 

 38 22.00 M Ischaemic heart disease 

 38 32.00 M Mixed drug toxicity 

 27 36.00 F Drug and alcohol overdose 

 28 49.50 F Pneumonia 

 34 31.00 M Aspiration of gastric contents 

 82 5.30 M Septic shock 

 46 27.00 F Pulmonary congestion 

 48 24.00 F Clomipramine toxicity 

 49 21.30 M Pericarditis 

 65 26.42 M Bronchopneumonia 

 57 67.00 M Alcoholic pancreatitis 

 42 36.00 M Alcohol and promethazine toxicity 

 60 n/a  M Oesophageal varices 

 18 34.00 M Methadone & alcohol toxicity 

 66 11.30 M Renal failure 

 67 53.00 F Alcoholic liver disease 

 55 23.10 M Acute respiratory failure 

 54 n/a  M Unknown 

 36 32.00 M Morphine & alcohol intoxication 

 70 16.25 M Myocardial infarction 

 37 14.00 F Unknown 

 79 n/a  M  n/a 

 48 16.00 M Oesophageal varices 

 73 15.00 M Pneumonia 

 44  n/a M  n/a 
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Subject Group Age, y PMI, h Sex Cause of Death 

Alcoholics     

 79 42.25 M Aspiration pneumonia 

 50  n/a M  n/a 

 77 20.15 M Septicaemia 

  n/a n/a  M n/a 

 62 23.00 M Multiple organ failure 

 23 35.00 M Suicide - CO poisoning 

 50 24.00 M Gastrointestinal haemorrhage 

 73 31.00 M Chronic airways disease 

 61 n/a M n/a 

 34 n/a M n/a 

 51 n/a M n/a 

 71 n/a M n/a 

 70 n/a M n/a 

 51 7.30 M Pneumonia 

 48 14.40 M Renal failure 

 70 32.00 M Alcoholic liver disease 

 73 26.30 M  n/a 

 63 n/a M Gastrointestinal haemorrhage 

 51 n/a M n/a 

 67 n/a F n/a 

 47 24.00 M Coronary occlusion 

  n/a n/a  M n/a 

 70 49.00 M Septicaemia 

 n/a n/a F n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a F n/a 

 n/a n/a F n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 46 24.00 M Alcohol toxicity 

 n/a n/a F n/a 

 n/a n/a M n/a 

 n/a n/a M n/a 

 56 7.00 M Coronary occlusion 

 67 31.00 M Alcoholic cirrhosis of the liver 

 47 17.00 M Throat cancer 

 57  n/a M Bronchopneumonia 

 88 14.50 M n/a 

 65 32.00 M Complications of chronic alcoholism 
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Subject Group Age, y PMI, h Sex Cause of Death 

Alcoholics 

41 37.00 F Narcotic & alcohol intoxication 

39 24.00 M Narcotic & alcohol intoxication 

* PMI, post mortem interval; F, female; M, male; CO, carbon monoxide; COAD,

chronic obstructive airways disease; n/a, not available




