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What is Alcoholism?

Genes & Proteins Involved in Alcoholism

Alcohol use disorder, also known as alcoholism, is characterized by the continued and uncontrolled
consumption of alcohol, despite it risking one’s health and safety. Additionally, individuals with the
disorder develop a tolerance to alcoholicbeverages, requiring more alcohol to get the same effect.
Alcoholics experience withdrawal symptoms when drinkingis decreased or stopped completely, which
typically occurs within several hours to days later .

Alcohol Intoxication

This occurs as there is an increased level of alcoholin the bloodstream, which increases the likelihood of
experiencing negative effects. Alcohol intoxication canlead to behavioral problems and mental
alterations, such as: inappropriate behavior, mood swings, lowered inhibitions, slurred speech, memory
and attentionimpairment, and poor coordination and balance. Very high blood alcohollevels can lead
to coma, brain damage, and ultimately death ™.

Alcohol Withdrawal

This occurs when alcohol use has been continuousand is then reduced or completely stopped. This
occurs within several hours to days later. Symptoms of alcohol withdrawal include perspiration,
tachycardia, tremors, insomnia, nausea and emesis, hallucinations, agitation, anxiety, and potentially
seizures .

Risk Factors

Alcoholismoccurs most frequently in adultsin their 20s and 30s, but it can begin at any age. Besides the
preexisting genetic mutationsin individuals with a family history of alcoholism, there are several risk
factors for alcoholism:

*Drinking too much on a regular basis
Starting to drink at an early age

Mental health issues, especially depression
*Bariatric surgery patients

*Social and cultural factors’

Alcohol-Associated Organ Damage

Cardiac Neurologic
Cardiac arrhythmias % R Ischemic stroke
Cardiomyopathy gt Hemorrhagic stroke

Ischemic heart disease
Lung

Hypertension
o
W — ? . Acute respiratory
R %‘} " Distress syndrome

7

§

Impacts of Alcoholism

*Increased risk of dangerous behavior
*Relationship problems

*Poor performance at work or school
*Increased likelihood of committing a crime
*Risk of developingother addictions
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Source: National Institute on Alcohol Abuse & Alcoholism

OPRM1: This gene encodes the mu opioid receptor (MOR) in humans and has an important role in
dependence to alcohol and other drugs of abuse such as nicotine and cocaine via its mutation of
the dopamine system. Transcription of this protein occurs in abundance within the brain, adrenal
glands, and testis. This mutation is located on the 118th loci of chromosome 6 and has been
associated with opioid and alcohol addiction 2.
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Figure 1. OPRM1 Loci on Chromosome 6 2 Figure 2. OPRM1 transcription levels 2 Figure 3. OPRM1Protein 3

ALDH2: Aldehyde dehydrogenase 2 protein is the second enzyme of the major oxidative pathway
of alcohol metabolism and is located on chromosome 12. There are two major liver isoforms of
ALDH2, cytosolic and mitochondrial. Caucasians have both isoforms, while approximately 50% of
East Asians lack the mitochondrial isoform, resulting in a higher frequency of acute alcohol
Intoxication among this group. Transcription of this protein occurs in abundance within the fat and
liver 4.
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Figure 4. ALDH2 loci on chromosome 12 # Figure 5. ALDH2 transcription levels * Figure 6. ALDH2 Protein >

DRD4: Dopamine receptor D4 encodes the D4 subtype of the dopamine receptor in humans.
Mutations in this gene have been associated with autonomic nervous system dysfunction,
attention deficit/hyperactivity disorder, and the personality trait of novelty seeking ¢. DRD4
polymorphism is associated with cravings for alcohol and binge drinking ”.
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Gene Mutations Involved in Alcoholism

There are several polymorphisms in the OPRML1 gene that may be associated with alcohol use
and dependence. The most common mutation is A118G. It is theorized that the lower
expression of the receptor observed in G carriers leads to an increase in alcohol intake. Studies
have found significant association between the 118G allele and alcohol dependence, alcohol
craving, the presence of alcohol use disorder, and total alcohol intake, specifically in East-Asian
populations®.

Alcohol dehydrogenase enzymes play a large role in the metabolization of alcohol. Mutations of
these enzymes can affect an individual’s vulnerability for alcohol dependence. ALDH2(2) is a
mutation in the ALDHZ2 allele in which amino acid is substituted from glutamic acid to lysine at
the 504th position, resulting in an inability to eliminate acetaldehyde. This causes high blood
alcohol concentrations after drinking and results in a painful effect called flushing. This
polymorphism is found exclusively in East-Asian populations ”.

Genotype factors that may increase susceptibility showed a higher frequency of a five repeat
allele of dopamine D4 receptor polymorphism in alcoholics with ALDH2(2). Alcoholics with the
five repeat allele were also found to abuse other drugs more frequently ™.

Epigenetics is significantly associated with the genetics of alcoholism. The disease is largely
associated with environmental factors. The epigenetic mechanisms that regulate changes in
gene expression observed in addiction respond not only to alcohol exposure, but also to the
presence of mental health disorders such as anxiety and stress. Both genetic and epigenetic
factors have been shown to aid in the transition from use to abuse via neuroadaptations in the
brain. Alcohol has been shown to affect epigenetic pathways in peripheral tissues, such as the
gastrointestinal and biliary systems 11 Ethanol > Acetaidenyde > Acotato
- ALDr)
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Figure 10. ALDH2(2) and the inability to metabolize
acetaldehyde

Future Outcomes

In recent years, doctors at the Medical University of South Carolina have experimented with
memory alteration to treat addiction. Pharmaceuticals that interrupt the brain’s ability to form
memories, such as propranolol, have been used to treat addicts. Experiments performed on
rats have proven that memory can be manipulated to lessen its influence on addictive behavior.
Addicts respond to various cues, some subconsciously, before they indulge in the addictive
behavior. The purpose of targeting memories is to expose the addict to said cues without
allowing them to consume the drug. Overtime, the cues will lose their power and no longer
induce cravings. Memory manipulation and behavioral therapy have proven to be the most
effective methods thus far in treating addiction?3.

. Alcohol use disorder. Mayo Clinic. https://www.mayoclinic.org/diseases-conditions/alcohol-use-disorder/symptoms-causes/syc-20369243. Published May 18, 2022. Accessed December 4,2022.

Oprm1 opioid receptor MU 1 [Homo Sapiens (human)] -gene - NCBI. National Center for BiotechnologyInformation. https :/iwww.ncbi.nlm.nih.gov/igene/4988. Accessed December 4,2022.

ICn3D: Web-based 3D structure viewer. National Center for Biotechnology Information. https :/mwww.ncbi.nlm.nih.gov/Structure/icn3 d/full.htm[?&mmdbid=163223&bu=1&showanno=1&source=full-feature

ALDH2 aldehyde dehydrogenase 2 familymember [Homo Sapiens (human)] - gene - NCBI. National Center for BiotechnologyInformation. https://www.ncbi.nlm.nih.gov/igene/217. Accessed December 4,2022.

3SZ9: Crystal structure of human ALDH2 modified with the beta-elimination product of Aldi-3; 1-(4-ethylbenzene)prop-2-en-1-one. National Center for BiotechnologyInformation. https://www.ncbi.nlm.nih.gov/Structure/pdb/3SZ9. Accessed December 4,2022.
DRD4 dopamine receptor D4 [homo sapiens (human)] - gene - NCBI. National Center for BiotechnologyInformation. https:/mwww.ncbi.nlm.nih.govigene/1815. Accessed December 4,2022.

Kimura M, Higuchi S. Genetics of alcohol dependence . https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1819.2011.02190.x. Published December 15,2010. Accessed December 4,2022.

S5WIV: Structure of the sodium-bound human D4 dopamine receptorin complexwith Nemonapride. National Center for Biotechnology Information. https :/iwww.ncbi.nim.nih.gov/Structure/pdb/5WIV. Accessed December 4,2022.

Francés F, Portolés O, Castell6 A, Costa JA, Verdu F. Association between opioid receptor MU 1 (OPRML1) gene polymorphisms and tobacco and alcohol consumption in a Spanish population. Bosnian journal of basic medical sciences.

https://www.ncbi.nlm.nih.govipmc/articles/PMC4469933/. Published April 25,2015. Accessed December 4,2022.
10. Muramatsu T, Higuchi S, Murayama M, Matsushita S, Hayashida M. Association between alcoholism and the dopamine D4 receptor gene. Journal of medical genetics. https://www.ncbi.nlm.nih.govipmc/articles/PMC1051835/. Published February1996. Accessed December 4,2022.
11. Krishnan HR, Sakharkar AJ, Teppen TL, Berkel TDM, Pandey SC. The epigeneticlandscape ofalcoholism. International review of neurobiology. https://iwww.ncbi.nim.nih.gov/pmc/articles/PMC4337828/. Published 2014. Accessed December 4,2022.
12. Chen C-H, Departmentof Chemical and Systems Biology, Ferreira JCB, et al. Targeting aldehyde dehydrogenase 2: New therapeutic opportunities.
Physiological Reviews. https:/fjournals.physiology.org/doi/full/10.1152/physrev.00017.2013. Published January1,2014. Accessed December4,2022.
13. Aguirre L. Altering memories to treat addiction. PBS. https://www.pbs.org/wgbh/nova/article/altering-memories-addiction/. Published April 16, 2019. Accessed

December4,2022.



	The Genetic Role of Alcoholism
	Slide 1

