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I. Introduction.

S1 A. Goals: The lecture demonstrates the way several different genetically influenced characteristics increase and decrease the alcoholism risk. The paradigm is typical of many complex genetic disorders in medicine and psychology. References include Hyman, 1999; Malhotra and Goldman, 1999; Baumeister, 1999).

S2 Genetic influences contribute to a variety of characteristics. These include the choice of drinking, sensitivity to reinforcement, vulnerability to dependence (the main topic of this lecture), and a differential risk for different problems (levels of intoxication, a differential vulnerability toward liver disease, Wernicke-Korsakoff's Syndrome, withdrawal, etc.). The slide describes these characteristics, highlighting the focus on dependence. Relevant references include McGue et al., 1999; Schuckit, in press; Goldman, 1999).

S3 C. It is worthwhile to briefly describe what is meant by abuse or dependence. The slide briefly outlines the criteria for these two DSM-IV disorders. A reference is the American Psychiatric Assn., The Fourth Diagnostic and Statistical Manual, 1994.

II. Alcoholism is genetically influenced and is typical of complex genetic disorders.

S4 A. The overall genetic influence in both men and women is supported by family, twin, and adoption studies. The slide presents the familial nature (four-fold increased risk in first degree relatives), twin studies (with monozygotic (MZ) twins demonstrating a further two-fold higher concordance over dizygotic (DZ) twins), and adoption studies where the increased risk remains in adopted-away children of alcoholics. References include Prescott and Kendler, 1999; Schuckit, in press; Goodwin et al., 1974).

B. Animal studies support genetic factors influencing a wide range of related phenomena such as levels of intoxication, acute tolerance, the tendency to drink, vulnerability to withdrawal, seizures, etc. Genetic factors in mice, rats, and primates also influence heavy repeated intake despite consequences. This is covered on the same slide. Useful references include Li, 2000; Crabbe, 1999; Schuckit, in press, Prescott and Kendler, 1999).

S5 C. The complex nature of genetic influences in alcoholism reflects the fact that at least 40% of the risk is explained by environment; many of the genetically influenced characteristics are controlled by multiple genes; and there are multiple avenues of increased and decreased risk. The remainder of the lecture discusses many of these potential avenues that impact on the risk. The slide describes the importance of environment, the polygenic nature of the disorder, and the fact there are multiple avenues in or away from alcohol problems.

S6 D. Among the characteristics that impact on the alcoholism risk and which will be discussed in this lecture are some risk-related genes (e.g., ALDH2-2) and broader phenotypes which reflect, at least in part, other risk-related genes. Examples include alcohol metabolizing enzymes; disinhibition (or impulsiveness/ASPD/low P3 amplitude/etc.); a low level of intensity of response to alcohol; independent psychiatric disorders such as manic depressive disease and schizophrenia; the opioid system; functioning of many different neurotransmitter systems, etc. The slide introduces these topics which will then become the focus of a discussion in themselves in the following sections. Useful references include Schuckit, in press; Goldman, 1999; Hyman, 1999.

III. The best documented set of genetic influences in alcoholism relates to alcohol metabolizing enzymes. These are generally protective of the alcoholism risk. References for the following data include Li, 2000; Wall et al., 1999; Higuchi et al., 1995; Neumark et al., 1998; Whitfield et al., 1998).

S7 A. There are multiple pathways for metabolizing alcohol (e.g., nonenzymatic avenues, the microsomal ethanol oxidizing system or MEOS, and catalase), but most of the data relate to alcohol and aldehyde dehydrogenases (ADH and ALDH). The slide shows the metabolism of alcohol by enzymes controlled by alleles of ADH and ALDH, emphasizing the importance of the production of acetaldehyde. The same slide highlights the relevant alleles associated with high acetaldehyde levels.

B. If alcohol is metabolized more rapidly, or (probably even more importantly) if the first breakdown product (acetaldehyde) is broken down more slowly, there is both an increased intensification of response to alcohol (as described by Wall et al., 1999) and a potentially adverse reaction to alcohol. This doesn't require a slide by itself, and the prior slide should remain on.

C. There are a number of important alleles that produce different forms of ALDH, with ALDH2-2 having a major impact on the alcoholism risk. The importance of homozygotes versus heterozygotes should be presented; the associated risks for alcoholism discussed; along with the increased risk for potential organ damage in heterozygotes who choose to drink heavily. The impact of environment in moderating the consequences of the ALDH-related alleles should also be discussed. The same slide demonstrates the different alleles and the different forms of ALDH.

D. A similar case can be made regarding alcohol dehydrogenase isoenzyme forms, especially those that relate to ADH2-2, 2-3, and 3-1. The impact that these relevant alleles might have on Caucasians as well should be mentioned.

E. A summary of the importance of alcohol-metabolizing enzymes should be presented. Emphasis can be placed on the fact that this is one genetic road of influence relating to alcoholism, and that this appears to be relatively independent of the other roads discussed in other sections of this lecture. This is a good example of how genes and environment and interact (e.g., with heterozygotes for ALDH).

IV. An increased genetic risk for alcoholism through disinhibition and/or impulsivity.

S8 A. Neuronal disinhibition and/or high levels of impulsivity form the core of this possible domain and might relate to a number of additional overlapping phenomena. These include the low amplitude of the P3 wave of the event related potential (ERP), the antisocial personality disorder (ASPD)/conduct disorder (CD), as well as Type II and Type B alcoholism. A slide presents this group of characteristics. These phenotypes might relate to several physiological phenomena. Useful references for this section include Begleiter and Porjesz, 1999; Bauer and Hesselbrock, 1999; Hill et al., 1999; Ehlers et al., 1998; Cloninger et al., 1999; Disney et al., 1999. 

S9 B. There are a number of potentially important additional characteristics that might relate to the disinhibition domain. These might include genetic material that impacts on low levels of serotonin (5-HT) functioning, and, perhaps, the D2 dopamine receptor (DRD2) gene (although the latter is more controversial. The student should be reminded that these additional characteristics might operate independently of disinhibition, but for heuristic purposes they are being discussed together. Markers related to the disinhibition domain, however, appears to be independent of alcohol-metabolizing enzymes and the intensity of response to alcohol (the next topic). Useful references include Hill, 2000; Lappalainen et al., 1998; Edenberg et al., 1999.

C. The potential mechanisms of the increase in risk might occur via impulsivity and problems learning from mistakes, as well as difficulty in modifying behavior when living in a heavy drinking environment. It is also possible these people use alcohol to decrease symptoms related to neuronal disinhibition. 

D. Data support the importance of genetic influences in these characteristics. A brief description of genetic influences in ASPD and the P3 amplitude should be reviewed. A slide outlines these basic findings. 

E. There are data that these characteristics are involved with an increased alcoholism risk. There are also data that children of alcoholics are more likely than controls to have some of these characteristics. No specific slide is needed for this point as the prior slide can remain on the screen.

V. A low level of response to alcohol as it relates to the alcoholism risk.

S10 A. A low response to alcohol can be documented as less change in body functioning at a given blood alcohol level, or a report of the need for a greater number of drinks to have a particular effect early in the drinking career. A low response can also be bred into animals. Useful references for this section include Schuckit and Smith, submitted; Volavka et al., 1996; Health et al., 1999; Wall et al., 1999; Tecott and Heberlein, 1998; Erblich and Earleywine, 1999; Thiele et al., 1998; Hodge et al., 1999; Schuckit et al., 1999.

B. The low response to alcohol might increase the risk for heavier drinking per occasion as people have less feedback that they are becoming intoxicated. It is also possible that they require more alcohol to get the level of intoxication others experience, so they drink more to gain that experience. The prior slide should remain on.

S11 C. The intensity of response to most substances, including alcohol, is likely to be genetically influenced with heritabilities of between 0.4 and 0.6. Useful references include Martin, 1988; Heath et al., 1999; Schuckit et al., submitted. The slide highlights the material in C and D.

D. The low response to alcohol correlates with the family history of alcoholism and predicts alcoholism in 4- to 20-year prospective studies in the U.S., Denmark, and Australia.

S12 E. The low response to alcohol might also relate to several independent characteristics or markers. These include background cortical EEG findings (low voltage and a relative deficiency of alpha); neuropeptide Y; corticotropin releasing (CRF) and the hypothalamic-pituitary adrenal axis (HPA); adenylyl cyclase (AC); protein kinase C (PKC); aspects of gamma amino butyric acid (GABA) functioning; and the serotonin transporter (SERT). The slide presents this information and the student will be reminded that any or all of these associated findings might also impact the risk for alcoholism through alternative mechanisms, but that presenting them as a "package" makes many of these characteristics easier to remember, and presents a potentially valid model. A slide presents these data.

VI. A predisposition through genetically-influenced independent psychiatric disorders.

S13 A. Forty percent or more of alcohol-dependent individuals meet criteria for another major psychiatric disorder. Especially relevant are bipolar manic depressive disease, schizophrenia, panic disorder, and social phobia. Each of these conditions is genetically influenced, and the disorders might themselves increase the risk for persistent alcohol 

problems. The slide demonstrates the level of crossover between alcoholism and other 

psychiatric disorders as discussed in A and B. Useful references include Kessler et al, 1997; Schuckit et al, 1997; Winokur et al., 1996. 

B. The student should be reminded that this is a complex topic because psychiatric symptoms (e.g., sadness) must be distinguished from full blown disorders (depressive episodes), and temporary symptoms seen in the context of heavy drinking (i.e., alcohol induced disorders) might not represent independent psychiatric disorders. 

S14 C. The crossover between alcoholism and other psychiatric disorders is likely to be the result of a variety of factors. These include temporary substance-induced disorders, escalating alcohol use in the context of poor judgement as a result of schizophrenia or bipolar manic episodes, self-medication of psychiatric symptoms with alcohol, poverty with an associated heavy drinking environment, alterations in neurotransmitters such as dopamine, and possible linkage between genes that impact the psychiatric disorders and those that increase the risk for alcoholism. A slide presents these possibilities. 

D. The student should be reminded that this potential heterogeneous domain of increased genetic influence appears to be independent of alcohol-metabolizing enzymes, a low level of response to alcohol, and, probably, disinhibition. However, the potential role of additional genetically-influenced characteristics should be noted. Thus, while some dopamine-related genetic markers might influence disinhibition, others might impact on schizophrenia and, thus, indirectly increase the alcoholism risk. Similarly, some neuropeptide Y receptors might have an impact on level of response to alcohol or appetitive behaviors, while others might relate to the predisposition toward anxiety disorders. Either could enhance the alcoholism risk. A similar argument can be made regarding different aspects of the GABA system. The slide demonstrates these ideas.

VII. A brief overview of some other genetically-influenced characteristics that impact on the alcoholism risk. Data from both human and animal studies relate to most of these items. Useful references for this include Menninger and Tabakoff, 1998; Wand et al, 1994; Hodge et al., 1999: Thiele et al., 1998; Ehlers et al., 1998; Gianoulakis et al., 1996. 

S15 A. Second messenger systems, including adenylyl cyclase, G proteins, and protein kinase (PKC) can be reviewed. The brief discussion will present the acute effects of alcohol on the system, the importance of genes, and the possible relationship to the alcoholism risk. Useful information on AC and G proteins is presented as Background for Slide 12. Slide 15 highlights this system.

B. Protein kinase C might also be discussed with an emphasis on PKCε. This is also referred to in Slide 12.

S16 C. The slide notes the relationship between opioid receptor activity, dopamine activity, and the effects of alcohol, and discusses the importance of genes in opioid receptor functioning and number. 

D. Neuropeptide Y is also interesting in this light. This is explained in the Background of the slide copy and regarding Slide 12.

S17 E. Other possible markers can be mentioned, depending on the time available. These include CRF, the HPA axis, and background cortical EEG results.

S18 VIII. It is important to remember that the emphasis of this lecture has been on genetic material related to the predisposition toward alcohol abuse or dependence. At the same time, important genetic influences operate regarding the vulnerability toward or away from specific sequelae of alcohol dependence among alcoholics. This slide lists the following which can then briefly be discussed. 

A. Wernicke-Korsakoff's syndrome.

B. Cirrhosis of the liver.

C. Intensity of withdrawal including convulsions.

D. Psychotic symptoms.

IX. The genetic factors have a potential impact on prevention and treatment.

S19 This slide briefly outlines how understanding more about the mechanism of risk can help people develop prevention strategies aimed specifically at an individual's vulnerability. Thus, the impact of specific environmental events on the alcoholism risk is best understood when they are observed in the context of the specific vulnerabilities.

S20 Regarding treatment, it might be more efficient to be able to test specific therapies if one can recognize potential subgroups of patients based on their initial vulnerability toward alcoholism. These issues may help explain why some treatment approaches appear promising (naltrexone is an example), but the "signal" appears to be relatively weak, perhaps because the groups being evaluated are heterogeneous with only a small subsample responding relatively intensely to the intervention. Thus, identifying subgroups of subjects carrying different risk factors could facilitate interpretation of studies like Project Match.

S21 X. A brief summary of the major points made in the lecture will be presented in a single summary slide.
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