VULNERABILITY FACTORS FOR
ALCOHOLISM
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This is an exciting and challenging time in the search for
genes that have impact on the risk for alcohol abuse and
dependence (alcoholism). Family, twin, and adoption stud-
ies offer solid evidence that genetic factors contribute to the
risk for severe and repetitive alcohol-related life problems,
and at least 30 genetically influenced characteristics are
being evaluated for their possible impact on the alcoholism
risk (1-4). Similar to other complex genetic disorders, these
risk factors are heterogeneous, and combine to explain an
estimated 60% of the variance, often interacting with envi-
ronmental forces that contribute to the remaining 40%
(1-3). Complicating the search for specific genetic influ-
ences even further is the probability that most of the charac-
teristics, or phenotypes, are themselves influenced by muldi-
ple genes, and the lack of precision of the definition of the
broad phenotype, alcohol abuse, or dependence (1,4).
This chapter reviews the progress made during the 7
years since the publication of the previous edition (5) in
the search for genes that influence the risk for alcoholism.
Most of the genetic studies have used variations in two ap-
proaches described in more detail in Chapter 99, as well as
in additional recent review articles (1,3,6). Candidate gene
studies (also called case-control, association, or forward ge-
netic investigations) begin with the hypothesis that a specific
gene is related to the characteristic under study (7). If a
limited number of multiple forms, or polymorphisms, of
the gene are known, the proportion of individuals with and
without the characteristic who have the specified polymor-
phism can be determined. Although this approach is an
important step in identifying specific genes related to a phe-
notype, it is prone to false-positive results that occur if there
are additional differences between groups with and without
the characteristic (8). This problem, called population strati-
fication, can be overcome by two variations of case-control
studies where the relationship between the genetic marker
and the characteristic, or phenotype, is evaluated among
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related individuals using a transmission disequilibrium or a
haplotype relative risk approach (3,7).

The second and usually more labor-intensive technique
is the genetic linkage study, or genome scan. This approach
requires determining the presence of the phenotype and
gathering blood for genotyping from either multiple genera-
tions of a large number of families or a large number of
sibling pairs. The relationship between the phenotype and
genetic signposts, or markers, across the 23 chromosomes
is then evaluated. Unfortunately, genome scans are likely
to identify only relatively powerful genes that explain a sub-
stantial proportion of the risk, and the data are best analyzed
only when the mode of inheritance (e.g., dominant or reces-
sive) is known. The potential linkage of a particular charac-
teristic to a specific signpost helps identify areas of chromo-
somes of interest, after which more focused candidate gene
analyses can be used to test individual genes near that
marker.

This chapter describes some of the more promising re-
sults of the application of such approaches to alcohol use
disorders, and briefly synthesizes the wide range of pheno-
typic and genotypic markers into a framework focusing on
the several possible themes of potentially related characteris-
tics described in Table 98.1. Reflecting space limitations,
emphasis is placed on genetic factors relating to alcoholism,
rather than to drugs in general; most studies focus on human
rather than animal work; and review articles are often high-
lighted rather than a series of primary data sources.

TABLE 98.1. POSSIBLE BROAD
FAMILIES OF RISK FACTORS

Level of response (LR)
P3/disinhibition/ASPD/type 2/B
Independent axis | disorders
Opioids

Alcohol metabolizing enzymes

ASPD, antisocial personality disorder.
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SOME SPECIFIC PHENOTYPIC AND
GENETIC MARKERS OF INTEREST

Alcohol has impact on many neurochemical systems,
whereas the use and consequences associated with this drug
relate to many additional factors including personality traits,
reinforcement, craving, and withdrawal symptoms (9,10).
This panoply of phenomena has produced a wide range of
hypotheses regarding how different phenotypes and candi-
date genes might contribute to the acquisition of drinking
behaviors and the development of associated problems.
Thus, judgment was needed to decide which potential phe-
notypic or genetic markers to highlight, and the reader is
encouraged to turn to additional reviews (1,6,11-13). The
information offered below is, somewhat arbitrarily, divided
into results relevant to more broadly based phenotypes and
those related to specific enzymes or genes.

Some Potentially Interesting Broad
Phenotypes

A Low Level of Response (LR) to Alcohol

This characteristic, first proposed in 1975, reflects the need
for higher doses of alcohol to produce an effect (1,10,14).
The low LR to alcohol might enhance the probability of
heavy drinking, encourage the formation of peer groups
with similar drinking habits, and facilitate the acquisition
of tolerance. LR is classically measured as the level of change
in subjective feelings of intoxication, motor performance,
hormone levels, and/or electrophysiologic measures ob-
served at specific blood alcohol concentrations, but can also
be evaluated by a self-report of the number of drinks re-
quired for specific effects (10,15,16). Low LRs are seen in
about 40% of the estimated 700 children of alcoholics eval-
uated in the majority of the studies, and has been reported
to characterize Native Americans, while high LRs and lower
alcoholism risks have been noted for Jews and some Asian
groups (17-25).

A longitudinal study of 453 20-year-old sons of alcohol-
ics and controls showed that a low LR was a significant
predictor of later alcohol abuse or dependence, explaining
a significant proportion of the relationship between family
history and alcoholism and alcoholic outcome in that sam-
ple (14,15). A 10-year follow-up of 64 sons of alcoholics
and controls in Denmark found a significant relationship
between less alcohol-induced physiologic changes and a
high risk for alcohol abuse or dependence (26), whereas a
4-year follow-up of about 100 men and women found a
relationship between a lower intensity of alcohol-induced
incoordination and future alcohol problems for the men
(27). Finally, a 10-year follow-up of almost 400 members
of Australian twin pairs confirmed the relationship of the
intensity of response to the alcoholic outcome for men (28).

The LR to alcohol is genetically influenced (29-33).

Studies in animals have identified quantitative trait loci
(QTLs) associated with LR, and lower reactions to alcohol
are often associated with higher alcohol intake (29,30). In
humans, the LR is more similar in identical than fraternal
twin pairs, and among first-degree relatives compared to
unrelated individuals (28,32,33).

A candidate gene study reported additive relationships
to LR for alleles for the y-aminobutyric acid receptor Aa6
(GABAAqe) and the serotonin transporter gene, whereas a
separate sample revealed areas of potential linkages on chro-
mosomes 1 and 21 (32,33). Additional candidate genes po-
tentially tied to LRs include neuropeptide Y (NPY), neuro-
tensin, adenylyl cyclase (AC) systems, protein kinase,
aspects of serotonin (5-HT), and the hypothalamic-pitui-
tary-adrenal (HPA) axis. However, a low LR appears to
operate relatively independently of the event-related poten-
tial (ERP) and personality variables discussed in below, and
is generally independent of alcohol metabolizing enzymes,
but might crossover with some EEG characteristics (see

below) (19,24,34).

Low Voltage or Low Alpha and EEGs

An overall low-voltage EEG pattern and a relative paucity
of synchronized EEG waveforms appear to characterize a
variety of conditions including anxiety and depression (6,
34,35). The importance of the EEG results reflects reports
that alcohol increases alpha power, and that alcoholics
might show lower amounts of alpha, higher beta activity,
and/or lower voltage on the EEG overall (24,36). Such EEG
patterns might have impact on the risk for alcoholism via
several different mechanisms, including higher levels of anx-
iety.

Some children of alcoholics exhibit lower amounts of
slower alpha and/or higher levels of faster alpha or beta
EEG activity, and alcohol increases the proportion of slower
alpha, whereas other offspring demonstrate lower overall
EEG voltage (6,24,34-37). Finally, children of alcoholics
demonstrate less intense, or shorter lasting EEG changes
with alcohol, and there is a significant correlation between
a low LR and EEG findings in the same subjects (24,34).

Evidence supporting genetic influences in EEG patterns
includes greater similarities in identical versus fraternal
twins, and a report of mendelian inheritance for slow alpha
(38,39). Some relevant EEG characteristics might relate to
genes on chromosome 20, although not all reports agree

(40).

Impulsivity, the Antisocial Personality Disorder
(ASPD), Types 2 and B Alcoholism

Conduct disorder (CD) in childhood and subsequent ASPD
represent persisting patterns of impulsivity and difficulty
benefiting from punishment, often associated with aggres-
sive and criminal behavior. These disorders are potentially



related to personality characteristics of novelty- or sensation
seeking, extroversion, neuroticism, and the absence of harm
avoidance, attributes that might increase the risk for alcohol
abuse or dependence (41). Related concepts that overlap
with ASPD include type 2 and type B subgroups of alcohol-
ics whose early onset and more severe course is often associ-
ated with criminality and dependence on other drugs (42,
43).

Almost two-thirds of people with ASPD are alcoholics,
although only about 20% of alcoholic men fulfill criteria for
this disorder (41-43). There is impressive familial crossover
between CD/ASPD and alcoholism, and offspring of ASPD
parents are likely to have a more severe alcoholic course (44,
45). Genetic factors are important in personality traits and
some personality disorders, and ASPD and alcohol depen-
dence are often inherited together (44—47).

ASPD (or CD) and substance use disorders might share
the characteristic of neuronal disinhibition (41,48). The
high levels of impulsivity and sensation secking in CD and
ASPD might, in turn, relate to aspects of 5-HT functioning,
and/or to subtypes of GABA receptors (49,50). ASPD, or
neuronal disinhibition, also appear to correlate with the
ERP characteristic described in the next section (41), but
neither ASPD nor the relevant ERP values correlate with a
low LR to alcohol (19,51).

The P300 (P3) Wave of the ERP

The P300, or P3, is a positive polarity brain wave in the
ERP paradigm observed approximately 300 msec after the
presentation of an infrequent but anticipated stimulus (41,
48). Diminished amplitudes or shorter latencies of this wave
reflect problems in attending and interpreting subtle envi-
ronmental events (48,52,53). Low P3 amplitudes are seen in
schizophrenia, major depressive disorder, attention-deficit/
hyperactivity disorder (ADHD), and Alzheimer’s disease (6,
52,53).

Adult alcoholics demonstrate small P3 waves even after
extended periods of abstinence, although this might dimin-
ish with time (6,48,52). Although most investigators con-
sider this a robust marker for adult alcoholism, a low ampli-
tude P3 might more closely reflect states of temporary
depression, a developmental delay, or aspects of CD or
ASPD (41,52,53).

A relatively low amplitude P3 is seen in 20% to 35% of
the offspring of alcoholics (6,48). A 4-year follow-up of 13
sons of alcoholics, 11 sons of nonalcoholics with family
histories of alcoholism, and 12 family-history—negative con-
trols revealed a relationship between a low P3 amplitude
and delinquent behavior as well as subsequent substance
use, although alcohol abuse and dependence were not di-
rectly tested (54). Another 8-year follow-up of 11 children
of alcoholics and nine controls revealed lower P3 amplitudes
for those four subjects who went on to develop an alcohol
use disorder (55). Although neither of these investigations
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controlled for the potential impact of CD and ASPD, the
results are consistent with the relationship between P3 am-
plitude and the alcoholism risk.

As is true of many electrophysiologic measures, P3 ampli-
tudes are genetically influenced (56,57). Data supporting
these conclusions come from twin investigations, family
studies, and a genetic linkage study that highlighted findings
on chromosomes 2, 5, 6, and/or 13.

There are several interesting potential crossovers between
P3 amplitude and other phenotypic or genetic markers of
the alcoholism risk (19,52,53). Some investigators believe
that most of the variance explained by P3 relates to CD
or ASPD, or that finding might reflect activities of several
dopamine (DA) receptors, which, in turn, might be related
to impulsiveness or CD (41,52,53,58). At the same time,
groups demonstrating low LRs to alcohol do not appear to
have smaller P3 waves (19,51).

Independent Major Psychiatric Disorders

Alcoholics have an elevated risk for several major psychiatric
disorders (59). For some people the psychiatric symptoms
are likely to be temporary manifestations of intoxication
and withdrawal, and for others alcohol problems might de-
velop in the context of poor judgment and loss of control
during major psychiatric syndromes (60,61). With schizo-
phrenia, bipolar manic depressive disease, and ADHD, poor
judgment, feelings of alienation, and high impulsivity might
increase the chance of repeated heavy drinking (62-64).

The anxiety disorders are a series of syndromes with dif-
ferent clinical symptoms (in addition to anxiety), divergent
treatments, and potentially different etiologies (65,66).
Even after controlling for the potential impact of temporary
substance-induced disorders, at least two anxiety syn-
dromes—panic disorder and social phobia—appear to be
tied to alcohol dependence, whereas some others, including
obsessive-compulsive disorder, are not (65).

Each of the independent major psychiatric disorders
listed above is likely to be genetically influenced (66). Most
have abnormalities related to the HPA axis and to neuro-
chemical systems including DA (especially relevant to schiz-
ophrenia), 5-HT (most closely tied to schizophrenia, anxi-
ety, and mood disorders), norepinephrine (NE) and GABA
(each tied to panic and mood disorders), and NPY (in anxi-
ety) (66). Thus, as discussed below, genes related to the
relevant psychiatric disorders might indirectly increase the
risks for alcoholism through the clinical manifestations of
the syndrome. However, these disorders might act indepen-

dently of LR (14).

The Hypothalamic-Pituitary-Adrenal (HPA) Axis

Cortisol, adrenocorticotropin hormone (ACTH), cortico-
tropin-releasing factor (CRF), prolactin, and related hor-
mones are important in physiologic well-being, mood, anxi-
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ety, aggression, and reactions to stress, including alcohol
withdrawal (66-70). Aspects of HPA functioning might
relate to an alcoholic predisposition in any of several ways.
These include a possible contribution to a low LR, reflec-
tions of the actions of neurotransmitters such as 5-HT or
DA in the course of some psychiatric disorders, and via the
opioid system.

Some alcohol-dependent men and women have high cor-
tisol, and children of alcoholics have a differential hormonal
response to alcohol, opioid antagonists, and other challenges
when compared to controls with some persisting after absti-
nence (67,68). Although there is some evidence that re-
covering alcoholics and children of alcoholics show lower
levels of HPA response to alcohol, these same groups might
show higher levels of response to naltrexone, an opioid an-
tagonist (67-69).

The functioning of the HPA axis is at least partially under
genetic control (70). Thus, activity of this system might
contribute to the alcoholism risk, perhaps indirectly through
several channels described in other sections.

Other Potentially Interesting Broad Phenotypes

Additional phenomena, including other personality disor-
ders (e.g., borderline personality disorder), additional clini-
cal characteristics (e.g., deficiencies in neuropsychological
functioning), and other psychiatric syndromes [e.g., post-
traumatic stress disorder (PTSD) or generalized anxiety dis-
order] have also been hypothesized to be related to the alco-
holism risk (6,11,71).

Thus, reflecting space constraints, this discussion is not
exhaustive and the reader should consider additional review

papers.

Specific Proteins and Candidate Genes
Potentially Related to the Alcoholism
Risk

This subsection highlights some specific genes, enzymes,
and other proteins that might relate to an alcoholism vulner-
ability. The distinction between broad potential phenotypic
markers of alcoholism (discussed above) and the more spe-
cific markers noted here is somewhat arbitrary, but might
be heuristically useful.

Adenylyl Cyclase (AC) and G Proteins

These proteins include three membrane-bound components
of receptors, G (or guanine nucleotide binding) proteins,
and the AC enzyme that are part of a complex second mes-
senger system that translates the impact of alcohol, neuro-
transmitters, and other substances on the cell membrane or
receptors into changes within the cell (72,73). The G pro-
teins facilitate the coupling of at least nine different isoforms

of AC to cell membrane-bound receptors, which in turn
affects production of 3”,5"-cyclic adenosine-monophosphate
(cAMP), with the latter often used as a measure of the sys-
tem’s activity. This complex is affected by several neuro-
transmitters, and has impact on a variety of actions within
the cell, including gene expression, and might impact on
a variety of psychiatric disorders, including depression. G
proteins come in several forms that either stimulate (G,) or
inhibit (Gy) the process.

Although results can differ when platelets or lymphocytes
from patients or cells 7z vitro are used, alcohol appears to
stimulate G,. Recently detoxified alcoholics and their nonal-
coholic relatives might have lower cAMP production fol-
lowing chemical stimulation of platelets or white blood cells,
results that have been hypothesized to be related to a re-
duced G, binding (72,74). However, AC activity is also
affected by drinking and by withdrawal, and differences
from controls can change depending on periods of absti-
nence or following the production of multiple generations
of lymphocytes in cell culture (73,75). In the final analysis,
differences between alcoholics and controls are probably
both state and trait phenomena.

Regarding the latter, activity of the system appears to be
genetically influenced, and it is possible the divergence in
AC functioning is especially prominent in alcoholics with
family histories of this disorder (75). The production of
cAMP in chemically stimulated cells has also been investi-
gated in children of alcoholics who might share lower levels
of G,-protein—stimulated cAMP production, especially if
they have multiple alcoholic relatives (72,76).

One theory attempting to integrate these findings is that
an avenue of alcoholism risk might be a low innate activity
of the G system, with acute alcohol causing a temporary
stimulation, after which abstinence from alcohol produces
the opposite effect, which might lead to more alcohol intake
in an attempt to compensate (77). The underlying differ-
ence has been hypothesized to involve a reduction of gene
expression of the o subunit of the G, protein (72). The
process might have an impact on the development of toler-
ance, and, perhaps, the need for higher levels of alcohol to
have an effect. Another mechanism is suggested by findings
regarding the role of alcohol in decreasing neuronal excita-
bility through enhancing G-protein—coupled inwardly rec-
tifying potassium channels (GIRKSs) (78). Perhaps these re-
sults might also tie into the actions of protein kinase and
the effects of other markers such as NPY, as well as through
additional neurochemical systems such as 5-HT (79,80).

Protein Kinase C (PKC)

These proteins encompass at least three families of enzymes
that, similar to AC, have important functions in translating
the effects of neurotransmitters on receptors into the cell.
These calcium-activated, phospholipid-dependent proteins
are widely distributed in the body, and function by phos-



phorylating target proteins, including G proteins, and thus,
mediating changes in intracellular signaling (81,82).

The direction of the impact of alcohol on PKC activity
can be different with acute versus chronic administration,
but in general ethanol affects the movement of this protein
from the area around the nucleus to the cytoplasm (83). The
changes in PKC subsequently have impact on the actions
of several neurotransmitter receptors, including 5-HT and
GABA,, and thus, are likely to affect alcohol intoxication
and tolerance.

Alcohol-dependent individuals may have higher amounts
of PKC-¢€, a form that might inhibit the actions of GABA,
receptors, possibly tying PKC-€ to a low LR to alcohol (82).
Although no data are yet available in children of alcoholics,
mice genetically engineered for an absence of PKC-€ have
both a high sensitivity to alcohol and lower self-administra-
tion of this drug (82). Such animals also show a decreased
reaction to pain, perhaps reflecting changes in opioid activ-
ity (84). There is additional evidence that PKC-€ knockout
mice have a lower intensity of reaction to alcohol, and less
ability to develop tolerance to at least some effects of the
drug (81).

Neuropeptide Y (NPY)

NPY is a widely distributed neurotransmitter that affects
multiple receptor subtypes including Y1 (in the amygdala
where NPY decreases feelings of anxiety), and Y5 (in the
hypothalamus where NPY might increase appetitive behav-
iors) (79,85). NPY appears to act through G proteins, pro-
ducing an inhibition of AC production, and this transmitter
can facilitate the release of DA in the nucleus accumbens
(86). It has been hypothesized to play a role in eating disor-
ders, depression, anxiety, and the actions of opioids (87).

Acute alcohol intake has impact on NPY release, which
in turn affects the release of DA, possibly contributing to
some rewarding effects of alcohol or adding to some psychi-
atric symptoms (85,86,88). Chronic alcohol intake and
withdrawal are associated with increased NPY in the hypo-
thalamus, and increased responsiveness of CRF to NPY
(85).

Alcohol-preferring rats have a QTL on chromosome 4
[logarithm of odds (LOD) = 8.6], which explains about a
third of the enhanced alcohol intake, and which is located
in an area where NPY has been mapped (89). In addition,
rats bred to consume high levels of alcohol have increased
NPY activity in the amygdala (perhaps reflecting levels of
anxiety), along with decreased NPY in the frontal cortex
and hippocampus (perhaps reflecting a lower level of satiety)
(85,88). Mice genetically engineered for an absence of NPY
drink more alcohol and have a lower intensity of response
compared to wild-type mice, whereas transgenetic mice with
increased NPY have less alcohol consumption and higher
responses to alcohol (79,90). Studies have not yet been car-
ried out in alcoholics or their offspring.
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Opioid-Like Substances, Including B-Endorphin

The opioids are endogenous proteins, including endorphins
and enkephalins, as well as most of the prescription pain
medications, methadone, heroin, codeine, and morphine,
each of which bind to opioid receptors. Their actions dimin-
ish pain, decrease respirations, cause euphoria, and produce
a decreased motility in the gut. There are a variety of opioid
receptor subtypes including w, k, and 8, with . most closely
tied to analgesic and reinforcing effects (91). Opioids have
impact on DA, 5-HT, and NPY activity, and relate to some
psychiatric disorders, such as depression (92).

Acute alcohol intake results in the release of endogenous
opioids, and stimulates relevant receptors (6,93). Aspects
of tolerance and withdrawal from alcohol might relate to
changes in functioning of the W receptors, and alcohol-pre-
ferring animals have an increase in these receptors in the
ventral tegmentum, along with a greater increase in 3-en-
dorphin following alcohol (94-96). An exaggerated HPA
response to naltrexone (an opioid antagonist) has been re-
ported in alcoholics and their relatives, perhaps reflecting
less baseline opioid functioning (97). Decreased B-endor-
phin has been noted in the cerebrospinal fluid (CSF) of
abstinent alcoholics, and their relatives demonstrate more
release of B-endorphin following alcohol (94,96). Opioid
antagonists, such as naltrexone and nalmephene, can de-
crease the self-administration of alcohol in animals and hu-
mans, perhaps by blunting the stimulatory effect of alcohol,
enhancing the sedative effects of this drug, and/or through
decreased levels of reinforcement from alcohol (93,97,98).
A p opioid receptor gene might be located near a QTL
for alcohol preference in mice (99), and there is a possible
association between alcoholism and some of the six more
known alleles of the . opioid receptor (OPRM1), although
not all studies agree (6,94,100).

The Serotonin (5-HT) Systems

The actions of this neurotransmitter, which are mediated
through the 5-HT transporter (5-HTT) and more than 14
different receptors, affect HPA functioning, anxiety, impul-
sivity, eating behaviors, depression, and other conditions
(6). Numerous drugs of abuse have impact on 5-HT sys-
tems, including alcohol, and 5-HT, in turn, also interacts
with other neurotransmitters, especially DA (6). The follow-
ing data suggest that different genes affecting 5-HT levels
could increase the alcoholism risk through several different
mechanisms.

5-HT agonists can simulate signs of intoxication, and,
perhaps, feelings of craving (101). Alcoholics, especially
those with aggressiveness or an early onset of their substance
use disorder, may have lower levels of platelet and brain 5-
HT, diminished responses to 5-HT boosting drugs, and
lower levels of 5-HT metabolites in the CSF (6,102). Treat-
ment with drugs that boost 5-HT in the synapse [e.g., selec-



1404  Neuropsychopharmacology: The Fifth Generation of Progress

tive serotonin reuptake inhibitors (SSRIs)], produces a mod-
est decrease in voluntary alcohol intake in animals and
humans (6).

Alcohol preference in animals is associated with a QTL
near the genes encoding for the 5-HTT (103). The s-allele
may relate to nervousness, harm avoidance, and other forms
of anxiety that might tie in to axis I anxiety disorders and
more severe alcohol withdrawal, although not all authors
agree (49,104). The l-allele, which might produce a protein
that more rapidly takes up 5-HT from the synapse, has been
tied to a low LR to alcohol and an enhanced alcoholism
risk (32). Another gene that controls the production of the
rate limiting enzyme in the synthesis of 5-HT, #ryptophan
hydroxylase, might also relate to lower 5-HT levels and more
impulsiveness, suicidality, as well as a predisposition toward
alcoholism (105).

Genes for some 5-HT receptors might be associated with
higher alcohol intake either directly or through ASPD, de-
pressive disorders, schizophrenia, or anxiety disorders. Find-
ings include a high receptor density for 5-HT' 4 or a decrease
in 5-HTp activity in alcohol-preferring rats, with 5-HT g
knockout mice demonstrating higher levels of alcohol intake
(106,107). Turning to a second family of receptors, there
is evidence of a decrease in 5-HT,¢ receptor sensitivity in
alcoholics, along with a potential increase in the density of
these proteins in the hippocampus in alcohol-preferring rats
(108). A third family has also been implicated through the
actions of the 5-HTj receptor, which promotes the release
of dopamine in the nucleus accumbens in the context of
alcohol (6,109).

Children of alcoholics might have more rapid uptake of
5-HT in platelets, perhaps indicating a lower level of 5-
HT in the synapse that might relate to LR (110). This is
consistent with lower LR to alcohol in the offspring who
have the l-allele of the 5-HTT (32). Finally, a drug that
antagonizes activity of the 5-HTjreceptor, ondansetron,
both decreases subjective feelings of intoxication with alco-
hol and decreases alcohol intake in alcoholics and their rela-
tives (109).

The Potential Importance of Dopamine (DA)

This neurotransmitter has broad effects in the brain, includ-
ing in the mesolimbic system where it functions as a media-
tor of reward or pleasure (6,111). DA impacts on the risk for
heavy drinking and alcoholism through potentially diverse
mechanisms including the reinforcing effects of the drug,
personality characteristics, and via several psychiatric disor-
ders.

Ethanol causes the release of DA in the mesolimbic sys-
tem, affects DA neurons in the ventral tegmentum, and the
reinforcement from alcohol decreases when DA antagonists
are given (6,111,112). There might be a general decrease
in overall DA functioning among more violent alcoholics,
as evidenced by lower levels of DA metabolites in the CSF,

and DA activity might also relate to personality characteris-
tics such as novelty seeking and to ASPD (113,114).

These findings have led to a search for specific DA mark-
ers possibly tied to a vulnerability toward alcoholism. A
decrease in the D2 receptor density has been reported in
the brain of alcohol-preferring rodents and some alcoholics,
as has a blunted hormonal response to D2 agonists, at least
soon after withdrawal (115,116). Lower levels of DA in the
synapse might result from a higher density of DA uptake
as seen in alcohol-preferring primates, although possibly re-
flecting withdrawal, the opposite was reported in the stria-
tum in a small sample of nonviolent alcoholics (116,117).

Although it is not clear whether they are functional, sev-
eral alleles of the TaqlA marker for the D2 DA receptor
(DRD2) have been reported to be linked to alcoholism,
especially severe early-onset problems, and thus possibly to
ASPD (6,118). However, results relating to this candidate
have not been replicated in genome scans, and there are as
many nonconfirmatory studies as there are positive ones (6,
119). Additional interest has been expressed regarding the
D4 receptor and several alleles of the DA transporter, but
with conflicting results (120,121).

GABA, Norepinephrine (NE), and Monoamine
Oxidase (MAO)

This subsection briefly reviews several markers that might
relate to the alcoholism risk. GABA, a ubiquitous inhibitory
neurotransmitter, has an important role in several condi-
tions possibly related to the alcoholism risk including anxi-
ety, mood disorders, schizophrenia, and aggressive behaviors
(32,66). There are multiple GABA receptors, with special
interest for alcohol intoxication or withdrawal for the esti-
mated 13 or more subunits for the GABA, receptor com-
plex (6,32,122). Alcohol-dependent men and women have
a decreased density of GABA, receptors, and might show
decreased responses to lorazepam in frontal brain regions
and in the basal ganglia, while demonstrating abnormal re-
sponses to a benzodiazepine antagonist flumazenil (123,
124). A diminished response to brain depressants might
occur with a common mutation of the GABA 4 receptor,
which might also reflect a low LR to alcohol (32,122). In
addition, a possible predisposition toward alcohol depen-
dence might link to an area of chromosome 4 near genes
noted to have an impact on GABA functioning (32,125).

Monoamines, including 5-HT, NE, and DA, are metab-
olized in part by MAO. Alcoholics, especially those with
concomitant ASPD, might demonstrate low MAO activi-
ties, perhaps reflecting alternate forms of genes, although
this finding might be an artifact of recent smoking (126).

Finally, alcoholics, especially those with multiple alco-
holic relatives, might have a blunted hormonal response to
drugs that have impact on NE, especially during withdrawal
and early abstinence (127). Thus, NE might also increase
the alcoholism risk through vulnerability for panic and other
anxiety disorders.



Alcohol-Metabolizing Enzymes

The best-documented genetic factors related to alcoholism
involve genes controlling the two prominent alcohol-metab-
olizing enzymes, alcohol dehydrogenase (ADH) and alde-
hyde dehydrogenase (ALDH). As discussed in Chapter 99,
Asian men and women who lack the low k,,, mitochondrial
ALDH (i.e., have the homozygous ALDH2-2, 2-2 geno-
type) and who, thus, produce very high levels of the first
breakdown product of alcohol (acetaldehyde), have almost
no risk for alcohol dependence (11,12,128). Heterozygotes
with the ALDH2-1, 2-2 genotype produce higher acetalde-
hyde levels than Asians with ALDH2-1, 2-1, and have an
enhanced level of response to alcohol and lower risk for
alcoholism. For ADH, individuals carrying the genotypes
that are associated with more rapid metabolism of alcohol
(e.g., those with ADH2-2, 2-3, or 3-1 alleles) more rapidly
produce acetaldehyde and have a diminished alcoholism
risk, especially if these genotypes are associated with the
relevant ALDH markers described above (129,130). The
ADH enzyme forms appear to exert less influence on the
alcoholism risk, but are applicable to a broader range of
ethnic and racial groups.

Thus, ADH and ALDH enzyme patterns have several
potential mechanisms associated with an altered risk for al-
cohol dependence. These include an aversive reaction to
alcohol related to very high levels of acetaldehyde in
ALDH2-2 homozygotes, whereas individuals who are het-
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erozygotes for ALDH2-2 and those with more rapid metab-
olism of alcohol through ADH forms might decrease their
risk through an increased intensity of reaction to alcohol,
not necessarily an overall more aversive response (25).

AN ATTEMPT TO SYNTHESIZE THESE DATA
Background

This chapter has briefly reviewed many genetically influ-
enced characteristics that may be relevant to the alcoholism
risk. However, it is unlikely that there are 30 or so indepen-
dent genetically influenced trait markers for alcoholism, and
thus the findings are likely to represent a more limited num-
ber of overarching phenomena, or families of risk factors.

As in the selection of markers of interest, the identifica-
tion of possible families of findings, or domains, requires
subjective judgment. Initially, I was tempted to highlight a
separate domain for 5-HT and another for DA markers,
and I recognize that it is possible that the functioning of
the HPA axis might be a core mediator of risk by itself.
However, I believe that most of these markers might func-
tion as correlates of several different mechanisms through
which broader domains of influence operate. Therefore, I
propose that the majority of the genetically related markers
of the alcoholism risk might fall into about five relatively
independent overarching categories (Table 98.1). The spe-
cific markers are summarized in Table 98.2.

TABLE 98.2. POSSIBLE FAMILIES OF RISK FACTORS

LR Disinhibition

Axis Il Opioids ALDH/ADH

Broad markers
EEG alpha
Voltage
HPA
5-HT levels
DA levels
Neuropsychiatric

Genes/proteins
AC
G protein
PKC
NPY
5-HT1amBr2¢
5-HT3
5-HTT
TOH
DRD2
D4
DAT
GABAA X

X X X
~ xX X X

X X VX X X X

X X X X X X

X X X X X X
X X X

X X

X

AC, adenylyl cyclase; ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; DA, dopamine;
DAT, dopamine transporter; DRD2, dopamine receptor D2; GABA, y-aminobutyric acid; HPA,
hypothalemic-pituitary-adrenal axis; 5-HT, serotonin; LR, level of response; NPY, neuropeptide Y;

PKC, protein kinase C.
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A Domain Related to a Low LR to Alcohol

A low LR is a useful place to begin to demonstrate how
some of the literature might be synthesized. Although the
central aspect of this family of findings might be altered 5-
HT or HPA axis functioning, it is equally plausible that a
low LR to alcohol is the characteristic that pulls together
the other findings.

Theoretically, a low LR to alcohol might reflect the final
phenotypic path through which many different markers op-
erate. Dampened responses to alcohol in children of alcohol-
ics have been observed for several hormones, electrophysio-
logic measures, subjective feelings of intoxication, and
motor performance. This array of findings might reflect
altered second messenger and intracellular signaling actions
that are less sensitive to alcohol-induced neurochemical
changes, including genes that affect G proteins, AC, and
PKC. Other mechanisms that might independently affect
the LR to alcohol might include genes that have impact on
NPY, GABA, 5-HT, and DA. The subsequent diminished
effect of alcohol on neurons might also function to produce
less change in the EEG and HPA axis responses, thereby
helping to mediate the reaction to alcohol overall (24,67).

Other components of some of these same systems, in-
cluding DA, 5-HT, DA, and HPA functioning, are also
likely to function through additional mechanisms as media-
tors of several other domains of risk factors. For example,
alternative aspects of these systems might have impact on
disinhibition, independent psychiatric disorders, and opioid
system functioning. As discussed further below, most of
those additional attributes are likely to be distinct from
those that relate to a low LR. It is hoped that the identifica-
tion of specific genes linked to LR will help pinpoint which
of these neurochemical systems contribute most to this do-
main.

A Domain Encompassing Disinhibition, a
Low P3 Amplitude, ASPD, and Early-
Onset and More Severe Subtypes of
Alcoholism

A low P3 amplitude of the ERP and aspects of CD and/or
ASPD characterize a substantial minority of young children
of alcoholics; aspects of this domain are genetically influ-
enced, and these phenomena relate to the future alcoholism
risk. Although low LR appears to be relatively specific for
the alcoholism risk (19,24), the disinhibition domain might
enhance the risk for all substance use disorders (41,48,52).
Theoretically, these markers might be associated with poor
judgment and impulsive behavior, which both increase the
risk for ingesting substances and for problems learning how
to control their use.

This potential domain appears to operate independently
of a low LR and alcohol-metabolizing enzymes, and there
are few darta that would link these phenomena to the opioids

and major axis I psychiatric disorders (14,53). It is possible
that one childhood psychiatric disorder, ADHD, might also
fit into the disinhibition domain, and other investigators
might believe that some anxiety disorders might fit here as
well.

A number of neurochemical markers described above
might fit together under a general heading of disinhibition.
These include several DA-related genes (e.g., DRD2, and
DRD4 receptors), the DA transporter, and aspects of the
DA function tied to sensation secking, novelty seeking, as
well as early-onset and severe alcoholism (6,58). Aspects of
5-HT might also be relevant, with the major finding here
(as opposed to the LR domain where only the 5-HTT might
contribute) being low 5-HT functioning overall, and genes
having impact on tryptophan hydroxylase (6,102). Several
additional findings that are discussed in more detail in other
publications might also apply to this domain, including cog-
nitive difficulties with executive cognitive functioning,
which might cross over with CD, ASPD, and the substance

use disorders.

Independent Axis | Major Psychiatric
Disorders as a Potential Domain of Risk

The central hypothesis for this domain is that genes that
contribute to the development of some psychiatric disorders
might indirectly increase the risk for heavy drinking and
alcohol-related problems. The axis I disorders most closely
tied to an elevated alcoholism risk are schizophrenia and
bipolar manic depressive disorder as described above (60,
61,64). An enhanced alcoholism risk might also be associ-
ated with panic disorder and social phobia, and possibly
PTSD or generalized anxiety disorder. Each relevant condi-
tion is itself a complex genetic disorder, with separate, but
perhaps overlapping, sets of genes. Furthermore, it is possi-
ble that different environmental events add to or detract
from the risk for each of these conditions.

For this discussion, it is not essential to determine if the
individual with schizophrenia, for example, is drinking to
decrease the symptoms of their underlying and independent
disorder (although this contention is not well supported)
(63,131), or if the problems were a result of the combination
of poor judgment, a large amount of free time, and living
in a heavy drinking environment. In either case, the search
for genetic factors in alcoholism might be more efficient if
the potential impact of genes related to these independent
disorders is considered. Once genetic markers for an addi-
tional characteristic (such as LR) have been found, they
can be tested in these more complex subjects to determine
whether it adds further to the risk.

The core characteristics of this domain might only indi-
rectly relate to independent psychiatric disorders. It is possi-
ble that the predispositions toward both alcoholism and a



psychiatric disorder might operate through the same genes
that have impact on the 5-HT, DA, or the HPA systems.
Or the relationships could reflect transmission disequilib-
rium for the genes having impact on the alcoholism risk
and those related to some of the psychiatric disorders. The
answer to these questions might be more easily addressed
once specific genes linked to the alcoholism risk and those
linked to the relevant independent psychiatric disorders
have been identified.

A Possible Domain Related to the Opioid
System

A low level of activity of endogenous opioids could alter
the intensity of reinforcement from alcohol (93,94). The
markers reported above, as well as characteristics potentially
related to the opioid systems, might form a domain that
appears to be relatively independent of other risk factors.
The decision to place opioids in a separate family of findings
rests with evidence of high levels of alcohol dependence
among opioid-dependent individuals, the closer than ex-
pected relationship between alcohol and opioid consump-
tion in animals, and my subjective judgment that opioid
systems are likely to function primarily as a characteristic
subsumed under a separate global domain.

There is crossover between this hypothesized domain and
the functioning of the HPA axis, and 5-HT, DA systems.
Thus, it is possible this is not a separate domain of influence,
but the possibility of a relatively unique impact is worth
considering.

The Importance of Alcohol-Metabolizing
Enzymes

Both the genetic control and the impact on drinking behav-
iors for alcohol-metabolizing enzymes have been well estab-
lished (18,128). The risk for alcohol dependence among
individuals with the ALDH2-2, 2-2 genotype is close to
zero. ALDH2-2, 2-1 heterozygotes have significantly lower
levels of risk as, apparently, do some people who have the
more efficient ADH2-2, 2-3, and 3-1 alleles. The mecha-
nisms through which the relevant genes are likely to operate
include an aversive effect of alcohol at high acetaldehyde
levels (as seen with ALDH2-2 homozygotes), and possibly
through an enhanced LR to alcohol (for ALDH2-2, 2-1
heterozygotes and the relevant ADH alleles).

Despite some crossover with LR for ALDH heterozy-
gotes, it is likely that the alleles controlling these alcohol-
metabolizing enzymes operate as a relatively separate
domain of risk. Few, if any, data tie these alleles to disinhibi-
tion or axis II major psychiatric disorders, and a strong link
to opioid systems seems unlikely. However, it is possible
that some of the impact of acetaldehyde might operate
through elevations in HPA hormones, and the accompany-
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ing neurochemical changes might have impact on second
messenger or other intracellular signaling systems.

CONCLUDING REMARKS

During the 7 years since publication of the previous edition,
there have been exciting developments regarding the study
of complex genetically influenced disorders. Progress in the
studies of the genetic factors in alcohol dependence has been
important because this is one of the most prevalent major
psychiatric conditions, and is associated with substantial
morbidity and mortality.

Some readers will be most interested in the citations from
publications over the prior decade regarding the broad phe-
notypic or more focused genotypic markers described here.
It is also hoped that some will also benefit from considering
the hypothesis that many of these markers of risk can be
grouped together into overarching phenomena including a
low LR disinhibition, independent axis II psychiatric disor-
ders, the opioid system, or alcohol-metabolizing enzymes.

The idea of searching for central themes among the
markers is potentially more important than whether any of
the hypothesized domains survive the test of time. It is possi-
ble that several of the families of findings discussed here
would have been better subsumed under changes in the
HPA axis, that findings related to specific neurochemical
systems might each represent separate domains of influence,
and that some of the hypothesized domains might be epi-
phenomena operating under the umbrella of genes that af-
fect the levels of functioning in specific neurochemical sys-
tems. However, as is true of all fields of science, it is
important to outline possible examples of a generic ap-
proach, in the hope of stimulating additional research to
determine the most appropriate domains of influence.

ACKNOWLEDGMENTS

This research was supported by the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) grants 05526 and
08403, the Veterans Affairs Research Service, and funds
provided by the State of California for medical research
on alcohol and substance abuse through the University of
California, San Francisco.

REFERENCES

1. Schuckit MA. New findings in the genetics of alcoholism. JAMA
1999;281:1875-1876.

2. Kendler KS, Walters EE, Neale MC, et al. The structure of the
genetic and environmental risk factors for six major psychiatric
disorders in women: phobia, generalized anxiety disorder, panic
disorder, bulimia, major depression, and alcoholism. Arch Gen

Psychiatry 1995;52:374-383.



1408  Neuropsychopharmacology: The Fifth Generation of Progress

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Hyman SE. Introduction to the complex genetics of mental

disorders. Biol Psychiatry 1999;45:518-521.

. McGue M. The behavioral genetics of alcoholism. Curr Direc-

tions Psychol Sci 1999;8:109—115.

. Bloom GE, Kupfer D]. Psychopharmacology: the fourth generation

of progress: an official publication of the American College of Neu-
ropsychopharmacology. New York: Raven Press, 1994.

. Hill SY. Biologic phenotypes associated with individuals at high

risk for developing alcohol-related disorders, Part 1. Addiction
Biol 2000;5:5-22.

. Malhotra AK, Goldman D. Benefits and pitfalls encountered

in psychiatric genetic association studies. Biol Psychiatry 1999;
45:544-550.

. Wihelmsen KC. Does tumor necrosis factor play a role in alco-

holic steatohepatitis? The potential pitfalls of a case-controlled
allelic association analysis. Hepatology 1997;26:232-233.

. Nutt D. Alcohol and the brain: pharmacological insights for

psychiatrists. Br ] Psychiatry 1999;175:114—119.

Schuckit MA. Biological, psychological and environmental pre-
dictors of the alcoholism risk: a longitudinal study. J Stud Alcohol
1998;59:485-494.

Foroud T, Li T-K. Genetics of alcoholism: a review of recent
studies in human and animal models. Am | Addict 1999;8:
261-278.

Li T-K. Pharmacogenetics of responses to alcohol and genes
that influence alcohol drinking. J Stud Alcohol 2000;61:5-12.
Goldman D. General and specific inheritance of substance abuse
and alcoholism (commentary). Arch Gen Psychiatry 1998;55:
964-965.

Schuckit MA, Smith TL. An 8-year follow-up of 450 sons of
alcoholic and control subjects. Arch Gen Psychiatry 1996;53:
202-210.

Schuckit MA, Smith TL. The relationships of a family history
of alcohol dependence, a low level of response to alcohol, and
six domains of life functioning to the development of alcohol
use disorders. J Stud Alcohol 2000;61:827—835.

Schuckit MA, Tipp JE, Smith TL, et al. The relationship be-
tween self-rating of the effects of alcohol and alcohol challenge
results in ninety-eight young men. J Stud Alcohol 1997;58:
397-404.

Pollock VE. Meta-analysis of subjective sensitivity to alcohol in
sons of alcoholics. Am J Psychiatry 1992;149:1534—1538.
Schuckit MA, Smith TL, Kalmijn ], et al. Response to alcohol
in daughters of alcoholics: a pilot study and a comparison with
sons of alcoholics. Alcohol Alcohol 2000;35:242—-248.

Schuckit MA, Smith TL, Kalmijn J, et al. The relationship of
a low response to alcohol to ERP and personality measures.
Alcohol Clin Exp Res 2000;24:27A.

Schuckit MA, Tsuang JW, Anthenelli RM, et al. Alcohol chal-
lenges in young men from alcoholic pedigrees and control fami-
lies: a report from the COGA project. J Stud Alcohol 1996;57:
368-377.

Erblich J, Earleywine M. Children of alcoholics exhibit attenu-
ated cognitive impairment during an ethanol challenge. Alcohol
Clin Exp Res 1999;23:476-482.

Newlin DB, Thomson JB. Chronic tolerance and sensitization
to alcohol in sons of alcoholics. Alcohol Clin Exp Res 1991;15:
399-405.

Monteiro MG, Klein JL, Schuckit MA. High levels of sensitivity
to alcohol in young adult Jewish men: a pilot study. J Stud
Alcohol 1991;52:474—469.

Ehlers CL, Garcia-Andrade C, Wall TL, et al. Electroencephalo-
graphic responses to alcohol challenge in Native American Mis-
sion Indians. Biol Psychiatry 1999;45:776-787.

Wall TL, Johnson ML, Horn SM, et al. Evaluation of the self-
rating of the effects of alcohol form in Asian Americans with

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

aldehyde dehydrogenase polymorphisms. J Stud Alcohol 1999;
60:784-789.

Volavka J, Czobor P, Goodwin D, The electroencephalogram
after alcohol administration in high-risk men and the develop-
ment of alcohol use disorders 10 years later. Arch Gen Psychiatry
1996;53:258—-263.

Rodriguez LA, Wilson JR, Nagoshi CT. Does psychomotor
sensitivity to alcohol predict subsequent alcohol use? Alcohol
Clin Exp Res 1993;17:155-161.

Heath A, Madden PAF, Bucholz KK, et al. Genetic differences
in alcohol sensitivity and the inheritance of alcoholism risk.
Psychol Med 1999;29:1069-1081.

Baldwin HA, Wall TL, Schuckit MA, et al. Differential effects
of ethanol on punished responding in the P and NP rats. Alcohol
Clin Exp Res 1991;15:700—704.

Browman KE, Crabbe JC. Quantitative trait loci affecting
ethanol sensitivity in BXD recombinant inbred mice. Alcohol
Clin Exp Res 2000;24:17-23.

Moore MS, DeZazzo |, Lub AY, et al. Ethanol intoxication in
Drosophila: genetic and pharmacological evidence for regulation
by the cAMP signaling pathway. Cel/ 1998;93:997—1007.
Schuckit MA, Mazzanti C, Smith TL, et al. Selective genotyping
for the role of 5-HT,4, 5-HT,c, and GABA,4 receptors and
the serotonin transporter in the level of response to alcohol: a
pilot study. Biol Psychiatry 1999;45:647-651.

Schuckit MA, Edenberg HJ, Kalmijn J, et al. A genome-wide
search for genes that relate to a low level of response to alcohol.
Alcohol Clin Exp Res 2001;25:323—-329.

Ehlers CL, Schuckit MA. Evaluation of EEG alpha activity in
sons of alcoholics. Neuropsychopharmacology 1991;4:199-205.
Enoch MA, White KV, Harris CR, et al. Association of low-
voltage alpha EEG with a subtype of alcohol use disorders.
Alcohol Clin Exp Res 1999;23:1312—-1319.

Pollock VE, Volavka J, Goodwin DW, et al. The EEG after
alcohol administration in men at risk for alcoholism. Arch Gen
Psychiatry 1983;40:857—-861.

Bauer LO, Hesselbrock VM. EEG, autonomic and subjective
correlates of the risk for alcoholism. J Stud Alcohol 1993;54:
577-589.

van Beijsterveldt CEM, Boomsma DI. Genetics of the human
electroencephalogram (EEG) and event-related brain potentials
(ERPs): a review. Hum Genet 1994;94:319-330.

O’Connor S, Sorbel ], Morzorati S, et al. A twin study of genetic
influences on the acute adaptation of the EEG to alcohol. Alco-
hol Clin Exp Res 1999;23:494-501.

Mazzanti CM, Bergen A, Enoch MA, et al. Identification of a
Ser857-Asn857 substitution in DRK1 (KCNB1), population
frequencies and lack of association to the low voltage alpha EEG
trait. Hum Genet 1996;2:134—137.

Bauer LO, Hesselbrock VM. P300 decrements in teenagers with
conduct problems: implications for substance abuse risk and
brain development. Bio/ Psychiatry 1999;46:263-272.
Schuckit M A, Tipp JE, Smith TL, et al. An evaluation of type
A and B alcoholics. Addiction 1995;90:1189-1203.

Irwin M, Schuckit M, Smith TL. Clinical importance of age
at onset in type 1 and type 2 primary alcoholics. Arch Gen
Psychiatry 1990;47:320—324.

Slutske WS, Heath AC, Dinwiddie SH, et al. Common genetic
risk factors for conduct disorder and alcohol dependence. J Ab-
norm Psychol 1998;107:363—374.

Puttler LI, Zucker RA, Fitzgerald HE, et al. Behavioral out-
comes among children of alcoholics: during the early and middle
childhood years: familial subtype variations. Alcohol Clin Exp
Res 1998;22:1962—-1972.

Cadoret RJ, Yates WR, Troughton E, et al. Genetic-environ-



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

mental interaction in the genesis of aggressivity and conduct
disorders. Arch Gen Psychiatry 1995;52:916-924.

Benjamin J, Ebstein RP, Lesch K-P. Genes for personality traits:
implications for psychopathology. Int | Neuropsychopharmacol
1998;1:153—-168.

Begleiter H, Porjesz B. What is inherited in the predisposition
toward alcoholism? A proposed model. Alcohol Clin Exp Res
1999;23:1125-1135.

Sander T, Harms H, Dufeu P, et al. Serotonin transporter gene
variants in alcohol-dependent subjects with dissocial personality
disorder. Biol Psychiatry 1998;43:908—912.

Sander T, Ball D, Murray R, et al. Association analysis of se-
quence variants of the GABA(A), alpha6, beta2, and gamma2
gene cluster and alcohol dependence. Alcohol Clin Exp Res 1999;
23:427-431.

Ehlers CL, Garcia-Andrade C, Wall TL, et al. Determinants of
P3 amplitude and response to alcohol in Native American Mis-
sion Indians. Neuropsycholopharmacology 1998;18:282—292.
Hill SY, Shen S, Locke J, et al. Developmental delay in P300
production in children at high risk for developing alcohol-
related disorders. Biol Psychiatry 1999;46:970-981.

Hill SY, Locke ], Steinhauer SR. Absence of visual and auditory
P300 reduction in nondepressed male and female alcoholics.
Biol Psychiatry 1999;46:982—-989.

Berman SM, Whipple SC, Fitch R], et al. P3 in young boys
as a predictor of adolescent substance abuse. Alcohol 1993;10:
69-76.

Hill SW, Steinhauer S, Lowers L, et al. Eight-year longitudinal
follow-up of P300 and clinical outcome in children from high-
risk for alcoholism families. Biol Psychiatry 1995;37:823-827.
O’Connor SJ, Morzorati S, Christian JC, et al. Heritable fea-
tures of the auditory oddball event-related potential: peaks, la-
tencies, morphology and topography. Electroencephalogr Clin
Neurophysiol 1994;92:115-125.

Begleiter H, Porjesz B, Reich T, et al. Quantitative trait loci
analysis of human event-related brain potentials: P3 voltage.
Electroencephalogr Clin Neuraphysiol 1998;108:244-250.

Hill SY, Locke J, Zezza N, et al. Genetic association between
reduced P300 amplitude and the DRD2 dopamine receptor Al
allele in children at high risk for alcoholism. Biol Psychiatry
1998;43:40-51.

Kessler RC, Crum RM, Warner LA, et al. Lifetime co-occur-
rence of DSM-III-R alcohol abuse and dependence with other
psychiatric disorders in the National Comorbidity Survey. Arch
Gen Psychiatry 1997;54:313-321.

Schuckit MA, Tipp JE, Bergman M, et al. Comparison of in-
duced and independent major depressive disorders in 2,945
alcoholics. Am ] Psychiatry 1997;154:948-957.

Raimo EB, Schuckit MA. Alcohol dependence and mood disor-
ders. Addict Behav 1998;23:933—-946.

Disney ER, Elkins IJ, McGue M, et al. Effects of ADHD,
conduct disorder, and gender on substance use and abuse in
adolescence. Am J Psychiatry 1999;156:1515-1521.

Tsuang JW, Lohr JB. Effects of alcohol on symptoms in alco-
holic and nonalcoholic patients with schizophrenia. Hosp Com-
munity Psychiatry 1994;45:1229-1230.

Winokur G, Coryell W, Endicott J, et al. Familial alcoholism
in manic-depressive (bipolar) disease. Am J Med Genet 1996;
67:197-201.

Schuckit MA, Tipp JE, Bucholz KK, et al. The lifetime rates
of three major mood disorders and four major anxiety disorders
in alcoholics and controls. Addiction 1997;92:1289—-1304.
Goodwin DW, Guze SB. Psychiatric diagnosis, fifth ed. New
York: Oxford University Press, 1996.

Wand GS, Mangold D, Ali M. Adrenocorticotropin responses

Chapter 98: Vulnerability Factors for Alcoholism

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

1409

to naloxone in sons of alcohol-dependent men. / Clin Endocrinol
Metab 1999;84:64—68.

Adinoff B, Martin PR, Bone GHA, et al. Hypothalamic pitui-
tary adrenal axis functioning and cerebrospinal fluid cortico-
trophin releasing hormone and corticotrophin levels in alcohol-
ics after recent and long term abstinence. Arch Gen Psychiatry
1990;47:325-330.

Wand GS, Mangold D, Ali M, et al. Adrenocortical responses
and family history of alcoholism. Alcohol Clin Exp Res 1999;
23:1185-1190.

Rivier C, Lee S. Acute alcohol administration stimulates the
activity of hypothalamic neurons that express corticotropin-re-
leasing factor and vasopressin. Brain Research 1996;726:1-10.
Corral MM, Holguin SR, Cadaveira F. Neuropsychological
characteristics in children of alcoholics: familial density. J Stud
Alcohol 1999;60:509-513.

Ratsma JE, Gunning WB, Leurs R, et al. Platelet adenylyl cy-
clase activity as a biochemical trait marker for predisposition to
alcoholism. Alcohol Clin Exp Res 1999;23:600—604.

Wand GS, Waltman C, Martin CS, et al. Differential expression
of guanosine triphosphate binding proteins in men at high and
low risk for the future development of alcoholism. / Clin Invest
1994;94:1004-1011.

Parsian A, Todd RD, Cloninger CR, et al. Platelet adenylyl
cyclase activity in alcoholics and subtypes of alcoholics. Alcohol
Clin Exp Res 1996;20:745-751.

Menninger JA, Barén AE, Tabakoff B. Effects of abstinence
and family history for alcoholism on platelet adenylyl cyclase
activity. Alcohol Clin Exp Res 1998;22:1955-1961.

Lex BW, Ellingboe J, Larosa K, et al. Platelet adenylate cyclase
and monoamine oxidase in women with alcoholism or a family
history of alcoholism. Harvard Rev Psychiatry 1993;1:229-237.
Hoffman PL, Tabakoff B. A commentary on mechanisms. Alco-
hol Alcohol 1996;31:333—-340.

Lewohl JM., Wilson WR, Mayfield RD, et al. G-protein-cou-
pled inwardly rectifying potassium channels are targets of alco-
hol action. Nature Neurosci 1999;2:1084—1090.

Tecott LH, Heberlein U. Y do we drink? Cel/ 1998;95:
733-735.

Pandey SC, Mittal N, Lumeng L, et al. Involvement of the
cyclic AMP-responsive element binding protein gene transcrip-
tion factor in genetic preference for alcohol drinking behavior.
Alcohol Clin Exp Res 1999;23:1425-1434.

Bowers BJ, Owen EH, Collins AC, et al. Decreased ethanol
sensitivity and tolerance development in gamma-protein kinase
C null mutant mice is dependent on genetic background. Alco-
hol Clin Exp Res 1999;23:387—-397.

Hodge CW, Mehmert KK, Kelley SP, et al. Supersensitivity to
allosteric GABA, receptor modulators and alcohol in mice lack-
ing PKC. Nature Neurosci 1999;2:997-1002.

Stubbs CD, Slater S]. Ethanol and protein kinase C. Alcohol
Clin Exp Res 1999;23:1552—1560.

Khasar SG, Lin Y-H, Martin A, et al. A novel nociceptor signal-
ing pathway revealed in protein kinase C mutant mice. Neuron
1999;24:253-260.

Ehlers CL, Li T-K, Lumeng L, et al. Neuropeptide Y (NPY)
levels in ethanol-naive alcohol preferring and nonpreferring rats
and in Wistar rats following ethanol exposure. Alcohol Clin Exp
Res 1998;22:1778-1782.

Aule DT, Radeff JM, Werling LL. Modulation of [3H] dopa-
mine release from rat nucleus accumbens by neuropeptide Y
may involve a signal-like receptor. J Pharmacol Exp Ther 1998;
284:553-560.

Heilig M, Widerlov E. Neurobiology and clinical aspects of
neuropeptide Y. Crit Rev Neurobiol 1995;9:114—136.

Hwang BH, Zhang J-K, Ehlers CL, et al. Innate differences of



1410  Neuropsychopharmacology: The Fifth Generation of Progress

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

neuropeptide Y (NPY) in hypothalamic nuclei and central nu-
cleus of the amygdala between selectively bred rats with high
and low alcohol preference. Alcohol Clin Exp Res 1999;23:
1023-1030.

Carr LG, Foroud T, Bice P, et al. A quantitative trait locus for
alcohol consumption in selectively bred rat lines. Alcohol Clin
Exp Res 1998;22:884-887.

Thiele TE, Marsh DJ, Ste Marie L, et al. Ethanol consumption
and resistance are inversely related to neuropeptide Y levels.
Nature 1998;396:366—369.

Kieffer BL. Opioids: first lessons from knockout mice. 77PS
1999;20:19-26.

Krausz M, Degkwitz P, Kiihne A, et al. Comorbidity of opiate
dependence and mental disorders. Addict Behav 1998;23:
767-783.

Heyser CJ, Roberts AJ, Schulteis G, et al. Central administra-
tion of an opiate antagonist decreases oral ethanol self-adminis-
tration in rats. Alcohol Clin Exp Res 1999;23:1468—1476.
Sander T, Gscheidel N, Wendel B, et al. Human mu-opioid
receptor variation and alcohol dependence. Alcohol Clin Exp Res
1998;22:2108-2110.

De Waele JP, Kiianmaa K, Gianoulakis C. Distribution of the
mu and delta opioid binding sites in the brain of the alcohol-
preferring AA and alcohol-avoiding ANA lines of rats. / Pharma-
col Exp Ther 1995;275:518-527.

Gianoulakis C, Krishnan B, Thavundayl J. Enhanced sensitivity
of pituitary B-endorphin to ethanol in subjects at high risk of
alcoholism. Arch Gen Psychiatry 1996;53:250-257.

Wand GS, Mangold D, El Deiry S, et al. Family history of
alcoholism and hypothalamic opioidergic activity. Arch Gen Psy-
chiatry 1998;55:1114-1119.

Swift RM, Whelihan W, Kuznetsov O, et al. Naltrexone-in-
duced alterations in human ethanol intoxication. Am J Psychiatry
1994;151:1463—-1467.

Alexander RC, Heydt D, Ferraro TN, et al. Further evidence for
a quantitative trait loci on murine chromosome 10 controlling
morphine preference in inbred mice. Psychiatr Genet 1996;6:
29-31.

Bergen AW, Kokoszka J, Peterson R, et al. Mu opioid receptor
gene variants: Lack of association with alcohol dependence. Mo/
Psychiatry 1997;2:490-494.

Buydens-Branchey L, Branchey M, Fergueson P, et al. Hor-
monal, psychological and alcohol craving changes after m-chlo-
rophenylpiperazine administration in alcoholics. Alcohol Clin
Exp Res 1997;21:220-227.

Fils-Aime ML, Eckhardt MJ, George DT, et al. Early-onset
alcoholics have lower cerebrospinal fluid 5-hydroxyindoleacetic
acid levels than late-onset alcoholics. Arch Gen Psychiatry 19965
53:211-216.

Melo JA, Shendure J, Pociask K, et al. Identification of sex-
specific quantitative trait loci controlling alcohol preference in
C57BL/6 mice. Nature Genet 1996;13:147—152.

Katsuragi S, Kunugi H, Sano A, et al. Association between
serotonin transporter gene polymorphism and anxiety-related
traits. Biol Psychiatry 1999;45:368—-370.

Nielsen DA, Virkkunen M, Lappalainen J, et al. A tryptophan
hydroxylase gene marker for suicidality and alcoholism. Arch
Gen Psychiatry 1998;55:593—602.

Wong DT, Reid LR, Li T-K. Greater abundance of serotonin; o
receptor in some brain areas of alcohol-preferring (P) rats com-
pared to -nonpreferring (NP) rats. Pharmacol Biochem Behav
1993;46:173-177.

Crabbe JC, Phillips TJ, Feller DJ, et al. Elevated alcohol con-
sumption in null mutant mice lacking 5-HT' 5 serotonin recep-
tors. Nat Genet 1996;14:98—101.

Pandey SC, Lumeng L, Li T-K. Serotonin, receptors and sero-

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

tonin,c receptor-mediated phosphoinositide hydrolysis in the
brain of alcohol-preferring (P) and alcohol-nonpreferring (NP)
rats. Alcohol Clin Exp Res 1996;20:1038—1042.

Johnson BA, Roache JD, Javors MA, et al. Ondansetron for
reduction of drinking among biologically predisposed alcoholic
patients: a randomized controlled trial. JAMA 2000;284:
963-971.

Ernouf D, Compagnon P, Lothion P, et al. Platelet 3H 5-HT
uptake in descendants from alcoholic patients: a potential risk
factor for alcohol dependence. Life Sei 1993;52:989-995.
Koob GF, Le Moal M. Drug abuse: hedonic homeostatic dysreg-
ulation. Science 1998;278:52—-58.

Pfeffer AO, Samson HH. Haloperidol and apomorphine effects
on ethanol reinforcement in free feeding rats. Pharmacol Bio-
chem Behav 1988;29:343-350.

Limson R, Goldman D, Roy A, et al. Personality and cerebrospi-
nal fluid monoamine metabolites in alcoholics and controls.
Arch Gen Psychiatry 1991;48:437—441.

Cloninger CR, Adolfsson R, Svrakic NM. Mapping genes for
human personality. Nature Genet 1996;12:3—4.

Heinz A, Dettling M, Kuhn S, et al. Blunted growth hormone
response is associated with early relapse in alcohol-dependent
patients. Alcohol Clin Exp Res 1995;19:62—65.

Hietala J, West C, Syvalahti E, et al. Striatal D2 dopamine
receptor binding characteristics in vivo in patients with alcohol
dependence. Psychopharmacology 1994;116:285-290.

Mash DC, Staley JK, Doepel FM, et al. Altered dopamine trans-
porter densities in alcohol-preferring vervet monkeys. NewuroRe-
port 199657:457-462.

Cook CCH, Palsson G, Turner A, et al. A genetic linkage study
of the D, dopamine receptor locus in heavy drinking and alco-
holism. Br J Psychiatry 1996;169:243—248.

Edenberg HJ, Foroud T, Koller DL, et al. A family-based analy-
sis of the association of the dopamine D2 receptor (DRD2)
with alcoholism. Alcohol Clin Exp Res 1998;22:505-512.
Franke P, Schwab SG, Knapp M, et al. DAT1 gene polymor-
phism in alcoholism: a family-based association study. Biol Psy-
chiatry 1999;45:652—654.

Parsian A, Chakraverty S, Fisher L, et al. No association between
polymorphisms in the human dopamine D3 and D4 receptors
genes and alcoholism. Am J Med Gener 1997;74:281-285.
Iwata N, Cowley DS, Radel M, et al. Relationship between a
GABA4g Pro385Ser substitution and benzodiazepine sensitiv-
ity. Am J Psychiatry 1999;156:1447—1449.

Gilman S, Koeppe RA, Adams K, et al. Positron emission tomo-
graphic studies of cerebral benzodiazepine-receptor binding in
chronic alcoholics. Ann Neurol 1996;40:163—171.

Volkow ND, Wang G-], Begleiter H, et al. Regional brain
metabolic response to lorazepam in subjects at risk for alcohol-
ism. Alcohol Clin Exp Res 1995;19:510-516.

Long JC, Knowler WC, Hanson RL, et al. Evidence for genetic
linkage to alcohol dependence on chromosomes 4 and 11 from
autosome-wide scan in an American Indian population. Am J
Med Genet 1998;81:216-221.

Anthenelli RM, Tipp J, Li T-K, et al. Platelet monoamine oxi-
dase activity in subgroups of alcoholics and controls: results
from the Collaborative Study on the Genetics of Alcoholism.
Alcohol Clin Exp Res 1998;22:598—604.

Krystal JH, Webb E, Cooney NL, et al. Serotonergic and nora-
drenergic dysregulation in alcoholism: m-chlorophenylpipera-
zine and yohimbine effects in recently detoxified alcoholics and
healthy comparison subjects. Am | Psychiatry 1996;153:83—
92.

Chen C-C, Lu R-B, Chen Y-C, et al. Interaction between the
functional polymorphisms of the alcohol-metabolism genes in



Chapter 98: Vulnerability Factors for Alcobolism 1411

protection against alcoholism. Am | Hum Genet 1999;65: 130. Whitfield JB. Meta-analysis of the effects of alcohol dehydro-

795-807. genase genotype on alcohol dependence and alcoholic liver dis-
129. Neumark YD, Friedlander Y, Thomasson HR, et al. Association ease. Alcohol Alcohol 1997;32:613—-619.

of the ADH2*2 allele with reduced ethanol consumption in 131. Atkinson JH, Slater MA, Patterson TL, et al. Prevalence, onset,

Jewish men in Isracl: a pilot study. J Stud Alcohol 1998;59: and risk of psychiatric disorders in men with chronic low back

133-139. pain: a controlled study. Pain 1991;45:111-121.

Neuropsychopharmacology: The Fifth Generation of Progress. Edited by Kenneth L. Davis, Dennis Charney, Joseph T. Coyle, and
Charles Nemeroff. American College of Neuropsychopharmacology © 2002.







