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Previous studies examining the putative as-
sociation between DRD2 Taql Al and alco-
holism have produced conflicting results.
Major critiques of such studies include po-
tential confounding arising from population
admixture by inappropriate selection of con-
trols, failure to screen out substance abusers
from controls, and the failure to assess the
severity of alcoholics. To address these is-
sues, we compared the allelic frequency of
two polymorphisms of DRD2, Taql A and
Ncol, among severe alcoholics and their eth-
nically matched nonalcoholic controls within
four major aboriginal groups and Han (Chi-
nese) in Taiwan. The sample of alcoholics
and controls examined for the five groups
included 36 and 31 (Atayal), 24 and 23 (Ami),
58 and 58 (Bunun), 35 and 35 (Paiwan), and
50 and 66 (Han). A borderline association be-
tween Taql Al and alcoholism among the
Ami (P = 0.08) and an association between
Ncol N1 and alcoholism among Han (P =
0.01) were found. Results of haplotype analy-
sis further confirm that the frequency of hap-
lotype A1N1 was higher in alcoholics than in
controls for the Ami (P = 0.01) and Han (P =
0.03). If controls with tobacco abuse were
excluded from the analysis, the results re-
mained unchanged. Severity in medical com-
plications of alcohol dependence with with-
drawal symptoms was not associated with
higher prevalence of DRD2 Taql Al or Ncol
N1 alleles. The absence of an association be-
tween DRD2 and alcoholism among the three
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aboriginal groups suggests either a higher
rate of phenocopies among aboriginal alco-
holics or genetic heterogeneity in the sus-
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INTRODUCTION

Evidence from previous family, twin, and adoption
studies indicates that alcoholism is a complex behav-
ior that most likely results from the interplay be-
tween genetic predisposition and environmental fac-
tors [Cloninger, 1987; Merikangas, 1990]. In the search
for vulnerability genes for such a complex disorder,
disease-marker association studies have become in-
creasingly popular as an alternative to linkage analysis
because of the ambiguity of the definition of phenotypes
as well as mode of inheritance and the possibility of
multiple gene involvement [Crowe, 1993; Hodge, 1994].
One area of intensive research has focused on an asso-
ciation between certain anonymous restriction frag-
ment length polymorphisms (RFLPs) of dopamine D2
receptor gene (DRD2) and alcoholism. After Blum et al.
[1990] reported that the frequency of Taql Al allele of
DRD2 was higher in alcoholics than in nonalcoholic
controls, several subsequent studies of other popula-
tions have replicated the finding [Blum et al., 1991;
Comings et al., 1991; Noble et al., 1991; Parsian et al.,
1991; Amadeo et al., 1993; Neiswanger et al., 1995a].
However, many failed to do so [Bolos et al., 1990;
Gelernter et al., 1991; Cook et al., 1992; Goldman et al.,
1992; Turner et al., 1992; Arinami et al., 1993; Suarez
et al., 1994; Sander et al., 1995; Lu et al., 1996].

There are many possible explanations for the incon-
sistent results. Since there is a wide variation in the al-
lelic frequency of Taql Al of DRD2 among different
populations [Barr and Kidd, 1993], one possibility is
confounding by population admixture due to unmatched
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ethnicity between cases and controls [Gelernter et al.,
1993; Pato et al., 1993]. The sample size of previous
studies, such as Cook et al. [1992] and Lu et al. [1996],
may not have sufficient power to detect the association.
Some researchers have suggested that the association
may exist exclusively among severe alcoholics [Blum
et al., 1991; Parsian et al., 1991; Arinami et al., 1993],
and the prevalence of DRD2 A1 allele has been found to
be higher in more severe alcoholics than in less severe
ones [Blum et al., 1993; Noble et al., 1994]. Reports also
have shown that other substance use disorders are as-
sociated with DRD2 gene [Smith et al., 1992; Noble
et al., 1993, 1994]. Thus previous negative findings may
be limited by the failure to select severe cases of alco-
holic as well as the failure to exclude other substance
abuser from controls [Blum et al., 1995]. Linkage analy-
ses among alcoholic pedigrees of small samples have
failed to detect linkage between DRD2 and alcoholism
[Bolos et al., 1990; Parsian et al., 1991; Neiswanger et al.,
1995a]. Thus the nature of the association between
Taql Al of DRD2 and alcoholism remains unsettled.

The controversy over the DRD2/alcoholism has led
some to question the utility of population association
study in the genetic analysis of complex disorders [Crowe,
1993; Kidd, 1993; Carey, 1994]. However, a gene that
is not necessary for but alters susceptibility to a dis-
ease may not be detected in linkage analysis while
detectable in a population-based association study
[Greenberg, 1993]. In this regard, association studies are
an inexpensive and sensitive way to find correlations
between biological traits and diseases of unknown eti-
ology [Neiswanger et al., 1995b]. Thus it is still worth-
while to examine the relationship between DRD2 and
alcoholism in carefully ascertained subjects among dif-
ferent populations. In this study, we compared the al-
lelic frequency of two polymorphism of DRD2, Taql A
(located on 3’ noncoding region) [Blum et al., 1991] and
Ncol (located on exon 6) [Sarkar et al., 1991], among
four major aboriginal groups and the main inhabitants,
Han (Chinese), in Taiwan. Relationship between sever-
ity of medical complications of alcoholism and DRD2
gene was also examined.

MATERIALS AND METHODS
Subjects

The ascertainment of subjects examined in this
study has been described in detail elsewhere for the
four aboriginal groups [Chen et al., 1996] and Han
[Chen et al., 1996]. In brief, subjects who met the
DSM-III-R [APA, 1987] criteria of alcohol dependence
with withdrawal symptoms were included as cases.
The controls were subjects who had no alcohol problems
(either never drank or only occasionally drank in low
quantity) and were matched on the basis of ethnicity
and sex to cases. Older eligible subjects were preferred
as matched controls to avoid misclassification in phe-
notype. Any subjects born from an interethnic mar-
riage were excluded. Related subjects were also elimi-
nated from eligibility. The alcoholic status of the
subjects was assessed by a psychiatrist or well-trained
research assistants with a semistructured clinical in-
terview schedule for alcoholism. The reliability of the

instrument has been reported to be satisfactory [Cheng
and Chen, 1995].

The aboriginal subjects were ascertained from either
a two-phase survey, Taiwan Aboriginal Study Project
(TASP) [Cheng and Hsu, 1992] among four aboriginal
groups (Atayal, Ami, Bunun, and Paiwan), or referred
to us via local health workers. Almost all cases were
identified from the community, and many of them have
been treated for various complications of alcohol drink-
ing, although few had ever been treated for alcoholism
per se due to poor accessibility of psychiatric services.
The Han alcoholic subjects were recruited from both
community (Chinshan and Sanchi Township) and clin-
ical settings (Taipei City Psychiatric Center and Chin-
shan Health Station) in northern Taiwan; the Han con-
trols were recruited from both the community (Chinshan
and Sanchi Township) and the Health Screening Ward
at National Taiwan University Hospital.

In total, 203 alcoholics (168 men and 35 women) and
213 controls (178 men and 35 women) were genotyped
for this study. The ratio of male and female cases for
each group was as follows: 25 and 11 (Atayal), 21 and 3
(Ami), 44 and 14 (Bunun), 31 and 4 (Paiwan), and 47
and 3 (Han), while that of controls included: 19 and 12
(Atayal), 20 and 3 (Ami), 44 and 14 (Bunun), 31 and 4
(Paiwan), and 64 and 2 (Han). The mean age for each
group ranged from 41.2 to 51.1 for cases and from 54.2
to 61.0 for controls. To exclude a possible confounding by
tobacco abuse among controls, those who have smoked
at least one pack of cigarettes per day for at least 1 year
were deleted from part of the analysis.

Severity of Medical Complications

Since the alcoholics included in this study all suf-
fered from withdrawal symptoms, we consider them
all to be severe alcoholics. However, to explore further
the possible relationship between the severity of med-
ical complications and DRD2 gene, we subclassified
the alcoholics as more severe if they had any one of the
following complications: (1) impairment of liver func-
tion, which, because acquisition rates of chronic he-
patitis B virus and hepatitis C virus infections among
the general Taiwanese population can reach as high as
15-20% and 1-5%, respectively, we defined as those
without hepatitis B and C virus seropositivity and a
combination of an alanine aminotransferase level of
>35 IU/liter and an aspartate aminotransferase level
of >40 IU/liter [Shen et al., 1996]; (2) peripheral neu-
ropathy, if subjects reported that alcohol consumption
produced sensations of tingling or numbness in the
feet; and (3) hallucinations. These criteria were se-
lected because they could be laboratory determined, or
self-reports of high accuracy in a field survey setting.
Other major medical complications but relatively rare
in this sample, such as pancreatitis or delirium
tremens, were found to co-exist with at least one of the
above complications. Some medical diseases such as
gastritis, gastrointestinal bleeding, and gout were not
included as criteria for severity because the causative
role of alcohol consumption in these illnesses could not
be clarified in a field setting.



Genotype Determinations

After informed consent was obtained, 30 ml of venous
blood was drawn from each participant. Ten ml was
used for the isolation of leukocyte DNA according to the
protocol of Sambrook et al. [1989] or with a commercial
kit GENOMIX (Talent, Italy).

Taql A polymorphism. According to Grandy et al.
[1993], primers 971 (5'CCGTCGACGGCTGGCCAAG-
TTGTCTA3’) and 5014 (5'CCGTCGACCCTTCCTGA-
GTGTCATCAS3’) were used to amplify a 310 bp region
near 3’ flanking region, close to exon 8, of DRD2. When
the PCR product was incubated with Taql, the A1 allele
remained intact, whereas the A2 allele was cut into two
pieces of 130 and 180 bp. The PCR was carried out with
100 ng genomic DNA, 1X buffer (10 mM KC1, 20 mM
Tris-HCI, pH 8.8 at 25°C, and .01% Triton X-100), 1.5
mM MgCl,, 120 pmol of each primer, 2.5 mM dNTPs,
and 2 units of Tag polymerase in a 20 ul reaction mix-
ture. The PCR protocol was carried out at 94°C for 3
min, 40 cycles of 94°C for 1 min, 58°C for 1 min, and
72°C for 1 min, with a final extension of 72°C for 5 min
in a GeneAmp PCR System 9600. The PCR product was
precipitated with 2 ul sodium acetate (pH 7.0) and 40 nul
100% alcohol. The purified DNA was then incubated
with 5 units of Taql under the recommended conditions
of the enzyme for 8 hr. The three fragments were dif-
ferentiated using 4% agarose gel.

Ncol polymorphism. According to Sarkar et al.
[1991], primers 35 (5’ATCCTGCAGCCATGG3’) and 38
(5’ATTGTCCGGCTTTACCS3') were used to amplify a
480 bp region on exon 6 of DRD2. The polymorphism
was due to a silent change (a C to T transition) at amino
acid His*". When the PCR product was incubated with
Necol, the N1 allele remained intact, whereas the N2 al-
lele was cut into two pieces of 194 and 252 bp. The
reagents and temperature protocol for the PCR of Ncol
was similar to that of Taql A except that the annealing
temperature was changed to 55°C for 1 min. The PCR
product (20 ul) was incubated with 5 units of Ncol un-
der the recommended conditions of the enzyme for 8 hr
and then was differentiated using 4% agarose gel.

Statistical Analysis

The differences in allele or genotype frequencies be-
tween cases and controls were examined by Fisher’s ex-
act test (2-tail), and the Hardy-Weinberg disequilib-
rium was tested by x* analysis with Yates’ continuity
correction [Weir, 1990]. Frequencies in the haplotype of
Taql A and Ncol were estimated by using Hill’s [1974]
iteration algorithm. Heterogeneity of haplotype frequen-
cies between cases and controls was based on likelihood
Chi-square test rather than Pearson Chi-square test
since there were cells with small expected values. For
convenience, we denoted the frequency of the rarer al-
lele at the first locus as p, that at the second locus as q,
and p = q = 0.5. The maximum likelihood estimate of
linkage disequilibrium statistic D was computed as D* =
fi1 — pq, where fi; is the frequency of the haplotype with
the rare allele at both loci. Let n denote number of sub-
jects, the statistic of the test for D = 0 was (D*)’n/ p(1 —
p)a(1l — q), which has the x* distribution asymptotically
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with 1 df. The maximum possible value of D* is p(1 —
q), denoted as D,,,,, and the percentage of D,,,, achieved
by D* is D’ = D*/D,,. [Hartl and Clark, 1989]. All sta-
tistical tests did not adjust for multiple comparisons
since the association between DRD2 and alcoholism
has been reported before.

RESULTS

The genotypic frequencies of Taql A among cases and
controls did not deviate from Hardy-Weinberg equilib-
rium for all five groups. The genotypic frequencies of
Ncol deviated from Hardy-Weinberg equilibrium among
cases (x° = 7.83, P < .01) but not among controls for the
Paiwan. The genotypic frequencies of Ncol among the
cases and controls of the other four groups did not de-
viate from Hardy-Weinberg equilibrium.

No significant differences were found between the al-
coholics and nonalcoholic controls in the genotypic fre-
quencies, allelic frequency, and prevalence of Taql Al
for all five groups (Table I). The frequency of A1 among
controls ranged from 24-58%. In contrast, the allelic
frequency and prevalence of Ncol N1 among the alco-
holics were significantly higher than that among the
controls for Hans (Table II). No difference between
cases and controls in the allelic frequency and preva-
lence of Ncol N1 was found for the remaining four
groups. The allelic frequency of N1 among controls
ranged from 32-55%.

If controls who have had tobacco abuse (one Atayal,
one Ami, seven Bunun, two Paiwan, and 15 Han) are ex-
cluded from the analysis, the prevalence of Taql A1 allele
for the five control groups was .77 (Atayal), .41 (Ami), .65
(Bunun), .64 (Paiwan), and .67 (Han), which were simi-
lar to those of the original controls. There were no differ-
ences in the prevalence of Taql Al between the tobacco-
abuse free controls and alcoholics for all five groups. The
prevalence of Ncol N1 allele for the five tobacco-abuse
free control groups was .73 (Atayal), .59 (Ami), .57
(Bunun), .85 (Paiwan), and .59 (Han). For Hans, the
prevalence of Ncol N1 among the alcoholics were still sig-
nificantly higher than that among the tobacco-abuse free
controls (P = 0.03). No difference between cases and to-
bacco abuse-free controls in the prevalence of Ncol N1
was found for the remaining four groups. The results of
comparing the genotypic frequencies and allelic frequen-
cies of Taql A and Ncol between cases and tobacco-abuse
free controls were similar to those of prevalence of Taql
Al and Ncol N1 (data not shown).

Since Taql A and Ncol are closely linked around the
DRD2 gene, we examined the haplotypes and degree of
linkage disequilibrium between the two loci in the sam-
ple (Table IIT). The haplotypes of Taql A and Ncol sites
were significantly associated with alcoholism for the
Ami and Han. Alcoholics of the two groups had a higher
frequency of A1N1 than that of the controls. The degree
of linkage disequilibrium, D*, among cases and controls
for all five groups were significantly different from zero.
All the percentages of maximum linkage disequilibrium
achieved by D*, D', were =60%. Notably, the D’ of cases
was significantly higher than that of controls for the Pai-
wan (z = 4.3, P < 0.001) and Hans (z = 34,
P < 0.001). The D’ of cases was not significantly differ-
ent from that of controls for the Atayal, Ami, and Bunun.
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TABLE I. Genotype Distributions, Allele Frequencies, and Prevalence
of DRD2 Taql A Polymorphism Among Taiwanese Aborigines and Han

Group and Genotype, n (frequency) Allele frequency Prevalence
status n AlA1l AlA2 A2A2 FET (p)* Al FET (p)* Al FET (p)*
Atayal

Controls 31 12 (.39) 12 (.39) 7(.23) .58 7

Alcoholics 36 9 (.25) 18 (.50) 9 (.25) .49 .50 .39 .75 1.00
Ami

Controls 23 2 (.09) 7 (.30) 14 (.61) 24 .39

Alcoholics 24 4 (.17) 12 (.50) 8(.33) 17 42 .08 .67 .08
Bunun

Controls 58 6 (.10) 29 (.50) 23 (.40) .35 .60

Alcoholics 58 3 (.05) 32 (.55) 23 (.40) .61 .35 .78 .60 1.00
Paiwan

Controls 35 4(.11) 18 (.51) 13 (.37) .37 .63

Alcoholics 35 2 (.05) 22 (.63) 11 (.31) .55 .37 1.00 .69 .80
Han

Controls 66 6 (.09) 37 (.56) 23 (.35) .37 .65

Alcoholics 50 10 (.20) 26 (.52) 14 (.28) .24 .46 .18 72 .55

* P value of Fisher’s exact test.

If the alcoholics were subclassified according to the
severity of medical complications, the proportion of
more severe alcoholics ranged from 53% (Atayal) to
71% (Bunun) (Table IV). The prevalences of Taql Al
and Ncol N1 alleles for the more severe alcoholics were
not significantly higher than those for the less severe
alcoholics. The trend was even reversed in the Han, al-
though not to a statistically significant level. There
were also no differences in the genotypic and allelic fre-
quencies of Taql A and Ncol between more severe alco-
holics and less severe ones.

DISCUSSION

The subjects examined in this study belong to five dif-
ferent ethnic groups. The prevalence of alcoholism was
much higher among the four aboriginal groups than

among Han in Taiwan (Cheng and Chen, 1995). Thus we
did not pool all subjects together. Several methodological
issues that have been raised in the controversy about
the DRD2 and alcoholism warrant discussion before ex-
amining the results.

One critical issue is the selection of controls. In this
study, the aboriginal controls were selected from the
same community as cases and their ethnicity strictly
matched. The Han controls were selected from either
the same community or catchment area of a hospital as
cases and their ethnicity was also matched. This would
make the relationship between DRD2 and alcoholism
confounded by population admixture less likely for
this study. As noted by Gelenrter et al. [1991] and
Neiswanger et al. [1995b], there is a difference in allelic
frequency of Taql A1 between unscreened and screened

TABLE II. Genotype Distributions, Allele Frequencies, and Prevalence
of DRD2 Ncol Polymorphism Among Taiwanese Aborigines and Han

Group and Genotype, n (frequency) Allele frequency Prevalence
status n NI1N1 N1N2 N2N2 FET (p)* N1 FET (p)* N1 FET (p)*
Atayal

Controls 31 11 (.35) 12 (.39) 8 (.26) .55 74

Alcoholics 36 9(.25) 20 (.56) 7(.19) .39 .53 .86 .81 .57
Ami

Controls 23 3(.13) 10 (.43) 10 (.43) .35 57

Alcoholics 24 4 (.17) 12 (.50) 8 (.33) .79 42 53 .67 .56
Bunun

Controls 58 7(.12) 23 (.40) 28 (.48) .32 52

Alcoholics 58 2(.03) 29 (.50) 27 (47) .19 .28 .67 .53 1.00
Paiwan

Controls 35 7 (.20) 23 (.66) 5(.14) .53 .86

Alcoholics 35 7 (.20) 26 (.74) 2 (.05) .64 57 .73 .94 43
Han

Controls 66 7(.11) 31 (.50) 28 (.42) 34 .58

Alcoholics 50 11 (.22) 29 (.58) 10 (.20) .02 .51 .01 .80 .02

* P value of Fisher’s exact test; P values <.05 are in boldface.
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TABLE III. DRD2 Haplotype Frequencies and Linkage Disequilibrium
for the Taql A and Ncol Polymorphisms Among Taiwanese Aborigines and Han
Linkage

Group and Haplotype disequilibrium
status 2n° AIN1 AIN2 A2N1 A2N2 LRx* (p)¥ D* D’
Atayal

Controls 62 .55 .03 .01 41 .23 .88

Alcoholics 72 47 .03 .06 44 .42 21 .87
Ami

Controls 46 24 .00 11 .65 .16 1.00

Alcoholics 48 42 .00 .00 .58 .01 .24 1.00
Bunun

Controls 116 .29 .06 .03 .62 .18 .74

Alcoholics 116 .23 .10 .05 .62 47 .14 .60
Paiwan

Controls 70 31 .06 .22 41 11 .65

Alcoholics 70 .37 .00 .20 .43 .09 .16 1.00
Han

Controls 132 .29 .08 .05 .58 .16 .67

Alcoholics 100 44 .02 .07 47 .03 .20 91

* Chromosomes sampled (each person has 2 alleles).

* P value of heterogeneity test by likelihood ratio x> test (df = 2 for the Ami and 3 for the remaining groups); P values <.05 are in boldface.

controls in Caucasians. In this study, the controls have
been screened to rule out subjects with heavy alcohol
consumption or alcohol use disorders using the same
clinical interview for the cases. Furthermore, controls
with tobacco abuse were excluded from part of the
analysis and the results remained the same as those of
the original controls.

Several studies have indicated that the DRD2 Taql
Al is associated exclusively with severe alcoholism.
However, the criteria used to assess the severity of al-
coholism were not consistent. These included medical
complications [Blum et al., 1991, 1995; Parsian et al.,
1991], MAST scores [Bolos et al., 1990], and withdrawal
symptoms [Gelernter et al., 1991]. Turner et al. [1992]
considered their sample severely affected on the basis
of a high prevalence of alcohol-related automobile acci-

dents, medical complications, and withdrawal symptoms.
In this study, 53—71% of the alcoholics were classified
as more severe by the presence of liver function im-
pairment, peripheral neuropathy, or hallucinations.
However, we did not find any significant difference in
the prevalence of Taql Al or Ncol N1 alleles between
the more severe and the less severe alcoholics. One
explanation is that physical dependence on alcoholism
is the essential element of severity that manifests
association with DRD2 gene, whereas other medical
complications arose as consequences of such addictive be-
haviors. Since all cases in this study fulfill this require-
ment, further subclassification by medical complica-
tions did not differentiate between the two subgroups
in the DRD2 gene. Previous studies have indicated that
addictive behavior may be closely related to the pro-

TABLE IV. Prevalence of DRD2 Taql Al and Ncol N1 Alleles by Severity of Medical
Complications of Alcoholism Among Taiwanese Aborigines and Han

G . Taql A Necol
roup and severity
in alcoholism N (%) Al FET (p)* N1 FET (p)*
Atayal

Less severe 17 (47) .76 71

More severe 19 (53) .74 1.00 .89 .22
Ami

Less severe 9(37) .67 .67

More severe 15 (63) .67 1.00 .67 1.00
Bunun

Less severe 17 (29) .59 47

More severe 41 (71) .61 1.00 .56 57
Paiwan

Less severe 16 (46) .63 .94

More severe 19 (54) .74 72 .95 1.00
Han

Less severe 18 (36) .83 .89

More severe 32 (64) .66 21 .75 .30

* P value of Fisher’s exact test.
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posed mechanism of the involvement of dopamine sys-
tem in drug dependence [Koob and Bloom, 1988]. Further
investigation with alcoholics who have medical compli-
cations due to alcohol consumption without physical de-
pendence may help to clarify this issue.

For the four aboriginal groups examined in this
study, except the borderline association between Taql
A1l and alcoholism among the Ami, neither Taql A nor
Ncol N1 of DRD2 were found to be associated with
alcoholism. In contrast, an association between Ncol
N1 and alcoholism was found among Han, whereas no
similar association was found for the Taql Al. The re-
sults of the haplotype analysis, which in general has
more power in demonstrating an association between a
haplotype and a disease than individually examining
each marker with a disease, further confirmed that the
frequency of haplotype A1N1 was higher in alcoholics
than in controls for the Ami and Han. Thus our results
support the reported association between DRD2 gene
and alcoholism in the Ami and Han but not in the other
three groups.

The greater linkage disequilibrium (larger value of D*
or D’) for the haplotype of Taql A and Ncol among cases
than among controls further supports the contention
that susceptibility genes for alcoholism may be located
in this area [Suarez et al., 1994]. Intriguingly, an associ-
ation with polysubstance abuse was found to be stronger
for Taql B, a RFLP located at the first intron and close to
exon 2, than for Taql A [Smith et al., 1992]. However, an-
other study found that the Taql Al allele is a better pre-
dictor of severe alcoholism than the B1 allele [Blum et
al., 1993]. By examining four DRD2 RFLPs that span
coding regions as well as a 3’ flanking RFLP in an en-
larged sample, in which an association between Taql A1
and alcoholism was previously found [Parsian et al.,
1991], Suarez et al. [1994] found no evidence for the in-
volvement of the DRD2 region in the vulnerability to al-
coholism. In this study, both 3’ (Ncol) and 5’ (TaqI A) of
the DRD2 were indicated by the association found for
the Ami and Han. Thus, although there is some evidence
indicating that the region of DRD2 involved in the sus-
ceptibility to alcoholism is more likely to be in DRD2
protein coding and 5’ regulatory region, the data so far
are still inconclusive.

A positive linkage between DRD2 and alcoholism
would provide direct evidence for the involvement of
DRD2 in the etiology of alcoholism. Although previous
efforts failed to detect any evidence of linkage between
DRD2 and alcoholism [Bolos et al., 1990; Parsian et al.,
1991; Neiswanger et al., 1995a], the results of these
linkage studies are clouded by the limited size of pedi-
grees and the uncertainty in the mode of inheritance
and the definition of phenotype used. Furthermore,
even if there is no detectable linkage between DRD2
and alcoholism, there still exists the possibility that
DRD2 may be a susceptibility rather than a necessary
gene to alcoholism [Greenberg, 1993].

Interpretation of the association between DRD2 and
alcoholism, however, is complicated by the lack of func-
tional variation related with the polymorphism of DRD2
examined in this study. The Ncol polymorphism is a

silent change (a C to T transition) at amino acid His*" on

exon 6 [Sarkar et al., 1991]. The Taql A polymorphism is
located on 3’ flanking region and 13 Kb to exon 8, not in
coding region. Although DRD2 receptor density was
found to be less for subjects homozygous for Al of Taql
A, followed by A1A2 and A2A2 [Noble et al., 1991], no
mutations associated with alcoholism were detected in
the scanning of protein-coding nucleotide sequences and
splicing sites of the DRD2 gene, from exon 2—8 by dena-
turing gradient gel electrophoresis, among 161 alco-
holics [Gejman et al., 1994]. Nevertheless we cannot
rule out the possibility that the genetic defect is located
in a genomic region that has not been examined, i.e.,
exon 1, introns, promotor or more upstream regions.

Since the possibility of confounding by population ad-
mixture is relatively low for this study, there are two pos-
sibilities for the absence of the association between
DRD2 gene and alcoholism for the three aboriginal
groups (Atayal, Bunun, and Paiwan). Forty years ago,
the prevalence of alcoholism among the aborigines was
only 0.11% [Rin and Lin, 1962]. However, subsequently
the prevalence of alcohol dependence among the four
aboriginal groups increased to 17.1% (Ami), 21.5%
(Atayal), 23.3% (Paiwan), and 32.0% (Bunun), according
to DSM-III-R criteria [Cheng and Chen, 1995]. It is likely
that a relatively higher proportion of aboriginal alco-
holics recruited for this study are in fact “phenocopies.”
These subjects do not carry the genetic susceptibility but
become alcoholic under the tremendous psychosocial
stress they have experienced during the rapid modern-
ization process throughout these decades. Intriguingly,
among the four aboriginal groups studied, Ami is the
group most acculturated to the Han culture [Cheng and
Hsu, 1995]. This is in accordance with the finding that
their prevalence of alcohol dependence is the lowest
among the four groups. Thus the proportion of alcoholic
phenocopies included in this study was relatively low in
the Ami compared to the other three aboriginal groups.
This may explain why the Ami is the only group of the
aborigines studied that demonstrated an association be-
tween DRD2 gene and alcoholism. The other possibility
is ethnic heterogeneity in the genetic susceptibility to al-
coholism. We have demonstrated that the effects of cer-
tain alcohol-metabolizing genes on the risk of alcoholism
are present among Han [Chen et al., 1996a] but absent
among the four aboriginal groups [Chen et al., 1996b] by
examining the same subjects in this study.
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