
Converging data suggest that the identification of
the molecular variants that influence antipsychotic
drug response may soon be feasible. For the most
part, these studies have focused on the new atypical
antipsychotic agents, particularly clozapine.
Although initial data in this regard has been incon-
clusive, recent studies have suggested that variation
in the gene that codes for the dopamine D2 receptor
(DRD2) may significantly influence the clinical effi-
cacy of a number of typical and atypical antipsy-
chotic drugs, perhaps via a variant that influences
messenger RNA (mRNA) stability and translation.
Studies of antipsychotic-induced weight gain have
been more consistent than studies of antipsychotic
drug efficacy, perhaps because weight dysregula-
tion represents a more powerful phenotype for
genetic studies, with a specific single nucleotide
polymorphism (SNP) in the 5- hydroxytryptamine
2C (5-HT2C) receptor being associated with weight
gain across diverse samples. Larger, more compre-
hensive studies are needed to confirm these results,
but taken together, they suggest that pharmacoge-
netic strategies may be critical towards gaining a
more precise understanding of the mechanism of
action of antipsychotic drugs in the treatment of
schizophrenia.
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INTRODUCTION

The variation in individual clinical response to antipsy-
chotic drug treatment remains a critical problem in the
management of schizophrenia. Although a minority of
patients may experience complete symptom remission,

a large proportion of patients continue to experience
significant psychiatric symptoms (Kane, 1999).
Moreover, psychotropic drug efficacy may not occur
until weeks after initiation of drug treatment (Conley et
al., 1997), and thus the time period before a clinician
can determine whether a specific treatment is ineffec-
tive and consider alternative pharmacotherapy can be
lengthy. During this period, treated patients may expe-
rience continuous psychiatric symptoms, employment
loss, social dysfunction, medical morbidity and, in the
worst case, commit suicide (Kaplan and Sadock,
1994).

Pharmacogenetic approaches provide a novel
methodology to dissect the heterogeneity of psy-
chotropic drug response. Pharmacogenetics provides a
number of distinct advantages in the search for inform-
ative correlates of psychotropic drug response. First, an
individual subject's genotype is essentially invariable,
and thus collection of the independent measure for
analysis versus treatment response can be collected at
any time during treatment (or thereafter) and remain
unaffected by the treatment itself (Strachan and Read,
1996). Second, current molecular biological techniques
provide an accurate assessment of an individual's geno-
type (Ranade et al., 2001), and measurement error
plays little or no role in these analyses. Third, the
amount of publicly available genomic information
(Lander et al., 2001) now provides the necessary data
to conduct comprehensive studies of individual genes
and, perhaps, investigations of entire genomes.

HERITABILITY OF ANTIPSYCHOTIC DRUG
RESPONSE

There is limited data on the heritability of antipsychot-
ic drug response. One line of evidence that suggests
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that genetic factors play a role is derived from studies
of treatment response across different ethnic groups. A
recent study incorporating data from randomized clini-
cal trials found that black patients displayed greater
acute (6 weeks) response to treatment with atypical and
typical antipsychotic agents than white patients of
European descent (Emsley et al., 2002). In this study,
however, there were significant differences in baseline
symptoms between groups and no control for potential
differences in nutritional status and body mass.
Moreover, underlying cultural bias in the treatment and
assessment of disparate ethnic groups may play a role
in apparent treatment response variation (Kuno and
Rothbard, 2002). Other data on heritability of antipsy-
chotic drugs is limited to a study of 28 schizophrenia
sibling pairs that found no more concordance for typi-
cal antipsychotic agent response than predicted by
chance (DeLisi and Dauphinais, 1989) and a single
case report (Vojvoda et al., 1996) of a monozygotic
twin pair with schizophrenia concordant for clozapine
response despite prior non-response to typical antipsy-
chotic agents. 

Concordance in twins for behavioral response to a
dopamine receptor agonist has been observed.
Nurnberger and colleagues (1982) administered 0.3
mg/kg of the dopaminomimetic, dextroamphetamine
(DA) to healthy volunteer twin pairs and found that
DA-induced alterations in behavioral excitation as well
as changes in plasma growth hormone and prolactin
levels were highly correlated in 12 MZ twins but not in
3 DZ twin pairs. These results were not accounted for
by correlation of plasma amphetamine levels. The
small sample of DZ twins was not sufficient to conduct
accurate heritability estimates but further research uti-
lizing acute pharmacologic "challenge" paradigms
(Malhotra et al., 1998) may be useful to assess heri-
tability of drug responses if appropriate safeguards are
in place.

PHARMACOGENETICS OF ANTIPSYCHOTIC
DRUG RESPONSE

Pharmacogenetic studies of antipsychotic drug
response have focused on the atypical antipsychotic
drug clozapine. The initial clozapine studies were con-
ducted either in the context of clinical trials of clozap-
ine (Malhotra et al., 1996a,b) or were based upon ret-
rospective analyses of clozapine-treated patients
(Arranz et al., 1995; Sodhi et al., 1995; Nimgaonkar et
al., 1996; Shaikh et al., 1996), in ethnically heteroge-
neous study groups derived from Western countries

including the U.K, Germany, and the U.S.A. 
Clozapine pharmacogenetic studies have primarily

included genetic loci within the dopamine and sero-
tonin receptor systems - obvious candidates because of
the high affinity of clozapine for these receptor sub-
types. Arranz and colleagues (1995) initially attracted
interest in the 5-HT2A T102C polymorphism with a
report of a significant (p = 0.02) association between
the 102C allele and failure to respond to clozapine in a
cohort of 149 chronic schizophrenia patients retrospec-
tively assessed with the Global Assessment Scale
(GAS). These data were not replicated in a series of
smaller clozapine studies from independent laborato-
ries (Nothen et al., 1995; Malhotra et al., 1996a;
Masellis et al., 1998; Lin et al., 1999), as well as in a
study that included typical antipsychotic agents
(Nimgaonkar et al., 1996). 5-HT2A T102C could be
considered a relatively weak candidate polymorphism
because it does not result in an amino acid substitution
at the protein level, and there is little evidence that it
produces significant functional effects on 5-HT2A

receptor function (Burnet and Harrison, 1995). A less
common polymorphism within the 5-HT2A gene,
His452Tyr, which was not found to be in significant
linkage disequilibrium (non-random population associ-
ation) with T102C (Malhotra et al., 1996a), does
appear to produce functional effects in vitro, however,
it has not consistently been found to be associated with
clozapine response (Nothen et al., 1995; Malhotra et
al., 1996a). Finally, a recent study of 5-HT2A T102C
and antipsychotic response to the atypical agent,
risperidone, in 100 Han Chinese schizophrenia patients
also identified an association, but in this case the asso-
ciation was in the opposite direction than previously
observed in primarily Caucasian study groups (Lane et
al., 2002). Definitive studies with larger sample sizes,
prospective clinical data, and comprehensive examina-
tion of the gene will be needed to further address the
role of this gene in antipsychotic drug response.

Other serotonin-related genes that have been studied
in pharmacogenetic studies of clozapine include the 5-
HT2C (Sodhi et al., 1995; Malhotra et al., 1996b;
Reitschel et al., 1997; Masellis et al., 1998), 5-HT6 (Yu
et al., 1999), 5-HT7 (Masellis et al., 2001) as well as
the serotonin transporter (SLC6A4) gene (Arranz et al.,
2000a; Tsai et al., 2000). Although there have been
some positive reports of association, there is little cur-
rent evidence to suggest that variation within these
genes significantly influences clozapine's efficacy. 

In addition to significant affinities for serotonin
receptor subtypes, clozapine is also a dopamine recep-
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tor antagonist. Initial pharmacogenetic studies focused
on the relationship between the dopamine D4 receptor
gene (DRD4) and clozapine response (Rao et al., 1994;
Shaikh et al., 1995). DRD4 was an attractive candidate
gene because of clozapine's affinity for the D4 receptor
(Van Tol et al., 1992) and the identification of a com-
mon variable number of tandem repeat (VNTR) poly-
morphism within the putative third cytoplasmic loop of
the receptor with significant effects on the binding
affinity of the receptor for clozapine (Van Tol et al.,
1992). Most groups, however, have been unable to
detect a significant association between this variant and
clozapine response (Rao et al., 1994; Shaikh et al.,
1995; Reitschel et al., 1996; Kohn et al., 1997).
Ozdemir and colleagues (1999) have reported an asso-
ciation between a repeat polymorphism within the first
intron of DRD4 in a preliminary study of 50 patients -
however, correction for multiple testing could alter the
significance of these results. 

Another obvious candidate for pharmacogenetic stud-
ies of antipsychotic drug response is the dopamine D2

receptor gene (DRD2). To date, all known antipsychot-
ic drugs have potent affinities for the dopamine D2

receptor (Creese et al., 1976; Seeman 1992), and func-
tional brain imaging studies have suggested that
dopamine D2 receptor binding by antipsychotic agents
may be "necessary and sufficient" for antipsychotic
efficacy (Kapur and Seeman, 2001). However, there
are few common polymorphisms within the coding
regions of DRD2 (Gejman et al., 1994), and thus fewer
studies of DRD2 and antipsychotic drug response have
been conducted as compared with the 5-HT system.

Recently, two preliminary studies have reported evi-
dence that genetic variation within DRD2 is associated
with antipsychotic response (Malhotra et al., 1999;
Suzuki et al., 2000). Moreover, Shafer and colleagues
(2001) examined the relationship between haloperidol,
an antipsychotic drug with greater D2 affinity than
clozapine, and the DRD2 Taq1A polymorphism and
found that subjects with the A2/A2 genotype displayed
poorer clinical response than heterozygous patients (no
A1/A1 homozgotes were obtained). The distinction
between genotypic groups was evident at two weeks of
treatment, with 63% of heterozygous subjects meeting
response criteria versus 29% of subjects with the
A2/A2 genotype. Consistent with these results, recent-
ly reported preliminary data has suggested a relation-
ship between the Taq1 A2/A2 genotype and failure to
respond to risperidone (Mata et al., 2002), another
agent with greater D2 affinity than clozapine. Finally,
Suzuki and colleagues (Suzuki et al., 2001) have

reported a trend for an association between DRD2 and
response to the typical antipsychotic agents, bromperi-
dol and nemonapride. Therefore, many, though not all
(Arranz et al., 1998), studies suggest that variation
within DRD2 may significantly influence antipsychot-
ic drug response, particularly with agents with higher
affinities for the D2 receptor. Of note, recent data sug-
gest that both the Taq1A polymorphism and the -141C
Ins/Del variant are in linkage disequilibrium with a
silent substitution, C957T, that appears to have func-
tional consequences on mRNA stability and dopamine-
induced up-regulation of DRD2 gene expression (Duan
et al., 2003), and thus this variant needs to be further
assessed in pharmacogenetics studies of DRD2. 

Finally, examination of multiple genes, and multiple
SNPs, in order to identify sensitive and specific "pre-
dictor profiles" may be useful. A retrospective analysis
of 19 polymorphisms located within genes that code
for clozapine targets identified a grouping of 6 variants
that provided 76.7% success in predicting clozapine
response (Arranz et al., 2000b). As these data have not
yet been replicated (Schumacher et al., 2000), it will be
critical to conduct prospective studies of this profile
before these data can be considered to provide potential
clinical utility. Nevertheless, studies that begin to dis-
sect the complex interactions between genetic loci and
their effect on clinical phenotypes are likely to be nec-
essary for a greater understanding of the genetic con-
tribution to antipsychotic drug response.

PHARMACOGENETIC STUDIES 
OF WEIGHT GAIN

Another phenotype that has attracted interest in phar-
macogenetics is antipsychotic-induced weight gain.
Several lines of evidence suggest that antipsychotic
drug-induced weight gain may represent a powerful
phenotype for molecular genetic studies. First, in con-
trast to clinical symptom ratings, weight gain can be
defined more precisely with greater accuracy and reli-
ability. Moreover, related phenotypic measures may be
even less likely to be influenced by extrinsic factors
unrelated to weight gain and thus provide more statis-
tical power for genetic studies (Comuzzie and Allison
1998). These include assessment of body mass index
(BMI) and total fat mass, which can be measured reli-
ably and inexpensively in large samples, as well as
other biological correlates of weight gain such as fast-
ing glucose levels, insulin levels and circulating levels
of key neuropeptides such as leptin, adiponectin and/or
ghrelin. These measures also offer the advantage of
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being readily amenable to quantitative trait analyses
and thus may be more informative than the arbitrary
responder/non-responder criteria commonly used in
previous pharmacogenetic studies.

Another factor that suggests weight gain may be a
more robust phenotype for pharmacogenetic studies is
the large body of evidence on the heritability of weight
regulation. Twin, adoption and family studies demon-
strate that an individual's risk for obesity is significant-
ly increased if he or she has relatives who are obese
(Comuzzie and Allison, 1998). Moreover, 40-70% of
the variation in obesity-related phenotypes such as
BMI, skin fold thickness, fat mass, and leptin levels is
accounted for by genetic factors (Allison et al., 1996).
Of note, segregation analyses suggest that there may be
several genes that exert relatively large effects, with
reports of major genes accounting for as high as 40%
of the variation in BMI (Lee et al. 1997) and fat mass
(Comuzzie et al., 1995). Finally, animals in which sin-
gle genes are knocked out have been demonstrated to
exhibit marked alterations in eating behavior and obe-
sity (Tecott et al., 1995) - indicating that these genes
may play critical roles in weight regulation. Taken
together, these data suggest that the heritability of
weight regulation is relatively high, and thus weight
change may represent a more robust phenotype for
pharmacogenetic studies than symptom response, for
which little to no heritability data exist. 

Early pharmacogenetic studies of weight gain have
focused on the relationship between a promoter region
polymorphism, -759 T/C, in the 5-hydroxytrytamine
2C receptor (5-HT2C) gene and antipsychotic-induced
weight gain. Reynolds and colleagues (2002) studied
123 drug-naïve Han Chinese schizophrenia patients
and reported that this variant significantly influenced
weight gain following antipsychotic drug treatment.
Subjects with the T allele at this locus gained signifi-
cantly less weight than subjects with the C allele at 6
weeks (p < 0.0001) and at ten weeks (p = 0.0003) of
treatment. This effect was observed in patients on
risperidone (n = 46) or chlorpromazine (n = 69), in
males (n = 61) and in females (n = 62), and with exclu-
sion of subjects who were either underweight or obese
at baseline. None of the 27 subjects with the T allele
met criteria for severe weight gain (>7% increase from
baseline body weight) after six weeks of treatment, as
compared to 28% of the 96 subjects without the T
allele. Reynolds et al. (2003) extended this work and
reported an association between -759 T/C and weight
gain in a smaller group of clozapine-treated patients,
although this effect was only significant in males
(Reynolds et al., 2003). In contrast, two smaller studies

were unable to detect an association between 5-HT2C -
759 T/C and clozapine-induced weight gain (Basile et
al., 2002; Tsai et al., 2002). However, these studies
were restricted to chronic patients with far more exten-
sive prior antipsychotic drug treatment histories. More
data with larger data sets derived from more ethnically
heterogeneous populations (at least as compared to the
Han Chinese subjects used by Reynolds and col-
leagues) are needed to confirm the role of this variant
in antipsychotic drug-induced weight gain.

CONCLUSIONS

Converging data suggest that the identification of
molecular variants that influence antipsychotic drug
response may soon be feasible. Several studies have
suggested that variation in the dopamine D2 receptor
may influence clinical efficacy of antipsychotic drugs,
perhaps via a variant that influences mRNA stability
and translation. Moreover, variation in the 5-HT2C

receptor has recently been demonstrated to influence
antipsychotic-induced weight gain. Larger, more com-
prehensive studies are needed to confirm these results
but taken together; they suggest that pharmacogenetic
strategies may be critical towards gaining a more pre-
cise understanding of the mechanism of action of
antipsychotic drugs in the treatment of schizophrenia.
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