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Introduction
Tardive dyskinesia (TD) is a late-occurring effect of the

long-term use of antipsychotic medication for the treatment
of schizophrenia. It is characterized by excessive and invol-
untary movements, which can be persistent, and cause diffi-
culties in breathing, speech and mood. Several hypotheses
have been proposed regarding the pathophysiology of TD,
including dopamine receptor hypersensitivity[1], GABA in-
sufficiency[2], and structural abnormalities[3]. However, the
pathophysiology of TD is still not completely understood.

The cytochrome P450 enzyme debrisoquine/spartein-
hydroxylase (CYP2D6 and CYP1A2) plays an important role

in the metabolism of neuroleptic drugs[4]. CYP2D6 is consid-
ered a high-affinity, low-capacity metabolic clearance path-
way for typical antipsychotic drugs, whereas CYP1A2 is
considered to be a low-affinity, high-capacity metabolic clear-
ance pathway[5]. These enzymes have been shown to have a
gene-dose effect on the pharmacokinetics and clinical ef-
fects of neuroleptic drugs[6,7]. Genetic differences in CYP2D6
and CYP1A2 may mean that some patients have only less
active enzymatic forms, resulting in higher plasma levels of
the medication, and this may also allow prediction of good
response and propensity to side-effects. Polymorphisms
have been noted in the genes of these 2 enzymes[8,9]. Al-
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though more than 50 variant alleles have been reported to
date, most of them occur at rare frequencies and may not be
of practical significance. The CYP2D6 C100T polymorphism
and the CYP1A2 C163A polymorphism are some of the most
frequent gene mutations in Asian populations[10]. In addition,
there are numerous reports of an association between the
C100T and C163A polymorphisms and TD[4,11,12]. However,
the results of association analyses are still contradictory[13,14],
and little is known about the potential existence of an asso-
ciation in Chinese people.

In the present study, we investigated the association
between TD and the C100T polymorphism of the CYP2D6
gene and the C163A polymorphism of the CYP1A2 gene.

Materials and methods
Subjects  Patients with schizophrenia were recruited from

Guangzhou Psychiatric Hospital.  All subjects were diag-
nosed with schizophrenia according to DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders-Fourth Edition)
criteria by 2 psychiatrists who made independent assess-
ments based on case records and interviews with patients.
Evidence of TD was evaluated by using the Abnormal Invol-
untary Movement Scale (AIMS)[15]. In the AIMS, dyskinesia
is assessed in different regions of the body, including the
facial and oral regions, the extremities, and the trunk. Sever-
ity ratings were allocated using a 5-point ordinal scale from 0
to 4 (corresponding to none, minimal, mild, moderate and
severe, respectively).  Patients were considered to have TD
if there were at least moderate or severe abnormal involun-
tary movements in 1 or more of the 7 body areas examined, or
at least mild movements in 2 or more areas. Initially, the pa-
tients were divided into TD and non-TD groups. The TD
and non-TD groups were further evaluated by AIMS on 3
occasions over 6 months. Finally, a total of 91 patients with
persistent TD were defined as the TD group, and 91 patients
who were consistently without dyskinesis were defined as
the non-TD group. Each subject received a general medical
examination, and we also collected information on patient
age, duration of illness, and cumulative exposure to neuro-
leptic drugs in years.  It was established that all patients had
been treated with typical antipsychotics from at least one
chemical class for a minimum of 1 year.  The subjects were
genetically unrelated, and informed consent was obtained
from them or their guardians.

 Genotyping  Genomic DNA was extracted from periph-
eral blood lymphocytes by using the standard phenol-chlo-
roform method. A 272 bp fragment containing the C100T
polymorphism in exon 1 of the CYP2D6 gene was amplified
by polymerase chain reaction (PCR) using the forward primer

5'-CCATTTGGTAGTGAGGCAGGTAT-3' and the downstream
primer 5'-CCATCCATGTTTGCTTCTGGT-3'. PCR was ampli-
fied as described by Garcia-Barcelo[16] . The resulting PCR
products were incubated with 10 U HphI in the recommended
buffer at 37 °C overnight. Then the digested products were
electrophoresed on 12% polyacrylamide non-denaturing gel,
and stained with silver. The C allele was represented by 213
bp and 59 bp fragments, and the T allele was represented by
4 fragments: 213, 112, 101, and 59 bp.

 The C163A polymorphism in the CYP1A2 gene was de-
tected based on the method of Matsumoto et al[17].  A 318 bp
product was obtained by using the forward primer 5'-
CTACTCCAGCCCCAGAAGTG'-3 and the reverse primer 5'-
GAAGGGAACAGACTGGGACA-3'. PCR products were di-
gested with 10 U Bsp120I at 37 °C overnight. Then the di-
gested products were electrophoresed on 12% polyacryla-
mide non-denaturing gel, and stained with silver.  The A
allele yielded an uncut single 318 bp band, whereas the C
allele was represented by a 193 bp band and a 125 bp band.

 Statistical analysis  Statistical analysis was performed
with the SPSS 8.0 software package. Allele frequencies were
determined by counting alleles and calculating sample
proportions. Hardy-Weinberg equilibrium was confirmed by
using the χ2 test. Differences of genotypic and allelic distri-
bution between groups were analyzed by using the χ2 or
Fisher’s exact tests (when appropriate). Differences between
groups with respect to age, duration of illness and cumula-
tive exposure to neuroleptic drugs in years were assessed
using the Mann-Whitney U-test. Differences between
groups with respect to sex and smoking habits were assessed
by using the χ2 test. One-way ANOVA was used to compare
the mean AIMS scores for each of the genotypic classes.
Logistic regression was used to determine whether the
CYP2D6 T allele or the CYP1A2 C allele are additional risk
factors for TD. Covariates included age, sex, duration of
illness, and CYP2D6 and CYP1A2 genotype.

Results
Demographic and clinical features of subjects  The de-

mographic and clinical data for the patients are summarized
in Table 1. There was no significant difference in the female/
male ratios between  the TD and non-TD groups (P=0.759);
however, age, duration of illness, cumulative exposure to
neuroleptic drugs (in years) and the number of smokers were
significant variables which had to be adjusted for in subse-
quent logistic analyses.

Allele and genotype frequencies  The CYP2D6 C100T
genotype and the CYP1A2 C163A genotype were determined
by using PCR-RFLP (Figures 1, 2). The distribution of alleles
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and genotype frequencies for C100T and C163A in schizo-
phrenic patients is shown in Table 2.  No allele frequencies
deviated from Hardy-Weinberg equilibrium.

Association between genotype and TD  The frequency of
the CYP2D6 T allele was 64% in patients with TD and 52% in
those without TD.  A significantly higher frequency of the
CYP2D6 T allele was found in the TD group relative to the
non-TD group (χ2=4.28, P<0.05; OR= 1.60, 95%CI: 1.024–

2.510). The frequency of the CYP1A2 C allele was 38% in the
TD group and 24% in the non-TD group.  A significantly
higher frequency of the CC genotype and the CYP1A2 C
allele was seen in the TD group relative to the non-TD group
(χ2=7.76, P<0.05 for CC genotype; χ2=6.38, P<0.05 for C allele;
OR=1.94, 95% CI: 1.16–3.27).  Thus, the CYP2D6 gene C100T
polymorphism and the CYP1A2 gene C163A polymorphism
were associated with TD.

AIMS scores and genotype  Results from one-way ANOVA
analysis of AIMS scores against genotype class suggested
that there was no differences in the mean AIMS scores with
respect to different genotypes either in all TD patients or in
smokers only.

 Estimation of risk for TD  Because mean age, duration
of illness and cumulative exposure to neuroleptic drugs (in

Table 1.  Demographic and clinical features of subjects with schizo-
phrenia with or without tardive dyskinesia (TD).  Mean±SD.

                                              With TD       Without TD    P value

Sex (F/M)      35/56      33/58 0.759
Age (years) 63.19±11.71 51.11±9.42 0
Duration of illness (years) 34.58±12.54 24.49±9.41 0
Cumulative exposure to
neuroleptic drugs (years) 29.18±13.41 22.01±8.80 0
Number of smokers         43         30 0

Figure 1.  CYP2D6  C100T genotype as determined by PCR-RFLP.
M: 100 bp ladder; lane 1: CC genotype; lane 2: CT genotype; lane 3:
TT genotype.

Figure 2.  CYP1A2  C163A genotype as determined by PCR-RFLP.
M: 100 bp ladder; lane 1: AA genotype; lane 2: CA genotype; lane 3:
CC genotype.

Table 2.  Frequency distribution of genotypes and alleles for CYP2D6
and CYP1A2  for subjects with and without TD.

                                         With TD         Without TD      P value

CYP2D6  genotype
  CC 15 (0.18) 20 (0.26)
  CT 30 (0.36) 34 (0.44)
  TT 37 (0.46) 23 (0.30)
Allele
  C 60 (0.36) 74 (0.48)
  T 104 (0.64) 80 (0.52) 0.038
CYP1A2  genotype
  CC 10 (0.14) 6 (0.09) 0.021
  AC 36 (0.49) 20 (0.30)
  AA 27 (0.37) 40 (0.61)
Allele
  C 56 (0.38) 32 (0.24) 0.012
  A 90 (0.62) 100 (0.76)

Table 3.  AIMS scores for different genotypes in all TD patients or in
smokers only.  Mean±SD.

All TD patients TD patients who smoke P value

CYP2D6  genotype
 CC 7.87±3.60 (n=15)
 CT 6.90±2.83 (n=30) P>0.05
 TT 6.32±2.62 (n=37)

CYP1A2  genotype
CC 6.30±2.05 (n=10)      6.80±1.64 (n=5)
CA 7.22±2.97 (n=36)      6.28±2.26 (n=14) P>0.05
AA 6.81±3.38 (n=27)      6.81±3.83 (n=16)
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years) were significant variables in the two study groups,
we used logistic regression analysis to determine whether
any of sex, age, duration of illness, cumulative exposure to
neuroleptic drugs (in years), and CYP2D6 and CYP1A2 geno-
type are risk factors for TD. Mean age and duration of illness
were included in the logistic regression equations, but not
sex, cumulative exposure to neuroleptic drugs, or CYP2D6
or CYP1A2 genotype.

Discussion

We found that the frequency of the CYP2D6 T allele in
TD patients in the present study (64%) was higher than the
figure of 52% determined in a Japanese study[18]. For the
CYP1A2 C163A polymorphism, the frequency of the C allele
in our study was 62%, which is similar to the figure of 66%
found in an American population, but higher than the fig-
ures of 52% and 49.7% found in an African-American[5] and
a Japanese[16] population, respectively. Thus, there are
marked interethnic differences in the frequencies of these
polymorphisms.

The CYP2D6 gene is located on chromosome 22, and is
known to be polymorphic. The C100T polymorphism in this
gene is a C100→T mutation that causes a Pro34→Ser amino
acid substation, leading to the formation of an unstable en-
zyme with lower metabolic activity. A possible correlation
between TD and the CYP2D6 C100T polymorphism was pre-
viously examined by Ohmori et al[17]. These authors studied
100 Japanese subjects with schizophrenia who suffered from
TD due to long-term treatment with neuroleptic drugs. There
was a significant difference in the allelic distribution of
CYP2D6 C100T between subjects with and without TD. In
the present study, the CYP2D6 C100T genotype was found
to have a significant association with the total AIMS score,
and a modest association with TD occurrence. Similar re-
sults were reported by Liou et al[11], who studied movement
disorders in Chinese patients with schizophrenia from
Taiwan, China. They also found a modest association be-
tween TD and C100T genotype, but this positive finding
was only observed in male patients. Moreover, their find-
ings also support the correlation between AIMS score and
C100T polymorphism within the TD group. In the present
study, no significant differences in the genotype frequency
of the CYP2D6 C100T polymorphism were observed between
patients with and without TD. However, patients with TD
had a significantly greater frequency of the 100T allele com-
pared with those without TD. Our results indicate that
CYP2D6 C100T polymorphism may be associated with TD.

The CYP1A2 gene is located on chromosome 15. A re-

cent study in a sample of 236 healthy Caucasian volunteers
identified a single nucleotide polymorphism (C→A) in in-
tron 1 of the CYP1A2 gene at position 734, downstream from
the transcription initiation site. In that sample, subjects ho-
mozygous for the C/C genotype had, on average, 40% lower
CYP1A2 activity as measured by a plasma caffeine meta-
bolic ratio, in comparison with those homozygous for the A
variant[19]. In the present study, patients with TD had a sig-
nificantly greater frequency of CC genotype and C allele
compared with those without TD, which was consistent with
the findings of Basile et al[5], but the median AIMS scores
did not differ between individuals with the A/A, A/C, or C/C
genotypes. This, in our opinion, could be explained by small
sample size or differential pathology of TD in different racial
groups.

The results of logistic regression analysis demonstrated
that mean age and duration of illness were risk factors for
TD, but that, sex, cumulative exposure to neuroleptic drugs
(in years), and CYP2D6 and CYP1A2 genotype were not,
which suggests that genetic factors have a weaker associa-
tion with susceptibility to TD compared with mean age and
duration of illness.

It is necessary to address the fact that this study had
some limitations. First, the number of cases were limited,
thus there was low statistical power. Second, because mean
age, duration of illness and cumulative exposure to neuro-
leptic drugs (in years) were significant variables in the groups
with and without TD, the samples of the case-control study
were not fully pair-matched, which may produce false posi-
tive results. Third, although smoking status was confirmed
in 165 patients in the sample, detailed information on smok-
ing habits was unavailable. The extent of exposure to to-
bacco smoke positively correlates with CYP1A2 activity[20],
and smoking may also alter the risk for TD via a pharmaco-
dynamic effect of nicotine[21]. Therefore, interindividual dif-
ferences in smoking habits in our sample might have biased
our observations. Fourth, the C→A polymorphism may exert
a direct effect on the development of TD or, alternatively,
the polymorphism may be in linkage disequilibrium with a
nearby regulatory sequence such as a (G→A) polymorphism
in the 5'-flanking region of the CYP1A2 gene at position 2964
from the transcription initiation site[22]. Further studies are
warranted to test the association between this CYP1A2
(G→A) genetic polymorphism and TD risk in Asian popula-
tions.

In conclusion, the present study indicates that the
CYP2D6 T allele and the CYP1A2 C allele may be risk factors
for TD in Chinese people. Additional studies with a larger
sample size will be required to confirm our results in popula-
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tions comprising other racial groups, and to clarify the exact
role of the CYP2D6 and CYP1A2 genes with regard to risk
for TD.
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