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Efficacy and Side-Effects of Clozapine: Testing 
for Association with Allelic Variation in the 
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Genetic factors are supposed to play a major role not only in 
the etiology of psychiatric disorders but also in individual 
response to medications. To test the hypothesis that inter
individual differences in response to clozapine and the occur
rence of side-effects might be influenced by variations in the 
dopamine D 4 receptor gene, we examined frequencies of four 
known polymorphic sites affecting protein structure in the 
dopamine D 4 receptor gene in 149 patients with schizophrenia 
or schizoaffective disorder treated with clozapine. The 0 4 
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The neuroleptic agent clozapine stands out clinically as 
one of the "atypical" neuroleptics that retain antipsy
chotic efficacy in spite of being much less likely to cause 
unwanted extrapyramidal side effects (Meltzer 1995). 
Although 30% to 60% of patients unresponsive to other 
treatment benefit from clozapine, 40% to 70% do not 
(for review, see Kane 1992). These interindividual dif
ferences-also observed with respect to the occurrence 
of side-effects of clozapine-may be due to the individ
ual genetic make-up of the patient. Compared with the 
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polymorphisms included a 13-base pair deletion, which 
through a frameslzift leads to a truncated nonfunctional 
receptor protein. There were, however, no significant 
differences in genotype counts between responders and non
responders. Furthermore, no side-effect was found to be 
associated with genetic variants of the dopamine D 4 receptor. 
© 1996 American College of Neuropsychopharmacology 
[Neuropsychopharmacology 15:491-496, 1996] 

dopamine 0 2 receptor, clozapine shows an approxi
mately 10-fold higher affinity for the dopamine 0 4 re
ceptor (Van Toi et al. 1991), suggesting that the 0 2 re
ceptor is the primary target for all neuroleptics, and the 
dopamine 0 4 receptor the primary target for clozapine 
(Seeman et al. 1992). 

Interestingly, among the genes for the different 
dopamine receptors, the gene coding for the dopamine 
0 4 receptor shows an uniquely high degree of genetic 
variation in the human population, resulting in various 
structurally different receptor proteins (for review, see 
Propping and Nothen 1995). Aside from two amino 
acid substitutions, there are two repeat and two dele
tion polymorphisms. The first repeat polymorphism is 
located in exon 1 of the 0 4 receptor gene and is charac
terized by the one to threefold occurrence of a 12-base 
pair (bp) unit coding for four amino acids in the N-ter
minal end of the protein (Catalano et al. 1993; own ob
servation). A second repeat polymorphism with a 48-bp 
repeat unit is located in exon 3. It is represented in the 
third cytoplasmatic loop of the receptor protein that 
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contains two to 10 repeats of a motif of 16 amino acids 
(Van Tol et al. 1992). This region is likely to be involved 
in G-coupling of the protein to its effector systems. In 
vitro expression studies have shown that the repeat 
polymorphism influences binding of the atypical anti
psychotic clozapine (determined by competition with 
[3H] spiperone binding) (Van Tol et al. 1992; Asghari et 
al. 1994). 

The two deletion variants that were reported for the 
D4 receptor were both found in exon 1 of the D4 gene. 
The more 5' variant is a 21-bp deletion, which results in 
a loss of seven amino acids in the first transmembrane 
domain (Cichon et al. 1995). This is extremely rare, as it 
was observed only once in more than 500 unrelated in
dividuals. Functional consequences are obvious for the 
13-bp deletion, which was also found in exon 1 (Nothen 
et al. 1994). This mutation causes a frameshift, which re
sults in a downstream premature stop at codon 99. As 
such, it probably does not encode a functional protein 
and therefore is likely to be a null allele (complete loss 
of function) of the D4 receptor. It has an allele frequency 
of about 0.02 in the general population. 

Two amino acid substitutions were reported for the 
D4 receptor: a substitution of glycine by arginine at po
sition 11 (GlyllArg) (Cichon et al. 1995) and a substitu
tion of valine by glycine at position 194 (Val194Gly) 
(Seeman et al. 1994) (the latter variant observed only in 
individuals of African descent but not in Caucasians 
and therefore excluded from the present study). 

The existence of various genetically determined 
structurally different dopamine D4 receptor proteins in 
the human population raises the possibility that indi
vidual responsiveness to clozapine and/ or the presence 
of side-effects may be associated with the different D4 
alleles an individual carries. Two recent independent 
studies from the United Kingdom and the United States 
were unable to find an association between number of 
the 48-bp repeats and response to clozapine (Shaikh et 
al. 1993, 1995; Rao et al. 1994). However, as none of the 
four newly identified D4 receptor variants have been in
vestigated so far, the possibility remains that the vari
able response to clozapine across individuals may be 
influenced by variability of the D4 receptor gene. To test 
this hypothesis, we compared genotype counts of the 
D4 variants in schizophrenic and schizoaffective pa
tients classified with respect to clinical response to cloz
apine treatment. 

METHODS 

Patients 

The medical charts of 868 in-patients treated with cloza
pine at the Psychiatric Hospital of the University of Mu
nich during 1978 to 1994 were analyzed to evaluate the 
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efficacy and side-effects of clozapine. The efficacy of 
clozapine treatment was rated as follows: Worsening/ 
no change (group 0), slight improvement (group 1), 
marked improvement (group 2), and almost total re
duction in symptoms (group 3). 

Of the patients, 631 had been given the diagnosis of 
schizophrenia or schizoaffective disorder; 457 patients 
could be contacted and these were invited for a per
sonal interview. Of the 255 patients who were willing to 
cooperate, 231 patients finally were interviewed using 
the Schedule for Affective Disorders and Schizophre
nia-Lifetime Version (SADS-L) (Endicott and Spitzer 
1978). Furthermore an OPCRIT 3.3 checklist (McGuffin 
et al. 1991) was completed for each patient on the basis 
of a semi-structured diagnostic interview and an exami
nation of the case notes. All patients gave informed con
sent. Diagnosis was assigned according to DSM-IV cri
teria (American Psychiatric Association 1994). Patients 
were not included in molecular analysis unless they 
were of German descent and met DSM-IV criteria for 
schizophrenia or schizoaffective disorder. Furthermore, 
only patients were included who received a minimum 
of 200 mg (responder groups O to 1) or 100 mg (re
sponder groups 2 and 3) clozapine daily. We allowed 
lower daily doses for responder groups 2 and 3, be
cause improvement may also occur at lower doses. Pa
tients had to be treated with clozapine for at least 28 
days. As the duration of treatment is crucial and contro
versially discussed in defining response, we formed 
two further subgroups excluding patients with shorter 
duration of treatment than 56 days and 84 days, respec
tively. 

The mean age of the 149 patients (75 males, 74 fe
males) receiving clozapine for more than 28 days and 
fulfilling the above mentioned criteria was 31.1 years 
(SD 10.8) at treatment and 35.8 years (SD 10.8) at inter
view with a mean age of onset of 23.1 years (SD 8.2). Pa
tients were treated for 69.3 days (SD 40.2) with 415.1 mg 
(SD 202.7) clozapine. 

Eighty-four patients were treated for at least 56 days 
(mean duration 92.7, SD 39.5), 38 patients for at least 84 
days (mean duration 121.7, SD 43.2). 

One hundred thirty-seven patients had the diagnosis 
of schizophrenia, and 12 of schizoaffective disorder. 
One hundred twenty patients were given clozapine be
cause of treatment resistance (defined as having re
ceived at least two or more standard neuroleptics for at 
least 4 weeks before treatment with clozapine) and 29 
because they had experienced severe side-effects when 
treated with standard neuroleptics. 

Side-effects of clozapine treatment were ascertained 
as previously described (Naber et al. 1992). The follow
ing side-effects were observed (frequencies are given in 
brackets): EEG alterations including moderate to pro
found disturbance of background activity and paroxys-
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ma! episodes (43.6%), fatigue (33.6%), tachycardia 
(27.5%), weight gain (23.5%), hypersalivation (22.1 %), 
postural hypotension (17.4%), increase of liver enzymes 
(16.1%), obstipation (14.1%), ECG alterations (10.7%), 
leucocytosis (8.1 %), nausea/vomiting (7.4%), fever 
(6.7%), dermatologic signs (2.7%), leucopenia (2.7%), 
and delirium (0.7%). 

Laboratory Procedures 

Leucocyte DNA was isolated as described (Miller et 
al. 1988). 

The four variants located in exon 1 of the dopamine 
0 4 receptor gene were typed simultaneously using a 
polymerase chain reaction (PCR)-based restriction frag
ment length polymorphism (RFLP) assay. PCR was per
formed using primers D4exl.A (5'-ATGGGGAACCG
CAGCACC-3') and D4EX1.B (5'-CTCACCTCGGAG
TAGACGAAGAGC-3'). The PCR reaction was carried 
out in a 25 µl volume containing 40 ng genomic tem
plate, 10 pmol of each primer, 200 µmol/L of each 
dNTP, 50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 8.3), 
1.5 mmol/L MgC12, 10% glycerol, 5% deionized forma
mide, and 1 U Taq polymerase (Life Technologies). Af
ter an initial denaturation of 5 minutes at 95°C, 35 cycles 
of amplification of 30 seconds at 94°C, 30 seconds at 
57°C, and 30 seconds at 72°C and a final extension step 
of 5 minutes at 72°C were performed in a Perkin Elmer 
9600 thermocycler. PCR amplification resulted in a frag
ment of 290 bp. An aliquot (8 µl) of the PCR product 
was digested using 3U / sample of HpaII (Fermentas ). 
At the DNA sequence level the Gly llArg variant is 
characterized by a G~C substitution in nucleotide posi
tion +31 creating a recognition site for restriction en
zyme HpaII. Depending on the absence or presence of 
the polymorphic HpaII site either a fragment of 53bp 
(allele Glyll) or two fragments of 31 bp and 22 bp (al
lele Argll) are produced. Cleavage in a nonpolymor
phic Hpall site results in a constant fragment of 237 bp. 
This fragment was shorter in the presence of a one-fold 
12-bp repeat (225 bp), the 13-bp deletion (224 bp), or the 
21-bp deletion (216 bp). The latter variants were distin
guishable by different heteroduplex patterns. PCR 
products from sequenced heterozygotes for the 13-bp 
deletion, the 21-bp deletion, and the 12-bp repeat were 
used as standards. 

The region containing the 48 bp repeat in exon 3 was 
amplified using primers D4-3 (5' -GCGACT ACGTGG
TCTACTCG-3') and 04-12 (5'-GGTCTGCGGTGGAG
TCTG-3'). PCR conditions were chosen essentially ac
cording to the method by Lichter et al. (1993) with the 
exception that the initial denaturing step was extended 
to 5 minutes. 

PCR fragments were separated in 15% polyacryla
mide gels (acrylamide:bisacrylamide = 49:1) containing 
1 X TBE and visualized by silver staining (Budowle et 
al. 1991). 
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RESULTS 

Genotype counts are shown in Table 1. The 21-bp dele
tion was not observed in our sample. Data were ana
lyzed by either the x2 statistic (wherever admissable) or 
Fisher's exact test (FET) to test the null hypothesis that 
the distribution of alleles or genotypes between re
sponder groups is no different from chance distribu
tion. No significant differences were noted in the geno
type distribution of either the 48-bp repeat (x2 = 11.20, 
df = 9, p = .26), the 12-bp repeat (FET: p = .46), the 13-
bp deletion (FET: p = .94), or the GlyllArg substitution 
(FET: p = .37) among different responder groups. Al
leles 2 and 3 (I), alleles 4 and 5 (II), and alleles 6, 7, 8, 
and 9 (III) of the 48-bp repeat were pooled before x2 
analysis. Because of small cell counts genotypes 1/1 and 
III/III were eliminated from the analysis. No significant 
differences were observed in pooled allele frequencies 
of the 48-bp repeat (x2 = 10.17, df = 6, p = .12). 

Because frequencies of the rarer allele of the 12-bp re-

Table 1. Distribution of Dopamine D4 Receptor Genotypes 
in Clozapine-Treated Patients Relative to Clinical Response 

Responder-Group 

Genotype Counts 0 1 2 3 Total 

48-bp Repeat 
Genotype 

2/3 0 0 0 1 1 
2/4 6 3 6 3 18 
2/7 4 1 1 1 7 
3/4 1 3 1 2 7 
3/7 1 0 1 3 
4/4 14 14 29 16 73 
4/5 0 1 1 0 2 
4/6 0 0 1 0 1 
4/7 12 7 5 8 32 
4/8 1 0 0 0 1 
6/7 0 0 0 1 
7/7 0 1 1 0 2 
7/9 0 1 0 0 1 

12-bp Repeat 
Genotype 

1-f old/1-fold 0 1 0 0 1 
1-fold/2-fold 7 7 9 3 26 
2-fold/2-fold 33 24 36 29 122 

13-bp Deletion 
Genotype 

del/non-del 1 1 2 2 6 
non-del/non-de/ 39 31 43 30 143 

GlyllArg Substitution 
Genotype 

Gly11-Argll 2 0 0 1 3 
Glyll-Glyll 38 32 45 31 146 

Total 40 32 45 32 149 
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peat, the 13-bp deletion, and the GlyllArg polymor
phism were low and homozygotes rarely observed, sta
tistical tests of genotypic and allelic association were 
expected to reveal similar results. We therefore con
fined the analyses to test for genotypic association. 

Subgrouping of patients with respect to duration of 
treatment resulted in no differences of allele and geno
type distributions between responder groups with the 
exception of allele frequency distribution of the 48-bp 
repeat in patients receiving clozapine for a minimum 
duration of 56 days (x2 = 13.1, df = 6, p = .04). Type TTT 
alleles (alleles 6, 7, 8, and 9) were more often observed 
in responder groups O and 1. This result did not remain 
significant after correction for multiple testing. 

The incidence of side-effects is given in the descrip
tion of the patient sample. To compare distribution of 
genotypes and alleles between patients with and with
out specific side-effects, statistical analyses were per
formed as described for comparison of responder groups. 
Without correction for multiple testing genotype counts 
of the 12-bp repeat in patients with nausea differed 
when compared with patients without nausea (FET: p = 
.03). However, this difference was of no significance af
ter a correction for multiple testing. Analyses of other 
side-effects failed to detect statistically significant dif
ferences. 

The single person homozygous for the one-fold oc
currence of the 12-bp repeat showed no specific side-ef
fect, which was not observed in other patients. 

In general, allele frequencies found in the patient 
sample were similar to allele frequencies observed in 
healthy German persons (Erdmann et al. 1993, Nothen 
et al. 1994, Cichon et al. 1995). 

DISCUSSION 

Of patients resistant or intolerant to other antipsychotic 
agents, 30% to 60% respond to treatment with cloza
pine. No phenomenologic, demographic, and/or bio
logic factors are known that can consistently predict an 
individual's response or nonresponse to clozapine treat
ment and/ or the occurrence of side-effects. Speculation 
about the mechanism of action of clozapine has focused 
on its higher affinity for the dopamine D4 and the sero
tonin 5-HT receptors relative to other neuroreceptors, 
thus making these receptors important candidates to 
account for interindividual differences in clozapine re
sponse (Meltzer and Nash 1991; Van Tol et al. 1991). In 
the present study, we concentrated on a potential influ
ence of the dopamine D4 receptor. 

The gene coding for the dopamine D4 receptor 
shows a uniquely high degree of genetic variation in the 
human population resulting in various structurally dif
ferent receptor proteins. The first variants were re
ported by Van Tol et al. (1992) who observed a twofold 
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to eightfold 48-bp repeat polymorphism in exon 1 re
sulting in different D4 receptors. These receptors mani
fested a differing affinity for clozapine, raising the pos
sibility that response to clozapine may be attributable to 
these variants (Van Tol et al. 1992). However, two inde
pendent studies from the United Kingdom and the 
United States were unable to find an association be
tween number of repeats and response to clozapine 
(Shaikh et al. 1993, 1995; Rao et al. 1994). Also, a more 
recent study comparing pharmacologic binding profiles 
of different forms of the repeat variant could only de
tect small differences in affinity for clozapine between 
the different polymorphic forms (Asghari et al. 1994). 
Therefore, it was not too surprising that we failed to de
tect an effect of the 48-bp repeat in our German sample. 
However, none of the four newly identified D4 receptor 
variants have been investigated so far with respect to 
individual response to clozapine. The variants include a 
13-bp deletion, which leads to a truncated nonfunc
tional receptor protein. In our previous report on the 
identification of this null mutation, we described a sin
gle individual who was homozygous for this mutation 
(Ni::ithen et al. 1994). Such an individual provides the 
unique chance to study the function of the dopamine D4 
receptor protein by examining a person who com
pletely lacks the functional D4 receptor protein because 
of his homozygous state. Furthermore, it might be pos
tulated that the clinical effects of the D4 receptor antag
onist clozapine to some extent can mimic a loss of 
dopamine D4 receptor function. The clinical symptoma
tology of our proband demonstrates some similarity 
with the side-effects of clozapine, including diverse dis
turbances of the autonomic nervous system such as 
weight gain, disturbances of temperature regulation, 
sweating, and tachycardia (Baldessarini and Franken
burg 1991; Naber et al. 1989, 1992). In the present study, 
therefore, we not only focused on responsiveness to 
clozapine but also on the occurrence of side-effects. 

However, there were no significant differences in al
lele frequencies and genotype counts either between re
sponders and nonresponders or between patients in dif
ferent diagnostic categories. Whereas there was a modest 
tendency (nonsignificant after correction for multiple 
testing) of the one-fold occurrence of a 12-bp repeat in 
exon 1 to be more common in patients with nausea, no 
other side-effect was found to be associated with ge
netic variants of the dopamine D4 receptor. 

Shaikh et al. (1993) defined response as a 20-point im
provement on the Global Assessment Scale (GAS) and 
Rao et al. (1994) as a 20% or more decrease in Brief Psy
chiatric Rating Scale score and a Brief Psychiatric Rating 
Scale score less than 36 or a Bunney-Hamburg Global 
Psychosis Rating of less than 6. 

We defined four different groups to measure efficacy 
of treatment. Groups O (worsening/no change) and 1 
(slight improvement) can be viewed as nonresponders, 
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groups 2 (marked improvement) and 3 (an almost total 
reduction in symptoms) as responders. This should 
have enable smaller effects to be detected had they 
stemmed from a special group. We are aware of the 
problems inherent in investigations based on the analy
sis of medical records. Nevertheless, in the light of the 
restrictions attached to the use of clozapine and the per
sonal responsibility of the physicians, patients were 
carefully observed and clinically relevant data carefully 
noted. 

The time factor is critical in establishing treatment re
sponse. Although some patients may continue to im
prove for many months (Lieberman et al. 1994), signifi
cant improvement was observed within the first week 
of treatment, and this predicted a more favorable treat
ment response later (Stern et al. 1994). The critical issue 
remains determining when patients should be classified 
as nonresponders and what criteria should be used for 
deciding when to discontinue a treatment trial. Given 
the risk of agranulocytosis and the associated costs, 4 
weeks (mean duration 69.3 days) were considered the 
minimum in our patients for an adequate trial of anti
psychotic medication with clozapine. In this manner, 
we may have defined some patients as nonresponders 
who would have eventually improved after a longer 
course of treatment. On the other hand, medication had 
to be stopped in those patients with side-effects and lit
tle or no improvement on treatment. However, when 
only patients were included in the analysis who re
ceived clozapine for a minimum of 56 days, association 
data were similarly negative, although there was a ten
dency of the longer 48-bp repeat alleles to be more often 
observed in responder groups O and 1 (not significant 
after correction for multiple testing). In summary: if a 
substantial difference between responders and nonre
sponders existed, it should have been detected, al
though smaller effects might have been missed. It is 
also possible that existing effects may have been masked 
on account of the heterogeneity of the patient group. 
However, when the analysis was restricted to patients 
with the diagnosis of schizophrenia (n = 137) or to 
those who had been treatment resistant to other neuro
leptics (n = 120), similar negative results were obtained. 

Although the analyzed side-effects may also appear 
under treatment with other neuroleptics, clozapine has 
a side-effect profile that is in many ways distinct from 
standard typical antipsychotic drugs. The most com
mon side-effects include hypersalivation, orthostasis, 
EEG alteration, and weight gain, which theoretically 
could be attributable to the different D4 alleles. Taking 
into account the limited sample sizes of patients with 
specific side-effects, it is possible that an association of a 
mutation contributing only a small effect (perhaps in 
conjunction with other-as yet undefined-factors) 
may have been missed. 

Finally, there remains the possibility that variation in 
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regulatory sequences of the D4 receptor gene might in
fluence treatment response. This view seems to be sup
ported by the observation of Kennedy and co-workers 
(1994) who found a high predictive power when the 
48-bp repeat was combined with polymorphisms in 
noncoding areas, which they explained by the existence 
of functionally relevant variation in regulatory se
quences in linkage disequilibrium with the investigated 
markers. At the moment, however, no further data exist 
to support this hypothesis. The regulatory sequences of 
the D4 gene have yet to be defined at the molecular 
level. 

We may have also missed an existing association of 
the 48-bp polymorphism, because we had only tested 
for association with the number of the repeats. Further 
DNA sequence analysis of the repeat region indicated 
that the alleles vary not only in the number of repeat 
units but also in the sequence of the repeats and the or
der in which they appear (Lichter et al. 1993). Sequenc
ing of 178 subjects identified 19 different repeats in 25 
different haplotypes coding for 18 different amino acid 
sequencies. This second dimension of variation may 
have additional consequences on the binding character
istics of receptor variants. 

In summary, our findings do not support the hy
pothesis that the hitherto known coding mutations in 
the dopamine D 4 receptor gene account for the differ
ences in response to clozapine. The hope some have 
held for an easy and rapid test to inform patients in ad
vance about the possible outcome of treatment and any 
associated specific side-effects still remains unfulfilled. 
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