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Objective: Deficits in working memory
and in prefrontal cortical physiology are
important outcome measures in schizo-
phrenia, and both have been associated
with dopamine dysregulation and with a
functional polymorphism (Val'98/158\et) in
the catechol O-methyltransferase (COMT)
gene that affects dopamine inactivation in
the prefrontal cortex. The purpose of the
present study was to evaluate in patients
with schizophrenia the effect of COMT geno-
type on symptom variation, working mem-
ory performance, and prefrontal cortical
physiology in response to treatment with
an atypical antipsychotic drug.

Method: Thirty patients with acute un-
treated schizophrenia were clinically eval-
uated with the Positive and Negative Syn-
drome Scale, underwent COMT Val/Met
genotyping, and entered an 8-week pro-
spective study of olanzapine treatment.
Twenty patients completed two 3-T func-
tional magnetic resonance imaging scans
at 4 and 8 weeks during performance of
N-back working memory tasks.

Results: There was a significant interac-
tion of COMT genotype and the effects of
olanzapine on prefrontal cortical function.
Met allele load predicted improvement in
working memory performance and pre-
frontal physiology after 8 weeks of treat-
ment. A similar effect was found also for
negative symptoms assessed with the Pos-
itive and Negative Syndrome Scale.

Conclusions: These results suggest that
a genetically determined variation in pre-
frontal dopamine catabolism impacts the
therapeutic profile of olanzapine.

(Am J Psychiatry 2004; 161:1798-1805)

ering memory is a neuropsychological construct

describing a set of cognitive processes involved in main-
taining and manipulating information to guide task-ap-
propriate behavior (1, 2). The prefrontal cortex plays a key
role in performance of working memory tasks in animals
and in humans (2-4). A number of studies have also in-
dicated that there is a physiological range of synaptic
dopamine-regulating activity of prefrontal cortical neu-
rons during working memory (5, 6). Excessive facilitation
or inhibition of dopamine signaling results in diminished
working memory performance (5). Functional imaging
studies in humans have largely been consistent with these
data (7-9).

Working memory deficits are cardinal features of schizo-
phrenia (10), and they are in part genetically determined.
Several studies have demonstrated familial aggregation of
schizophrenia with deficits in neuropsychological tests
sensitive to prefrontal lobe damage, including tests of
working memory (11, 12). Moreover, working memory
deficits scale linearly with degree of genetic loading for
schizophrenia (13).
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There is overwhelming evidence of dorsolateral pre-
frontal cortex involvement in working memory deficits in
schizophrenia (14-25). Moreover, there is converging evi-
dence that reduced dopamine signaling in the dorsolat-
eral prefrontal cortex may account for at least part of this
deficit (26-31). Catechol O-methyltransferase (COMT),
because it metabolizes released dopamine, plays an im-
portant role in modulating the activity of prefrontal cir-
cuitry during performance of working memory tasks. De-
spite the widespread distribution of COMT principally in
nondopaminergic neurons (32), pharmacological studies
have indicated that the catabolic flux of synaptic dopa-
mine through the COMT pathway is characteristic of the
prefrontal cortex in contrast to the striatum (33, 34). Of
note, studies of COMT knockout mice have demonstrated
that only dopamine levels (in contrast to other biogenic
amines) are increased and only in the prefrontal cortex
(35). Further, COMT inhibitors have been shown to im-
prove working memory in animals and in humans (36, 37).
This regionally specific effect may be due to the fact that,
in contrast to the striatum, dopamine transporters in the
prefrontal cortex are expressed in low abundance, not
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within synapses, and appear to have little if any impact on
synaptic dopamine levels (33, 34). These data strongly
support the notion that variation in COMT activity may
have neurobiological effects specific to the prefrontal cor-
tex. Recent studies in humans by Egan et al. (38) and Mat-
tay et al. (8) have demonstrated a relationship between a
common functional polymorphism (Val'%/158Met) in the
COMT gene with working memory performance and re-
lated dorsolateral prefrontal cortex physiology measured
with functional magnetic resonance imaging (fMRI). The
Val and Met alleles are codominant in accounting for a sig-
nificant variation in COMT enzyme activity and dopamine
catabolism in peripheral blood (39) and in human post-
mortem prefrontal cortex (unpublished data of J. Chen
and D.R. Weinberger). Relative to low-activity Met allele
carriers, carriers of the high-activity Val allele show in-
efficient cortical processing as reflected by lower perfor-
mance along with greater prefrontal cortical blood-oxygen-
level-dependent (BOLD) response. Several subsequent
studies in different patient populations have confirmed
the relationship between COMT and working memory per-
formance (40, 41). Furthermore, the high-activity Val allele
has been shown to be associated with risk for schizophre-
nia in several family-based association studies (38, 42).

Since treatment with second-generation antipsychotics
enhances working memory in some patients (possibly via
increasing prefrontal dopamine [43]), we hypothesized
that COMT genotype might interact with the effect of
atypical antipsychotic drugs on the prefrontal cortex in
patients with schizophrenia. Since working memory defi-
cits share some variance with negative symptoms and
since the latter have been associated with lower levels of
prefrontal dopamine, we also investigated the effects of
COMT genotype in determining differential improve-
ments in negative symptoms.

Method

Subjects and Treatment

We studied 30 patients (23 men and seven women; mean age=
28.6 years [SD=8.8]) suffering from an acute psychotic episode
who had been assessed with the Structured Clinical Interview for
DSM-1V Axis I Disorders (44). Fourteen patients had a diagnosis
of schizophrenia and were drug-free (mean=>5.6 months, SD=5.7)
at entry into the study. Sixteen had a diagnosis of schizophreni-
form disorder and were all drug-naive. These 16 patients were fol-
lowed longitudinally and confirmed to have a diagnosis of schizo-
phrenia. All patients were treated with olanzapine monotherapy.
Titration was allowed for the first 2 weeks, and then the dose was
kept constant until 8 weeks of treatment (mean dose=21.1 mg/
day, SD=7.6). Exclusion criteria were history of significant drug or
alcohol abuse, active drug use in the past year, head trauma with
loss of consciousness, and any significant medical condition.
While two of the patients had a history of sporadic drug use (can-
nabis), none of the patients had a history of chronic drug abuse.
These two patients underwent urinary screening for major drugs
of abuse at admission and the results were negative.

Symptoms were assessed at study entry and days 7, 14, 28 (4
weeks), and 56 (8 weeks) with the Positive and Negative Syndrome
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Scale. Other demographic information collected included length
of illness (mean=62.1 months [SD=76.8]), parental socioeconomic
status (Hollingshead scale: mean=29.2 [SD=15.9]), handedness
(Edinburgh Inventory: mean=0.75 [SD=0.45]), total IQ (WAIS-R:
mean==82.1 [SD=16]), and premorbid IQ (Italian version of Wide
Reading Achievement Test—Revised: mean=98.1 [SD=7.6]).

The present study was approved by the local institutional re-
view board. Moreover, after complete description of the study to
the subjects, written informed consent was obtained.

Genotype Determination

COMT Val'%8/158 Met genotype was determined as a restriction
fragment length polymorphism after polymerase chain reaction
amplification and digestion with NiallI (38).

Working Memory Paradigm

Working memory was assessed with N-back tasks as in earlier
reports (4). Briefly, “N-back” refers to how far back in the sequence
of stimuli that the subject had to recall. The stimuli consisted of
numbers (1-4) shown in random sequence and displayed at the
points of a diamond-shaped box. There was a non-memory-guided
control condition (0-back) that presented the same stimuli but
simply required subjects to identify the stimulus currently seen. As
memory load increased, the task required the recollection of a
stimulus seen one stimulus (1-back) or two stimuli (2-back) be-
forehand while continuing to encode additionally incoming stim-
uli. Performance data were recorded as the number of correct re-
sponses (accuracy) and reaction time.

FMRI Data Acquisition and Processing

Echo planar imaging BOLD fMRI data were acquired from 20 pa-
tients at 4 and 8 weeks as described previously (TE=30 msec, TR=2
seconds, 20 contiguous slices, voxel dimensions=3.75x3.75x5 mm)
(18) on a conventional GE 3-T machine equipped with a standard
head coil. Ten patients did not complete both fMRI studies or were
excluded for technical reasons. We used a simple block design in
which each block consisted of eight alternating 0-back and rest
(subjects were instructed to fixate the diamond on the screen)
conditions (each lasting 30 seconds). Similar blocks were used for
the 1-back or 2-back working memory conditions alternating with
the 0-back condition. Each task combination was obtained in 4
minutes and 8 seconds, 120 whole-brain scans. The first four scans
at the beginning of each time series were acquired to allow the sig-
nal to reach a steady state and were not included in the final anal-
ysis. The order of the task combinations was counterbalanced
across subjects but maintained within subjects across time.

All fMRI data were reconstructed, registered, linear detrended,
globally normalized, and then smoothed (10-mm Gaussian ker-
nel) before analysis within SPM 99 (45). The fMRI data were then
interrogated in two ways for high data quality (scan stability)
prior to inclusion in any further analysis. First the registration pa-
rameters were extracted and used to exclude subjects with exces-
sive interscan motion (>2 voxels translation, >1° rotation) (18).
Second, we used evidence of motor cortex activation as an inter-
nal activation standard for both intra- and interscan variability
(18). Since subjects responded using their right thumb, subjects
had to demonstrate activation of the contralateral (left) primary
motor cortex in comparison with rest (p<0.001). Subjects without
such activation were excluded based on the assumption that MRI
artifact of some kind remained in the data after reconstruction
and registration (N=3 of the 10 patients not providing fMRI data
for the study).

Statistical Analysis

The positive symptom, negative symptom, general psycho-
pathology, and total scores of the Positive and Negative Syndrome
Scale were entered into separate multivariate analyses of covari-
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TABLE 1. Regions of Activation During N-Back Working Memory Tasks That Significantly Differed From 4 Weeks to 8 Weeks
in Patients With Schizophrenia Receiving Olanzapine Treatment

Point of Maximal Difference

Montreal Neurological Institute Coordinates

Talairach Coordinates

Anatomical Area X y z X y z z Score
Caudate 19 -26 24 18 -24 23 4.9
Middle frontal gyrus (Brodmann’s area 9, 46) -34 22 30 -33 22 26 4.2
Cingular gyrus (Brodmann’s area 24) 19 15 36 18 16 32 3.9

ance (MANCOVAs) (covarying for the score at baseline and for
gender), with genotype as a between-subject factor and time as a
within-subject factor. For a qualitative analysis, the Positive and
Negative Syndrome Scale scores were entered into separate chi-
square analyses; 30% improvement from baseline at 8 weeks was
used as a cutoff to determine treatment response from nonre-
sponse. MANCOVA (covarying for gender) with genotype as a be-
tween-subject factor and time as well as N-back task (0-back, 1-
back, and 2-back) as within-subject factors were used to investi-
gate working memory data.

The fMRI data were analyzed as a time series modeled by a sine
wave shifted by an estimate of the hemodynamic response. Indi-
vidual subject maps were created by using one-sample t tests. The
resultant contrast images were then entered into second-level
(random effects) analyses for the two time points (4 and 8 weeks)
and then into analyses of covariance (ANCOVAs) (covarying for
performance and gender, p<0.001 uncorrected, cluster size eight
voxels). Statistically significant group differences (Table 1) were
reported as voxel-intensity z values. For anatomical localization,
statistical maxima of activation were converted to conform to the
standard space of Talairach and Tournoux (46).

Results

Genotype Determination

The genotype results for the patients were as follows:
Met/Met: N=5, Val/Met: N=17, and Val/Val: N=8; this dis-
tribution was consistent with Hardy-Weinberg expecta-
tions (x?=0.6, df=2, p>0.70). The three genotype subgroups
did not differ in any demographic variable other than gen-
der (x2=7.5, df=2, p<0.02). All subsequent analyses were
covaried for gender.

Symptoms

ANCOVA of the Positive and Negative Syndrome Scale
total score at baseline showed a significant main effect of
genotype (F=8.1, df=2, 27, p<0.001), with the Val/Met
group having a significantly higher score than the other
two groups (all p<0.05). Therefore, all subsequent analyses
were covaried for the baseline score. MANCOVA of Positive
and Negative Syndrome Scale total score (covarying for
the score at baseline) showed a significant effect of time
(F=19, df=3, 81, p<0.001) but no effect of genotype and no
interaction between genotype and time. Similar results
were obtained for the three subscale scores of the Positive
and Negative Syndrome Scale. The total, positive symp-
tom, and general psychopathology scores of the Positive
and Negative Syndrome Scale did not show any differen-
tial effect of COMT genotype in terms of response at 8
weeks (all x2<2.4, df=2, all p>0.25). On the other hand, neg-
ative symptom score showed a significant load effect (y?=
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6.2, df=2, p<0.04) for the Met allele in terms of the number
of subjects who responded (Met-Met: N=4 of 5; Val-Met:
N=9 of 17; Val-Val: N=1 of 8). Analogous results were ob-
tained by grouping subjects based on being a Met allele
carrier or not (Met/Met and Val/Met, N=22, Val/Val, N=8)
(x?=5.1, df=2, p<0.02).

Working Memory

MANCOVA of performance accuracy revealed a signifi-
cant effect of genotype (F=4.1, df=2, 26, p<0.02), N-back
load (F=98, df=2, 54, p<0.001), and time (F=12.6, df=1, 27,
p<0.001) and a significant interaction among genotype, N-
back load, and time (F=2.7, df=4, 54, p<0.03) (Figure 1).
Post hoc analysis with Tukey’s honestly significant differ-
ence indicated that at 4 weeks of treatment there was no
significant difference between the three genotype groups.
On the other hand, at 8 weeks of treatment there were sta-
tistically significant differences in 2-back task perfor-
mance between the Met/Met group and both the Val/Val
(p<0.01) and Val/Met (p<0.01) groups, indicating that the
Met/Met patients improved more than the other two groups
(Figure 1). Analogous results were obtained by grouping
subjects on the basis of having a Met allele or not. The in-
teraction between genotype, N-back load, and time was
again significant (F=4.7, df=2, 56, p<0.01), with Met carri-
ers performing significantly better at the 2-back task at 8
weeks than the other two groups (p<0.01, Tukey’s honestly
significant difference).

Similar statistical analyses on reaction time during per-
formance of the N-back working memory tasks revealed a
significant effect of N-back load (p<0.02, with 0-back be-
ing significantly faster than the other two conditions) but
no effect of genotype or time and no interaction .

fMRI

The genotypes of the 20 patients who completed the
fMRI part of the experiment were as follows: Met/Met: N=
5, Val/Met: N=12, Val/Val: N=3. Second-level (random
effects) ANCOVA across working memory load levels
showed that at 4 weeks of treatment patients had greater
activation in the working memory network, including the
dorsolateral prefrontal cortex (Brodmann’s area 9/46),
than they did at 8 weeks, suggesting that information pro-
cessing in the working memory network became more ef-
ficient during treatment. The inverse analysis (i.e., 4-week
activation less than 8 weeks) did not show any significant
differences. Subsequent analyses were performed to eval-
uate which of the three groups of patients contributed
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FIGURE 1. N-Back Working Memory Task Performance After 4 and 8 Weeks of Olanzapine Treatment in Patients With

Schizophrenia, by COMT Genotype

Percent Correct Responses

4 weeks
1-Back Task

4 weeks 8 weeks
0-Back Task

most to the working memory network becoming more ef-
ficient over the time period investigated. ANCOVAs of only
the 2-back fMRI data showed no difference at 4 weeks. At 8
weeks, locales in the dorsolateral prefrontal cortex (Brod-
mann’s area 46) and in the parietal cortex (Brodmann’s
area 7) showed the predicted genotype effects, with Val/
Val individuals having the greatest activation (i.e., being
least efficient), followed by Val/Met and then Met/Met in-
dividuals (Figure 2). The same analysis performed on 0-
back or 1-back data did not show any significant effect
even after lowering the statistical threshold to p<0.01. To
corroborate the latter analyses, we performed further
analyses. Contrast images of the 4-week versus 8-week
contrast for the 2-back condition were compared across
genotypes in a second-level random effects analysis to
show that the change in fMRI activation from 4 to 8 weeks
of olanzapine treatment was different across the genotype
groups. Again, locales in the dorsolateral prefrontal cortex
(Brodmann’s area 46: x=40, y=19, z=21; p<0.02) showed the
predicted genotype effects, revealing that from 4 to 8
weeks, Met/Met patients became more efficient, whereas
Val/Val patients did not, and that the differences in direc-
tionality of the two groups was significant.

Discussion

The results of the present study suggest that COMT
genotype contributes to variation in the cognitive and neg-
ative symptom response to olanzapine in patients with
schizophrenia. Specifically, we found evidence that Met al-
leles are associated with greater improvement in negative
symptom ratings, in working memory performance, and in
prefrontal cortical physiology. Our results are consistent
with other evidence that COMT genotype impacts prefron-
tal cortical information processing and that Met allele car-
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riers have a greater capacity for optimum prefrontal func-
tion. The specific mechanism by which this interaction
occurs is unclear. Both the Val/Met polymorphism in the
COMT gene and the pharmacology of olanzapine affect
prefrontal dopamine metabolism, a potentially convergent
mechanism of interacting benefit. In this sense, the
present data might be taken as the first evidence in hu-
mans that increasing prefrontal dopamine with atypical
antipsychotics can be clinically beneficial. However, it is
also conceivable that the combined effects of olanzapine
treatment and the Met allele are less specific, converging
through complex effects on the functional stabilization of
cortical organization.

The effect of COMT genotype on negative symptoms
was less straightforward than the effect on cognition and
physiology. While a quantitative analysis did not show any
differential effects of COMT on clinical symptoms, a qual-
itative analysis based on the frequency of good response
did show a specific albeit small effect on negative symp-
toms assessed with the Positive and Negative Syndrome
Scale. These data are consistent with the notion that de-
creased dopamine activity in the dorsolateral prefrontal
cortex contributes to negative symptoms in schizophrenia
(26, 47). They are also consistent with several imaging
studies that have suggested a specific relationship be-
tween reduced levels of dopamine in the dorsolateral pre-
frontal cortex and negative symptoms (48, 49). However, it
is also clear that the clinical response to olanzapine was
broader than the cognitive response, as most patients im-
proved in terms of psychotic symptoms. Thus, although
intriguing, the clinical importance of the COMT effect will
have to be explored in larger samples of patients.

Consistent with our hypothesis and with a load effect of
the Met allele, our data indicate that Met homozygotes im-
prove most, heterozygotes have intermediate improve-

http://ajp.psychiatryonline.org 1801



COMT GENOTYPE AND WORKING MEMORY

FIGURE 2. Effect of COMT Genotype on fMRI Activation Dur-
ing the 2-Back Working Memory Task in Patients With
Schizophrenia After 8 Weeks of Treatment With Olanzapine
and Mean fMRI Signal Change in the Dorsolateral Prefrontal
Cortex From 4 to 8 Weeks?
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a Regions showing a significant effect of genotype on fMRI activation
(voxel-wise p<0.001, uncorrected) are in red and shown in the three
orthogonal planes. In the dorsolateral prefrontal cortex (e.g., Brod-
mann’s area 46; x=40, y=19, z=21) and parietal cortex (e.g., Brod-
mann’s area 7; x=29, y=-55, z=47), Val/Val individuals showed a
greater fMRI response (and by inference, greater inefficiency, since
performance is lower) than Val/Met individuals, who in turn had
greater activation than Met/Met individuals. Plot of the mean fMRI
signal change in the dorsolateral prefrontal cortex at 4 and 8 weeks
of treatment with olanzapine indicates that Val/val individuals in-
crease their neuronal activity, Val/Met remain fairly stable, and Met/
Met individuals decrease their neuronal activity in the face of signif-
icant improvements in performance (i.e., increased efficiency).

ment, and Val homozygotes improve the least. Indeed, at
the level of prefrontal function (i.e., cognition, negative
symptoms, and fMRI response), Val/Val individuals show
little if any response. The load effect of the Met allele was
most evident in performance on the 2-back task, which
was the greatest working memory load used in the present
study. In other words, when the task becomes more diffi-
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cult, the effect of COMT genotype becomes more evident.
This effect was not present during the control task (0-
back), which does not specifically engage the working
memory circuitry. Moreover, this effect does not seem to
be dependent upon simple speed of processing, since the
reaction time data did not show any effect of COMT geno-
type. These data suggest, therefore, that COMT genotype
interacts with olanzapine treatment at the level of working
memory capacity. The fMRI results are consistent with the
cognitive data and provide potential insight into the un-
derlying mechanism of the effects. The results across all
working memory loads show that at 4 weeks of treatment,
all patients have higher activation in the working memory
cortical network than at 8 weeks of treatment. Since work-
ing memory performance improves from 4 to 8 weeks of
treatment, the 8-week fMRI data suggest that patients
tend to become more efficient over time (less activation
required for better performance) (18, 20). On the other
hand, the statistical analyses performed to assess the in-
teraction between genotype and time of treatment showed
that while at 4 weeks there was no significant difference
between genotype groups, at 8 weeks there was a load ef-
fect of the Met allele such that for 2-back task performance
the Met homozygotes became most efficient, specifically
in the dorsolateral prefrontal cortex. Analogous to the cog-
nition results, no such effect was found for the 0-back or 1-
back tasks (data not shown). These data are consistent
with earlier studies that indicated patients with schizo-
phrenia are inefficient at high working memory loads
when compared with healthy subjects (18, 20). The studies
by Egan et al. (38) and Mattay et al. (8) also showed that
dorsolateral prefrontal cortex inefficiency is associated
with COMT genotype, with Val homozygotes being the
least efficient. Our data are consistent with and extend
these prior studies by showing that 8 weeks of treatment
with olanzapine were more beneficial for Met homozy-
gotes, who became more efficient in the dorsolateral pre-
frontal cortex at higher working memory loads.

Limitations

Since our study involved only 8 weeks of treatment, we
cannot say whether this differential effect will be main-
tained over longer periods of time. However, since a load
effect of the Met allele has already been demonstrated in
clinically stable patients (38), we do not anticipate that
longer periods of treatment can reverse the effect of COMT
on working memory performance in schizophrenia. More-
over, for clinical reasons we did not acquire fMRI data dur-
ing working memory at baseline. Therefore, despite the
lack of genotype effects on the fMRI data at 4 weeks, the
study cannot rule out the possibility that olanzapine’s ef-
fects on working memory and prefrontal physiology are in
fact present in all of the patients by 4 weeks of treatment.
Indeed, it remains possible that the Val/Val group showed
an early improvement (within 4 weeks) in response to
olanzapine and reached a plateau, whereas the Val/Met
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and Met/Met groups showed a delayed response to olanza-
pine that was not evident until the 8th week of treatment.
However, this possibility seems somewhat unlikely based
on earlier data. In a previous study in clinically stable pa-
tients switched to olanzapine, Purdon et al. (50) reported
that the earlier cognitive benefits were evident after 6 weeks
of treatment. Also, the putative neurobiology of COMT reg-
ulation of dopamine metabolism in prefrontal synapses
would make this prediction counterintuitive in patients
with schizophrenia. Therefore, even if theoretically possi-
ble, it is unlikely that there was an early improvement in
our Val/Val group that reached a plateau within 4 weeks of
treatment.

As with all longitudinal studies, reliability of the data
might confound the results. Manoach et al. (51) have re-
ported poor reliability of the magnitude and spatial extent
of activation during the Sternberg Item Recognition Para-
digm within schizophrenia subjects across scanning ses-
sions. Despite limited test-retest reliability among patients
as individuals, averaged over the group, the identical net-
work of structures was activated over time (51). These au-
thors suggested that it is important to control for sources of
variation, both artifactual and intrinsic. We attempted to
control as much as possible for a series of factors poten-
tially contributing to variation. The three groups of pa-
tients did not differ at any time point in the degree of resid-
uals of motion correction as assessed with SPM 99 (all
p>0.40). Moreover, we controlled for task performance in
the statistical analysis. Another factor that could possibly
contribute to variation is differences in proceduralizing a
working memory task over time (52). However, we failed to
find any difference between the three groups of patients
over time in terms of reaction time, suggesting that this
possibility is not a major concern. Another factor that
speaks against the possibility that our data are significantly
affected by random error variability is the specificity and
consistency of the findings (found in the dorsolateral pre-
frontal cortex only for 2-back working memory task perfor-
mance). In other words, it is difficult to imagine that a pre-
dicted effect specific to the dorsolateral prefrontal cortex is
only due to artifactual systematic variance. Therefore, even
if poor test-retest reliability of fMRI working memory activ-
ity could be attenuating the sensitivity to improvements in
the Val/Val patients, on the same note it would also be true
that the improvement observed in the Met/Met patients
was likely a conservative estimate of the true improvement
that would have been observed if the N-back fMRI activity
had perfect test-retest reliability.

Another limitation of our data is that they are based on a
relatively small group of patients, particularly those with
Met/Met genotypes, who were our best outcome subjects.
Therefore, caution is warranted in interpreting our results.
However, we have several reasons to believe that our re-
sults are robust. First, we examined 30 untreated patients
with schizophrenia, a large fraction (N=16) of whom had
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never been treated with antipsychotics. Patients who have
never been treated provide a unique opportunity because
the findings are not complicated by issues of chronicity or
of pharmacological treatment. Another strength of our
study is the longitudinal within-subject design, which is
well suited and powerful to address issues related to re-
sponse to drug treatment. Further, despite the relatively
small study group size, the effect size of the difference in
performance on the 2-back version of our working mem-
ory task in Met homozygotes was 0.85, which, statistically
speaking, is a reasonably large effect size. Clinical experi-
ence suggests that cognitive improvement in working
memory is an infrequent phenomenon in patients with
schizophrenia, so that our small Met/Met subgroup may
be representative of subjects who show such improve-
ment. Third, the analysis of working memory data per-
formed by grouping subjects according to whether they
carry a Met allele or not, i.e., Met-Met and Val-Met sub-
jects (N=22) produced results consistent with that ob-
tained in the three groups of patients. The effect size of
these results was smaller (0.52) but still intermediate.
Fourth, another strength of our study is the fMRI compo-
nent, which is internally consistent with the neuropsycho-
logical data. Furthermore, the fMRI data represent an un-
biased in vivo measure of the change of neuronal activity
during performance of the behavioral task. It has to be un-
derlined that the statistical threshold used for the fMRI
data is conservative (p<0.001), further speaking to the ro-
bustness and genetic specificity of the findings. The effect
size of the difference in fMRI signal change in Met ho-
mozygotes between 4 and 8 weeks of treatment was 0.88,
which again is a large effect size.

In conclusion, our data suggest that 8 weeks of treat-
ment with olanzapine differentially enhances working
memory performance and related dorsolateral prefrontal
cortex efficiency in patients according to COMT genotype:
patients homozygous for the Met allele show greatest im-
provements (higher performance and reduced dorsolat-
eral prefrontal cortex inefficiency as defined by reduced
neuronal activation); patients heterozygous have interme-
diate improvements; patients homozygous for the Val al-
lele have the least if any improvements. Our data may sug-
gest that increased prefrontal levels of dopamine induced
by olanzapine have a greater impact in Met/Met individu-
als, possibly because the effect lasts longer or crosses a
threshold in dopamine signaling that positively modulates
intrinsic prefrontal processing. Met/Met individuals also
may be more effective in compensating for other deficits
in prefrontal information processing that are intrinsic to
the disorder. This interpretation is consistent with data
suggesting that the COMT Val allele represents a suscepti-
bility allele for schizophrenia further compounding an
abnormality in information processing in the prefrontal
cortex (38, 53).

http://ajp.psychiatryonline.org 1803



COMT GENOTYPE AND WORKING MEMORY

Received July 10, 2003; revision received Jan. 12, 2004; accepted
Jan. 29, 2004. From the Department of Psychiatric and Neurological
Sciences (Psychiatric Neuroscience Group, Section on Mental Dis-
orders) and the Department of Medical Biochemistry and Medical
Biology, University of Bari, Italy; the Clinical Brain Disorders Branch,
National Institute of Mental Health, Bethesda, Md.; the Department
of Neuroradiology, IRCCSS “Casa Sollievo della Sofferenza,” San
Giovanni Rotondo (FG), Italy; and the Institute of Psychiatry and Clin-
ical Psychology, University of Foggia Department of Medical Sciences,
Foggia, Italy. Address reprint requests to Dr. Bertolino, Dipartimento
di Scienze Neurologiche e Psichiatriche, Universita’ degli Studi di Bari,
Piazza Giulio Cesare-9, 70124, Bari, Italy; bertolia@psichiat.uniba.it
(e-mail).

The present study was supported by an unrestricted grant from Eli
Lilly and Company.

The authors thank Alessandra Torraco, Ph.D.; Nicola Antonucci,
M.D.; Rosa Dambrosio, M.D.; Terry Goldberg, Ph.D.; Richard Coppola,
Ph.D.; Valeria Rubino, M.D.; and Riccarda Lomuscio, B.A. for their
contributions. The authors also thank the patients who participated
in the study.

References

1. Baddeley A: Human Memory: Theory and Practice. New York,
Taylor & Francis, 1990
2. Goldman-Rakic PS: The physiological approach: functional ar-
chitecture of working memory and disordered cognition in
schizophrenia. Biol Psychiatry 1999; 46:650-661
3. Cohen ]D, Perlstein WM, Braver TS, Nystrom LE, Noll DC,
Jonides J, Smith EE: Temporal dynamics of brain activation dur-
ing a working memory task. Nature 1997; 386:604-608
4. Callicott JH, Mattay VS, Bertolino A, Finn K, Coppola R, Frank JA,
Goldberg TE, Weinberger DR: Physiological characteristics of
capacity constraints in working memory as revealed by func-
tional MRI. Cereb Cortex 1999; 9:20-26
5. Lidow MS, Williams GV, Goldman-Rakic PS: The cerebral cortex:
a case for a common site of action of antipsychotics. Trends
Pharmacol Sci 1998; 19:136-140
6. Seamans JK, Gorelova N, Durstewitz D, Yang CR: Bidirectional
dopamine modulation of GABAergic inhibition in prefrontal
cortical pyramidal neurons. ] Neurosci 2001; 21:3628-3638
7. Mattay VS, Callicott JH, Bertolino A, Heaton I, Frank JA, Coppola
R, Berman KF, Goldberg TE, Weinberger DR: Effects of dextro-
amphetamine on cognitive performance and cortical activa-
tion. Neuroimage 2000; 12:268-275
8. Mattay VS, Goldberg TE, Fera F, Hariri AR, Tessitore A, Egan MF,
Kolachana B, Callicott JH, Weinberger DR: Catechol O-methyl-
transferase val158-met genotype and individual variation in
the brain response to amphetamine. Proc Natl Acad Sci USA
2003; 100:6186-6191
9. Mehta MA, Owen AM, Sahakian BJ, Mavaddat N, Pickard JD,
Robbins TW: Methylphenidate enhances working memory by
modulating discrete frontal and parietal lobe regions in the
human brain. | Neurosci 2000; 20:RC65
10. Weickert TW, Goldberg TE, Gold JM, Bigelow LB, Egan MF, Wein-
berger DR: Cognitive impairments in patients with schizophre-
nia displaying preserved and compromised intellect. Arch Gen
Psychiatry 2000; 57:907-913
11. Faraone SV, Seidman LJ, Kremen WS, Toomey R, Pepple JR, Tsu-
ang MT: Neuropsychological functioning among the nonpsy-
chotic relatives of schizophrenic patients: a 4-year follow-up
study. ] Abnorm Psychol 1999; 108:176-181
12. Egan MF, Goldberg TE, Gscheidle T, Weirich M, Bigelow LB,
Weinberger DR: Relative risk of attention deficits in siblings of
patients with schizophrenia. Am | Psychiatry 2000; 157:1309-
1316

1804 http.//ajp.psychiatryonline.org

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cannon TD, Huttunen MO, Lonngqyvist J, Tuulio-Henriksson A,
Pirkola T, Glahn D, Finkelstein ], Hietanen M, Kaprio J, Kosken-
vuo M: The inheritance of neuropsychological dysfunction in
twins discordant for schizophrenia. Am J Hum Genet 2000; 67:
369-382

Weinberger DR, Berman KF, Zec RF: Physiologic dysfunction of
dorsolateral prefrontal cortex in schizophrenia, I: regional ce-
rebral blood flow evidence. Arch Gen Psychiatry 1986; 43:114—
124

Bertolino A, Esposito G, Callicott JH, Mattay VS, Van Horn D,
Frank JA, Berman KF, Weinberger DR: Specific relationship be-
tween prefrontal neuronal N-acetylaspartate and activation of
the working memory cortical network in schizophrenia. Am
Psychiatry 2000; 157:26-33

Bertolino A, Sciota D, Brudaglio F, Altamura M, Blasi G, Bellomo
A, Antonucci N, Callicott JH, Goldberg TE, Scarabino T, Wein-
berger DR, Nardini M: Working memory deficits and levels of
N-acetylaspartate in patients with schizophreniform disorder.
Am ] Psychiatry 2003; 160:483-489

Callicott JH, Ramsey NF, Tallent K, Bertolino A, Knable MB, Cop-
pola R, Goldberg TE, van Gelderen P, Mattay VS, Frank JA,
Moonen CT, Weinberger DR: Functional magnetic resonance
imaging brain mapping in psychiatry: methodological issues il-
lustrated in a study of working memory in schizophrenia. Neu-
ropsychopharmacology 1998; 18:186-196

Callicott JH, Bertolino A, Mattay VS, Langheim FJ, Duyn J, Cop-
pola R, Goldberg TE, Weinberger DR: Physiological dysfunction
of the dorsolateral prefrontal cortex in schizophrenia revisited.
Cereb Cortex 2000; 10:1078-1092

Manoach DS, Press DZ, Thangaraj V, Searl MM, Goff DC, Hal-
pern E, Saper CB, Warach S: Schizophrenic subjects activate
dorsolateral prefrontal cortex during a working memory task,
as measured by fMRI. Biol Psychiatry 1999; 45:1128-1137
Manoach DS: Prefrontal cortex dysfunction during working
memory performance in schizophrenia: reconciling discrepant
findings. Schizophr Res 2003; 60:285-298

Barch DM, Sheline YI, Csernansky JG, Snyder AZ: Working mem-
ory and prefrontal cortex dysfunction: specificity to schizo-
phrenia compared with major depression. Biol Psychiatry
2003; 53:376-384

Carter CS, Perlstein W, Ganguli R, Brar J, Mintun M, Cohen JD:
Functional hypofrontality and working memory dysfunction in
schizophrenia. Am J Psychiatry 1998; 155:1285-1287
Quintana J, Wong T, Ortiz-Portillo E, Kovalik E, Davidson T,
Marder SR, Mazziotta JC: Prefrontal-posterior parietal networks
in schizophrenia: primary dysfunctions and secondary com-
pensations. Biol Psychiatry 2003; 53:12-24

Perlstein WM, Dixit NK, Carter CS, Noll DC, Cohen ]JD: Prefrontal
cortex dysfunction mediates deficits in working memory and
prepotent responding in schizophrenia. Biol Psychiatry 2003;
53:25-38

Menon V, Anagnoson RT, Mathalon DH, Glover GH, Pfeffer-
baum A: Functional neuroanatomy of auditory working mem-
ory in schizophrenia: relation to positive and negative symp-
toms. Neuroimage 2001; 13:433-446

Weinberger DR: Implications of normal brain development for
the pathogenesis of schizophrenia. Arch Gen Psychiatry 1987;
44:660-669

Akil M, Kolachana BS, Rothmond DA, Hyde TM, Weinberger DR,
Kleinman JE: Catechol O-methyltransferase genotype and
dopamine regulation in the human brain. ] Neurosci 2003; 23:
2008-2013

Grace AA: Phasic versus tonic dopamine release and the mod-
ulation of dopamine system responsivity: a hypothesis for the
etiology of schizophrenia. Neuroscience 1991; 41:1-24
Carlsson A: The current status of the dopamine hypothesis of
schizophrenia. Neuropsychopharmacology 1988; 1:179-186

Am | Psychiatry 161:10, October 2004



30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bertolino A, Knable MB, Saunders RC, Callicott JH, Kolachana B,
Mattay VS, Bachevalier |, Frank JA, Egan M, Weinberger DR: The
relationship between dorsolateral prefrontal N-acetylaspartate
measures and striatal dopamine activity in schizophrenia. Biol
Psychiatry 1999; 45:660-667

. Abi-Dargham A, Mawlawi O, Lombardo I, Gil R, Martinez D,

Huang Y, Hwang DR, Keilp J, Kochan L, Van Heertum R, Gor-
man JM, Laruelle M: Prefrontal dopamine D1 receptors and
working memory in schizophrenia. ] Neurosci 2002; 22:3708-
3719

Matsumoto M, Weickert CS, Akil M, Lipska BK, Hyde TM, Her-
man MM, Kleinman JE, Weinberger DR: Catechol O-methyl-
transferase mMRNA expression in human and rat brain: evi-
dence for a role in cortical neuronal function. Neuroscience
2003; 116:127-137

Sesack SR, Hawrylak VA, Matus C, Guido MA, Levey Al: Dopa-
mine axon varicosities in the prelimbic division of the rat pre-
frontal cortex exhibit sparse immunoreactivity for the dopa-
mine transporter. ] Neurosci 1998; 18:2697-2708

Moron JA, Brockington A, Wise RA, Rocha BA, Hope BT:
Dopamine uptake through the norepinephrine transporter in
brain regions with low levels of the dopamine transporter: ev-
idence from knock-out mouse lines. ] Neurosci 2002; 22:389—
395

Gogos JA, Morgan M, Luine V, Santha M, Ogawa S, Pfaff D,
Karayiorgou M: Catechol O-methyltransferase-deficient mice
exhibit sexually dimorphic changes in catecholamine levels
and behavior. Proc Natl Acad Sci USA 1998; 95:9991-9996
Liljequist R, Haapalinna A, Ahlander M, Li YH, Mannisto PT:
Catechol O-methyltransferase inhibitor tolcapone has minor
influence on performance in experimental memory models in
rats. Behav Brain Res 1997; 82:195-202

Gasparini M, Fabrizio E, Bonifati V, Meco G: Cognitive improve-
ment during Tolcapone treatment in Parkinson’s disease. ]
Neural Transm 1997; 104:887-894

Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzanti CM,
Straub RE, Goldman D, Weinberger DR: Effect of COMT Val108/
158 Met genotype on frontal lobe function and risk for schizo-
phrenia. Proc Natl Acad Sci USA 2001; 98:6917-6922

Lotta T, Vidgren ], Tilgmann C, Ulmanen I, Melen K, Julkunen I,
Taskinen J: Kinetics of human soluble and membrane-bound
catechol O-methyltransferase: a revised mechanism and de-
scription of the thermolabile variant of the enzyme. Biochem-
istry 1995; 34:4202-4210

Bilder RM, Volavka J, Czobor P, Malhotra AK, Kennedy JL, Ni X,
Goldman RS, Hoptman MJ, Sheitman B, Lindenmayer JP, Cit-
rome L, McEvoy JP, Kunz M, Chakos M, Cooper TB, Lieberman
JA: Neurocognitive correlates of the COMT Val(158)Met poly-
morphism in chronic schizophrenia. Biol Psychiatry 2002; 52:
701-707

Malhotra AK, Kestler L), Mazzanti C, Bates JA, Goldberg T, Gold-
man D: A functional polymorphism in the COMT gene and per-

Am | Psychiatry 161:10, October 2004

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

BERTOLINO, CAFORIO, BLASI, ET AL.

formance on a test of prefrontal cognition. Am J Psychiatry
2002; 159:652-654

Shifman S, Bronstein M, Sternfeld M, Pisante-Shalom A, Lev-
Lehman E, Weizman A, Reznik |, Spivak B, Grisaru N, Karp L,
Schiffer R, Kotler M, Strous RD, Swartz-Vanetik M, Knobler HY,
Shinar E, Beckmann JS, Yakir B, Risch N, Zak NB, Darvasi A: A
highly significant association between a COMT haplotype and
schizophrenia. Am J Hum Genet 2002; 71:1296-1302

Gessa GL, Devoto P, Diana M, Flore G, Melis M, Pistis M: Dissocia-
tion of haloperidol, clozapine, and olanzapine effects on electri-
cal activity of mesocortical dopamine neurons and dopamine
release in the prefrontal cortex. Neuropsychopharmacology
2000; 22:642-649

First MB, Spitzer RL, Gibbon M, Williams JBW: Structured Clini-
cal Interview for DSM-IV Axis | Disorders Research Version
(SCID-1). New York, New York State Psychiatric Institute, Biomet-
rics Research, 1996

Friston KJ, Holmes AP, Worsley K], Poline JB, Frith CD, Frackow-
iak RSJ: Statistical parametric mapping in functional imaging: a
general approach. Hum Brain Mapp 1995; 2:189-210
Talairach ], Tournoux P: Co-Planar Stereotaxic Atlas of the Hu-
man Brain: Three-Dimensional Proportional System. New
York, Thieme Medical, 1988

Deutch AY: The regulation of subcortical dopamine systems by
the prefrontal cortex: interactions of central dopamine sys-
tems and the pathogenesis of schizophrenia. ] Neural Transm
Suppl 1992; 36:61-89

Karlsson P, Farde L, Halldin C, Sedvall G: PET study of D1 dopa-
mine receptor binding in neuroleptic-naive patients with
schizophrenia. Am J Psychiatry 2002; 159:761-767
Tuppurainen H, Kuikka J, Viinamaki H, Husso-Saastamoinen M,
Bergstrom K, Tiihonen J: Extrastriatal dopamine D(2/3) recep-
tor density and distribution in drug-naive schizophrenic pa-
tients. Mol Psychiatry 2003; 8:453-455

Purdon SE, Jones BD, Stip E, Labelle A, Addington D, David SR,
Breier A, Tollefson GD (Canadian Collaborative Group for Re-
search in Schizophrenia): Neuropsychological change in early
phase schizophrenia during 12 months of treatment with olan-
zapine, risperidone, or haloperidol. Arch Gen Psychiatry 2000;
57:249-258

. Manoach DS, Halpern EF, Kramer TS, Chang Y, Goff DC, Rauch

SL, Kennedy DN, Gollub RL: Test-retest reliability of a functional
MRI working memory paradigm in normal and schizophrenic
subjects. Am J Psychiatry 2001; 158:955-958

Press DZ, Mechanic DJ, Tarsy D, Manoach DS: Cognitive slowing
in Parkinson’s disease resolves after practice. ] Neurol Neuro-
surg Psychiatry 2002; 73:524-528

Weinberger DR, Egan MF, Bertolino A, Callicott JH, Mattay VS,
Lipska BK, Berman KF, Goldberg TE: Prefrontal neurons and
the genetics of schizophrenia. Biol Psychiatry 2001; 50:825-
844

http://ajp.psychiatryonline.org 1805



