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Abstract

Background—A valinel®8methionine polymorphism in Catechol-O-methyltransferase (COMT)
modulates cortical dopaminergic catabolism and has been associated with schizophrenia. Consistent
with schizophrenia itself, during cognitive tasks, the risk (val) allele predicts less efficient prefrontal
cortex (PFC) physiology and worse performance, while during aversive stimuli viewing, this allele
predicts less limbic activation. Task-independent effects of this polymorphism in schizophrenia have
not yet been characterized.

Methods—Twenty-five medication-free patients (2846 years; 19 male) and forty-seven healthy
individuals (2948 years; 33 male) were genotyped for the COMT val'*8met polymorphism and
underwent two 60-second [**O]JH,0 regional cerebral blood flow (rCBF) positron emission
tomography (PET) scans (10 mCi/scan) during rest. Data were analyzed with a random-effects
general linear model using COMT genotype as a covariate.

Results—In patients, but not healthy individuals, val (risk) allele load predicted less regional
cerebral blood flow (rCBF) in the right dorsolateral PFC (DLPFC), right superior temporal gyrus,
and left precuneus, but greater rCBF in the amygdala and parahippocampal gyrus.

Conclusions—In schizophrenia, brain structures important for executive and affective processing
show activity that is differentially predicted by COMT allelic variation in an opposing manner even
at rest, providing evidence for the salience of prefrontal dopaminergic tone in task-independent,
basal-level neural activity.
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Introduction

The vall®8met single-nucleotide polymorphism (SNP) in the catechol-O-methyltransferase
(COMT) gene, which regulates dopamine catabolism, has garnered considerable attention in
schizophrenia research (1). The high-activity (val) allele is weakly associated with illness risk
(2) and results in inefficient prefrontal functioning and poor working memory performance in
healthy and patient subjects (1;3). Conversely, the low-activity (met) allele is associated with
anxiety and pain phenotypes and with greater limbic reactivity during viewing of aversive
images (4). Remarkably complementary results have been described in COMT genetically-
engineered mice (5).

Notably, previous imaging studies have used cognitive and affective tasks to demonstrate
schizophrenia-associated abnormal dorsolateral prefrontal (DLPFC) and limbic physiology,
respectively (6;7). Given continued evidence for aberrant prefrontal and limbic brain function
in schizophrenia during rest (8;9) and the lack of data regarding COMT effects on resting
neurofunctional topography in schizophrenia, we studied medication-free patients using [1°0]
H,0 PET, hypothesizing that COMT genotype is also relevant to PFC and limbic systems
function in the resting schizophrenic brain.

Methods and Materials

Results

Twenty-five patients (ages 18-43, mean 27.5+6.2; 19 male, 23 Caucasian/1 African-American/
1 Hispanic) meeting DSM-1V criteria for schizophrenia and 47 healthy individuals (ages 20-50,
mean 28.7+7.5, 33 male, 47 Caucasian) participated after providing informed consent as per
the NIMH IRB and NIH Radiation Safety Committee. COMT genotyping at the valt®8met
locus employed the TagMan 5’ exonuclease assay (10). Patients discontinued antipsychotic
medications four weeks before PET scanning and Positive and Negative Symptom Scale
(PANSS) ratings (11). Caffeine and nicotine were not permitted for four hours prior to
scanning.

An Advance PET scanner (GE, Milwaukee, WI) in 3-dimensional mode was used to measure
rCBF. After a transmission scan, participants were asked to quietly rest in the scanner with
eyes closed during two sixty-second scans, six minutes apart, each following intravenous
injection of [1°0]H,0 (10 mCi/injection). This PET method has the advantage of providing
an unequivocal, absolute measurement of resting rCBF. After attenuation-correction and
reconstruction, images were background-activity corrected, spatially normalized to Montreal
Neurological Institute space, smoothed (10 mm3 full-width half-maximum Gaussian kernel),
and proportionally scaled. Subsequently, each subject's scans were averaged then analyzed
with general linear modeling using SPM99 (Wellcome Department of Cognitive Neurology,
London, England). Using random-effects, regression analysis, we examined voxel-wise
correlations between rCBF and a covariate defined as the number of COMT met alleles carried.
Direct between-groups comparisons of genotype-rCBF relationships were accomplished by
ANCOVA, as implemented in SPM, in which beta weights for two regressors — one
representing genotypes of patients and the other genotypes of healthy volunteers — were
contrasted. We used a p<0.001 voxel-wise height threshold and extent threshold of 10 voxels.
Additionally, we applied a cluster-level correction of p<0.05 to results in neocortical regions
(12). Finally, we conducted a confirmatory region of interest (ROI) analysis (see Supplement).

Among patients, genotyping yielded five val/val, 12 val/met, and eight met/met; five val/val,
eight val/met, and six met/met were male. Among healthy participants, there were 15 val/val,
21 val/met, and 11 met/met; 12 val/val, 13 val/met, and eight met/met were male. No significant
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deviation from Hardy-Weinberg equilibrium existed. Age did not significantly vary between
genotype groups within patients, comparison subjects, or all participants.

PANSS ratings were available for all but one patient lost due to a transcription error. Average
ratings (£SD) on the total PANSS (maximum 210), and Negative (maximum 49), Positive
(maximum 49), and General Psychopathology (maximum 112) subscales were 74.7+£25.9, 21.4
+8.0, 18.2+8.5, and 35.1+12.6, respectively. These did not significantly vary between
genotypes.

In patients, COMT met allelic load robustly and positively correlated with rCBF in a right
middle frontal gyrus region (BA9/46; 26x,44y,32z). COMT met allelic load also positively
correlated with rCBF in right superior temporal gyrus (BA22; 56x,-48y,16z) and precuneus
(BA7; -2x,-70y,48z) regions. These findings were all significant after cluster-level correction.
COMT val allelic load positively correlated with rCBF (p<0.001,k>10) at the right amygdala
(BA34; 20x,2y,-20z) and left parahippocampal gyrus (BA28; -16x,2y,-32z). (Figures 1,2a,2b)

In healthy participants, COMT met allelic load positively correlated with rCBF in left orbital
cortex (BA47; -22x,14y,-16z) and middle temporal gyrus (BA21; -66x,-30y,-12z), and COMT
val allelic load positively correlated with rCBF in a cingulate gyrus (14x,8y,28z) region. No
other regions showed significant COMT effects in this group. In parametric analyses comparing
rCBF-genotype relationships between patients and healthy participants, only the right middle
frontal gyrus (BA9/46; 26x,42y,32z), adjacent inferior frontal gyrus (BA45; 60x,22y,16z),
superior temporal gyrus (BA22; 60x,-48y,20z), left precuneus (BA7; -6x,-68y,48z), and
parahippocampal gyrus (BA28; -16x,0y,-32z) showed significant between-diagnostic-group
differences, reflecting the robust COMT effects in these regions in patients but not comparison
subjects.

Discussion

In patients, we identified a relationship between COMT genotype and resting rCBF in brain
structures that are important in schizophrenia pathophysiology and where COMT effects during
executive and affective tasks have been previously demonstrated. These findings distinguished
patients from healthy participants, suggesting that in schizophrenia, resting-state
neurophysiology is differentially predicted by genetic variation in COMT-mediated
dopaminergic catabolism. Unlike prior investigations, all patients were medication-free,
ensuring that these results are not confounded by concurrent neuroleptic effects, a particular
concern when assessing dopamine-related parameters, such as COMT genotype that directly
impacts intrasynaptic dopamine levels.

In schizophrenic but not healthy participants, a robust correlation existed between DLPFC
rCBF and COMT genotype, extending the substantial literature linking task-associated DLPFC
physiology with the vall>8met SNP (3;13;14). Because of the relatively sparse concentration
of the dopamine transporter in prefrontal cortex, COMT plays a specific and potent role in
controlling prefrontal synaptic dopaminergic tone (1), suggesting that the present finding
reflects variation in DLPFC dopamine signaling. Prefrontal cortical dysfunction and abnormal
dopamine neurotransmission have long been implicated in schizophrenia pathophysiology and
may explain this remarkable sensitivity of prefrontal rCBF to genotype-related differences in
dopaminergic tone, even in the absence of an explicit task. Indeed, in line with prior PET studies
demonstrating reduced DLPFC rCBF during challenging executive tasks or resting-state
paradigms in individuals with schizophrenia (15), possession of the putative risk (val) allele
was associated with lower DLPFC resting rCBF.

Again, in patients but not healthy subjects, the reverse association existed between limbic rCBF
and COMT genotype; val carriers demonstrated greater rCBF in the parahippocampal gyrus
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and amygdala. Notably, previous research has documented COMT effects in these regions
during fMRI affective activation paradigms in healthy participants (4;14). The opposing
genotype effects on rCBF in limbic regions and DLPFC (Figures 2a,b) not only are consistent
with a dual (affective versus cognitive) role for COMT, as further substantiated by behavioral
experiments in genetically-engineered mice (5), but also suggest that regionally-specific
COMT regulation of catecholaminergic tone is important in understanding illness-associated
abnormalities of reciprocal frontolimbic interactions (16) as a genetically-determined trait.

The DLPFC and limbic genotype effects in this resting study — in opposite directions from
cognitive and affective task experiments, respectively — highlight the context-dependent nature
of COMT influences on neural activity and suggest that during rest, patients are not simply in
an attenuated cognitive or emotional state akin to previous experimental task paradigms, which
would likely result in attenuated but directionally congruent effects of COMT. During explicit
cognitive or emational tasks, in which external demands require increased dopamine-
dependent neural activity, lower dopaminergic tone in val carriers restricts prefrontal efficiency
(requiring greater activation at a given performance level) during executive challenge (1;3) but
limits limbic reactivity during exposure to emotionally evocative stimuli (4). However, at rest,
an internally-driven and necessarily uncontrolled state, it may be that val-carrying patients bias
neural activity, and perhaps even mental processes, toward those systems that are more
functionally robust to challenge (i.e. greater limbic and less prefrontal signaling), providing a
potential, mechanistic explanation for how dopaminergic tone could impact rCBF differentially
in disparate brain structures even at rest.

Though our study is not powered to confirm negative findings, the lack of genotype effects in
the DLPFC and limbic regions of healthy individuals suggests that in the neuropsychiatrically
intact brain, COMT-determined dopaminergic tone is not as critical a determinant of resting
neural activity in these regions. We speculate that in schizophrenia, frontolimbic and/or
dopaminergic system dysfunction — and perhaps associated psychopathology — allows for
greater impact of COMT effects on interindividual differences in resting brain physiology. In
healthy individuals, who have at their disposal a greater arsenal of neural resources to maintain
cognitive flexibility and affective resilience, the above postulated neural biases might be less
apt to develop. Additionally, the resting state in healthy individuals is unencumbered by
psychatic thought processes that could also potentially contribute to the observed genotype-
diagnosis interaction.

This is the first report of a relationship between the vall>8met SNP and activity in the superior
temporal lobe (STL) in schizophrenia, a finding that merits future investigation, given
substantial literature linking STL abnormalities with schizophrenia, particularly in
morphometric experiments (17) and fMRI studies of formal thought disorder (18). Consistent
with these results, a SNP (rs2097603) in the P2 promoter region of COMT is associated with
right STL gray matter volume variability in schizophrenia spectrum illness (19), inviting
speculation that medication-free, resting-state rCBF may be a sensitive measure for detecting
functional COMT genotype STL effects in schizophrenia.

Given male-female differences in COMT gene expression (1), future work powered to examine
sex-specific effects on COMT-resting rCBF relationships in schizophrenia is needed.
Additionally, because nicotine interacts with central dopaminergic systems and smokers were
not excluded, it is possible that tobacco use could have contributed to the present findings. To
minimize this possibility, we required four hours of abstinence from nicotine products prior to
testing procedures but cannot exclude very early withdrawal effects. These considerations
aside, the current study provides new evidence that in schizophrenia, cerebral structures
previously identified during task-dependent paradigms show COMT genotype effects even in
the resting state and without the confound of psychotropic medications.
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ary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient

Figure 1.

Statistical PET maps showing areas of significant correlation between COMT genotype and
mean resting regional cerebral blood flow (rCBF) in twenty-five, medication-free patients with
schizophrenia (right images) and forty-seven healthy volunteers (left images). Red indicates a
correlation with the number of met alleles carried and green indicates a correlation with the
number of val alleles carried. All regions shown meet an uncorrected voxel-wise height
threshold of p<0.001 and extent threshold of 10 voxels. Additionally, neocortical regions meet
a cluster-level correction of p<0.05. The right frontal, right superior temporal, precuneus, and
left parahippocampal regions indicated in patients also showed significant diagnostic group
interactions, indicating the absence of these COMT effects in healthy participants. None of the
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regions indicated in healthy volunteers showed significant between-diagnostic group
differences.
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Figure 2.

Figure 2a. Plot of mean resting regional cerebral blood flow (rCBF) in right dorsolateral
prefrontal cortex (DLPFC) and amygdala at the representative peak voxels of clusters showing
significant correlation with COMT genotype in patients with schizophrenia. Pearson's r =
-0.701; p<0.001; R Sq Linear = 0.491.

Figure 2b. Plot of mean resting regional cerebral blood flow (rCBF) in right dorsolateral
prefrontal cortex (DLPFC) and left parahippocampal gyrus at the representative peak voxels
of clusters showing significant correlation with COMT genotype in patients with schizophrenia.
Pearson's r = -0.418; p = 0.038; R Sq Linear = 0.175.
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