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Catechol-O-methyl transferase (COMT) val108/158met polymorphism impacts on cortical dopamine levels and may influence functional

magnetic resonance (fMRI) measures of task-related neuronal activity. Here, we investigate whether COMT genotype influences cortical

activations, particularly prefrontal activations, by interrogating its effect across three tasks that have been associated with the

dopaminergic system in a large cohort of healthy volunteers. A total of 50 participants (13 met/met, 23 val/met, and 14 val/val)

successfully completed N-Back, Go-NoGo, and Tower of London fMRI tasks. Image analysis was performed using statistical parametric

mapping. No significant relationships between COMT genotype groups and frontal lobe activations were observed for any contrast of

the three tasks studied. However, the val/val group produced significantly greater deactivation of the right posterior cingulate cortex in

two tasks: the Go-NoGo (NoGo vs Go deactivation contrast) and N-Back (2-back vs rest deactivation contrast). For the N-Back task, the

modulated deactivation cluster was functionally connected to the precuneus, left middle occipital lobe, and cerebellum. These results do

not support findings of prefrontal cortical modulation of activity with COMT genotype, but instead suggest that COMT val/val genotype

can modulate the activity of the posterior cingulate and may indicate the potential network effects of COMT genotype on the default

mode network.
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INTRODUCTION

Catechol-O-methyl transferase (COMT) is a major catabolic
regulator of synaptic catecholamine neurotransmitters.
COMT is particularly important for the regulation
of cortical dopamine levels, especially in the prefrontal
cortex, due to the relative lack of dopamine transporters in
these areas (Tunbridge et al, 2006). A missense COMT
val108/158met polymorphism functionally impacts on the rate
of COMT catabolism resulting in more efficient cortical
dopamine catabolism and lower synaptic dopamine levels in
val/val homozygotes (Chen et al, 2004). Converging

evidence from experimental animal and human studies
implicates COMT allelic variations in tuning cortical
dopamine levels and consequent function (Mier et al,
2009; Tan et al, 2009; Tunbridge et al, 2004). In humans, a
number of studies have examined the influence of
the COMT polymorphism on functional MRI activations
(see Table 1 for summary), employing different tasks and
analytical strategies. Initial studies clearly showed a
correlation between val allele genotype and frontal activa-
tions (Mier et al, 2009), with val/val homozygotes showing
the greatest activation (eg, see Egan et al (2001)). Increased
activation among val carriers is interpreted as being
indicative of inefficient prefrontal function secondary to
lower prefrontal synaptic dopamine levels, potentially due
to reductions in cortical noise (Winterer et al, 2006).
However, as is clear from Table 1, subsequent results have
been more mixed; 10 studies indicate that the val/val group
has increased frontal activations, whereas 7 studies show
the opposite effect. One interpretation of these results is that
decreased activations within the frontal cortex can be

Received 26 August 2010; revised 14 October 2010; accepted 3
November 2010

*Correspondence: Dr Paul Stokes, Psychiatry Group, 2nd Floor,
Cyclotron Unit, MRC Clinical Science Centre, Imperial College London,
Hammersmith Hospital Campus, Du Cane Road, London W12 0NN,
UK. Tel: + 44 208 383 3703, Fax: + 44 208 383 1783,
E-mail: paul.stokes@imperial.ac.uk
3These authors contributed equally to this work.

Neuropsychopharmacology (2011) 36, 763–771

& 2011 American College of Neuropsychopharmacology. All rights reserved 0893-133X/11 $32.00

www.neuropsychopharmacology.org

http://dx.doi.org/10.1038/npp.2010.210
mailto:paul.stokes@imperial.ac.uk
http://www.neuropsychopharmacology.org


explained by the use of emotional tasks (Mier et al, 2009)
such as facial emotion recognition (Drabant et al, 2006),
although studies using the N-Back (Sambataro et al, 2009)
and antisaccades (Ettinger et al, 2008) tasks have also
shown this direction of effect. Another possible interpreta-
tion is that the variations across studies represent different
tasks, or subprocesses within tasks, which have differential
sensitivity to variations in dopamine tone (Tan et al, 2007).
In this study, we sought to replicate previous studies

using the N-Back task and additionally selected two further
tasks, the Tower of London (TOL) and Go-NoGo, which
have also been associated with the dopaminergic system.
These additional tasks were selected to first interrogate
whether the COMT val108/158met polymorphism does have
selective effects on prefrontal cortical activations within the
same cohort of volunteers, and second to determine
whether COMT genotype may also impact on activations
in other associated cortical regions.
The first task, the N-Back, is known to be sensitive to the

effect of COMT genotype on prefrontal activations
(Caldu et al, 2007; Egan et al, 2001; Tan et al., 2007). We
selected the second task, the Go-NoGo task, to address the

relationship between response inhibition networks and
COMT genotype. A previous study of the motor response
effects during a response inhibition task showed that a
COMT val/val group produced reduced activation in the
inferior frontal gyrus and basal ganglia during both
inhibition and non-inhibition blocks (Congdon et al,
2009). The third task, the TOL, was chosen because of
extensive evidence linking both brain dopaminergic mar-
kers, dopaminergic manipulations, and dopamine release to
performance (Lappin et al, 2009; Mehta et al, 2005; Reeves
et al, 2005). These imaging studies in healthy volunteers, as
well as studies indicating reduced TOL performance in
volunteers with disease-related dopamine depletion (Lawr-
ence et al, 1998; Owen et al, 1996), implicate the striatal
dopaminergic system. However, we have recently provided
preliminary evidence of possible dopamine release in the
prefrontal cortex during performance of the TOL task
(Egerton et al, 2009), although direct evidence for the
involvement of prefrontal dopamine systems in accurate
planning is lacking.
In this study, we hypothesized that val/val homozygotes

would show the greatest prefrontal cortical activity during

Table 1 Independent Effect of COMT Genotype on Frontal fMRI Activations in Normal Volunteers

Study Task No. of
vols

COMT effect Statistical threshold

Egan et al (2001) N-Back 16 and 11 VV4MM: DLPFC po0.005 uncorr

Smolka et al (2005) Unpleasant visual
emotional

35 MM4VV: VLPFC and middle frontal gyrus po0.05 FDR corr

Blasi et al (2005) Variable attentional
control

23 VV4MM: ACC po0.05 FWE corr

Schott et al (2006) Word recall 49 VV4MM: right PFC po0.005 uncorr

Bertolino et al (2006a) N-Back 62 Met allele no. negatively correlated with
response in bilateral mid frontal lobe

po0.05 FWE corr in a 10mm ROI frontal sphere

Winterer et al (2006) Oddball task 44 MM4VC: bilateral medial frontal lobe po0.05 cluster corrected for ROI defined in
whole group

Bertolino et al (2006b) Recognition memory task 27 Met allele load: negative correlation
for VLPFC

po0.005 uncorr and FWE corr in a 10mm frontal
ROI

Drabant et al (2006) Emotional facial
recognition

101 MM4VV: right VLPFC po0.05 corr for a 35 voxel frontal ROI

Tan et al (2007) N-Back 29 VV4MM: DLPFC and VLPFC ROI’s po0.001 uncorr for a 10mm frontal ROI

Caldu et al (2007) N-Back 75 No effect po0.005 uncorr

Tan et al (2007) Numerical working
memory

24 VV4MM: right DLPFC po0.05 corr for a functionally defined frontal ROI

Ettinger et al (2008) Saccades 36 MM4VC: DLPFC and VLPFC during
antisaccades

po0.05 corr for a 10mm frontal ROI

Bishop et al (2008) Verbal and spatial problem
solving

22 VV4MM: right DLPFC po0.05 corr for DLPFC volume

Prata et al (2008) Verbal fluency 48 MM4VV: ACC po0.001 uncorr

Congdon et al (2009) Response inhibition 43 MM/VM4VV: in all 4 ROI’s during both Go
and StopInhibit blocks

po0.05 corr for right IFC, right STN, right SMA,
right GP ROI’s

Sambataro et al (2009) N-Back 75 VV4MM: DLPFC MM4VV:VLPFC po0.05 corr for 20mm DLPFC and VLPFC ROI’s

Rasch et al (2010) Emotional pictures 56 MM4VM/VV: medial PFC po0.001 uncorr

De Frias et al (2010) N-Back 22 VV4MM: Superior DLPFC sustained activity
during maintenance

po0.05 corr for 3 ROIs

Camara et al (2010) Reward gambling task 36 VV4MM: ACC gain 4 loss po0.01 corr for cluster

Abbreviations: ACC, anterior cingulate; corr, corrected; DLPFC, dorsolateral prefrontal cortex; GP, globus pallidus; IFC, inferior frontal cortex; MM, met/met genotype;
ROI, region of interest; SMA, supplementary motor area; STN, subthalamic nucleus; uncorr, uncorrected; VC, val carriers; VLPFC, venterolateral prefrontal cortex;
V V, val/val genotype.
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the N-Back and TOL tasks, with the opposite effect during
the response inhibition Go-NoGo task. We also sought to
identify regions that were functionally connected to cortical
areas sensitive to COMT genotype and hypothesized that
COMT genotype would alter the strength of these functional
connections.

MATERIALS AND METHODS

A total of 65 healthy male and female volunteers (28–61
years of age, mean 43.0 years) were initially recruited for the
study by means of public advertisement. To avoid ethnicity
effects, only white British volunteers, whose parents were
also white British, were recruited to the study. Volunteers
were free from any physical illness, had no history
of psychiatric disorder (as assessed using an abridged
non-patient version of the Structured Clinical Interview for
DSM-IV disorders (First and Pincus, 2002), and had not
previously used psychotropic medications. Ethical approval
for the study was obtained from the Hammersmith, Queen
Charlotte’s, and Chelsea Research Ethics committee, and all
participants gave written informed consent.

DNA Collection and Genotyping

DNA was extracted from saliva using Oragene DNA
Self-Collection Kits (DNA Genotek, Ottawa, Canada). The
genotyping of the Val158Met polymorphism (rs4680) in the
COMT gene was performed using the Amplifluor SNP
Genotyping System (Myakishev et al, 2001) according to the
manufacturer’s recommendations (Serologicals Corpora-
tion, Norcross, GA, USA). The allele-specific products
were resolved on an Analyst fluorescence plate reader
(LJL Biosystems, Sunnyvale, CA, USA).

MRI Acquisition

Functional MRI scanning was performed using a 3-Tesla
Philips Intera scanner (Best, Holland). Functional
T2*-weighted images were acquired using gradient-echo
echoplanar imaging, with an automated higher order shim
procedure (SENSE factor 2; TE 30; TR 3000ms; flip angle
901; FOV 280mm; voxel dimensions 2.2� 2.2� 2.75mm3).
Images were acquired in 48 contiguous 2.75mm axial
slices per brain volume. Three experimental tasks were
performed: an N-Back, a Go-NoGo, and a TOL task. The
total number of brain volumes acquired for each of these
tasks was 218, 154, and 169. The first five volumes of each
scan were discarded to account for T1 equilibration effects.
Functional images were acquired during a single run of
7min 42 s (Go-NoGo), 8min 27 s (TOL), and two runs of
5min 27 s (N-Back). A high-resolution T1-weighted TFE
structural scan was also acquired for each participant for
normalization purposes (TE 4.6ms; TR 9.7ms; Flip angle 81;
FOV 240mm; voxel dimensions 0.94� 0.94� 1.2mm3).

Functional Magnetic Resonance (fMRI)
Experimental Tasks

All tasks completed during fMRI scanning followed a block
design. Tasks were programmed with E-Prime, version 1.1
(Psychology Software Tools), and presented using the

Integrated Functional Imaging System (Invivo). All three
tasks were completed during the same fMRI session, in a
counter-balanced order.

N-Back task. This task of sustained attention with a
working memory component was derived from the original
version by Gevins and Cutillo (1993). A dot was presented
in one of four spatial locations, arranged horizontally across
the screen. Each location corresponded to a particular
button on a response pad. Participants were required to
press the button that corresponded to where the dot was
currently appearing (0-back), where the dot had appeared
one trial previously (1-back), or where the dot had appeared
two trials previously (2-back). Dots were presented for
500ms followed by a blank screen for 1500ms, with 12 dots
being presented in a block. Three ‘0-back’ blocks, three
‘1-back’ blocks, and three ‘2-back’ blocks were presented in
a pseudorandom order, interspersed with two blocks of a
low-level rest condition (eyes open and fixation on a cross
with no responses). Each block lasted for 24 s. Instructions
were presented for three seconds before the start of each
block. This version of the N-Back task with high demands
on continual updating of information stored has been
proposed as more sensitive to COMT val108/158met poly-
morphism than versions, which only require indication of
correct responses (Goldman et al, 2009).

Go-NoGo task. Participants viewed letters (F, H, K, P, S,
and V) presented on the screen and responded to each letter
with a button press, except for the letter ‘V’. Letters
were presented for 500ms followed by a blank screen for
1500ms, with 18 letters being presented in a block. During
the Go condition, all letters required a response (no ‘V’s
were presented). During the NoGo condition, the letter ‘V’
was presented on eight trials, in a pseudorandom order.
Five ‘Go’ blocks and five ‘NoGo’ blocks were presented in a
pseudorandom order interspersed with two blocks of a rest
condition (fixation). Each block lasted for 36 s.

TOL task. This planning task, derived from the one used by
Owen et al (1996), required participants to determine the
minimum number of moves that it would take to re-arrange
three colored balls from a start position to a target position.
Balls were positioned within three pockets, and each
pocket could hold a maximum of one, two, or three balls,
respectively. Participants were presented with a display
containing an upper ‘target’ section that indicated the final
position of the colored balls, and a lower ‘start’ section
that indicated the start position of the colored balls. They
were then asked to indicate the minimum number of moves
required to rearrange the balls via a single-finger keypad
response. During the ‘Count’ block participants were
requested to count the number of balls in both the start
and target pockets and again indicate this via a single-finger
keypad response. Four ‘Easy Plan’ blocks, four ‘Difficult
Plan’ blocks, and four ‘Count’ blocks were presented
in a pseudorandom order, interspersed with three blocks
of a rest condition (fixation). Each block lasted for 30 s,
however, trials within each block were self-paced. Instruc-
tions were presented for 3 s before commencement of
the blocks.
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fMRI Analysis

Quality of the functional images was assessed before
analysis using tsdiffana (http://imaging.mrc-cbu.cam.ac.uk/
imaging/DataDiagnostics). Functional image analysis was
performed using Statistical Parametric Mapping (SPM5;
Wellcome Department of Neurology, UCL) with Matlab
version 7.1. Pre-processing steps before statistical analysis
included motion correction and spatial normalization to a
standard template in MNI space (using the T1 SPM template
and resulting in voxels of dimension 2� 2� 2mm3).
Normalized images were smoothed with an 8mm full-width
half-maximum isotropic Gaussian kernel. Task conditions
(Go-NoGo: rest, Go, NoGo; N-Back: rest, 0-back, 1-back,
2-back, instructions; TOL: rest, count, easy plan, difficult
plan, instructions) were modelled with appropriate regres-
sors convolved with the standard hemodynamic response
function. To minimize the influence of signal changes
due to head movement, the six realignment parameters were
included in the design matrix. A temporal high-pass filter
(cutoff 256 s) was applied, and temporal autocorrelation was
modelled as an AR(1) process. Individual participant
images were analyzed at the first level to produce estimates
for the contrasts of interest. These images were then entered
into a second level random effects analyses using one-
sample t-tests (thresholded at po0.001 uncorrected) to
produce the main effects of tasks (activation and deactiva-
tions). A po0.001 uncorrected threshold was used as a
conservative approach that produces a larger task activation
mask for the subsequent genetic analysis compared with
a corrected threshold.
To investigate the effect of COMT genotype on fMRI

response, a full factorial model within SPM was used with
genotype group as a single factor with three levels (met/met,
val/met, and val/val; Prata et al, 2008). This model
accommodates the assumption of genetic co-dominance,
similar to a regression approach, but also allows for
other patterns of response to be detected. Explicit masks,
derived from the analyses of the main effects of the tasks
were used to constrain analyses to only those voxels that
were activated or deactivated by the task of interest.
An additional analysis, restricted to activated voxels of the
frontal lobe in line with the a priori hypotheses, was
performed by multiplying explicit task masks with a mask
comprised of the WFU PickAtlas (Wake Forest University,
NC) frontal lobe region of interest (ROI), comprised of
70 324 voxels, using image algebra within SPM5. This
additional procedure was performed to minimize potential
type II errors. Regions showing significant association with
COMT genotype (seed regions) were further explored using
a psychophysiological interaction (PPI) connectivity analy-
sis (Friston et al, 1997). This analysis shows brain regions
where the correlation with the seed regions changes
in different contexts; ie, context-dependent functional
coupling.
MNI coordinates produced from SPM were converted to

Talairach coordinates using a nonlinear transformation
algorithm (mni2tal; Brett et al, 2002). Localization of the
peak voxel in each cluster was identified using the Talairach
Client (http://www.talairach.org). All coordinates reported
here and within the Supplementary Information are MNI
coordinates and all results are overlaid on a single-subject

image T1-weighted image provided with SPM when
graphically presented. Results are reported using a voxel-
wise statistical significance threshold of po0.05 FWE
corrected for whole-brain multiple comparisons, although
for completeness we also report, but do not interpret,
results using a statistical threshold of po0.001 (uncorrected
for whole-brain multiple comparisons).

Statistical Analysis

All statistical comparisons, with the exception of the SPM
analysis, were performed using SPSS 16.0 (SPSS, Chicago,
Illinois). Genetic deviation from Hardy–Weinberg equi-
librium was determined using w2 test. Demographic
influences on COMT genotype were assessed either using
a one-way ANOVA for continuous data or using w2 test for
discontinuous data. Behavioral data were assessed using a
multivariate general linear model.

RESULTS

Participant Characteristics

A total of 56 volunteers were included in the final analyses.
Nine volunteers were excluded for the following reasons:
scanner failure (n¼ 3), genotyping failure (n¼ 4), disclo-
sure of dyslexia after scanning (n¼ 1), and brain structural
abnormalities (n¼ 1). In addition, because of poor func-
tional image quality, a further six volunteers were excluded
from the N-Back task, seven volunteers from the Go-NoGo
task, and nine volunteers from the TOL task. Therefore, the
final number of volunteers included in the analyses was
n¼ 50, n¼ 49, and n¼ 47 for the N-Back, Go-NoGo, and
TOL tasks, respectively.
COMT genotype did not deviate from Hardy–Weinberg

equilibrium for any of the three volunteer task groups
(N-Back: w2¼ 0.3, df 1, po0.6; Go-NoGo: w2¼ 1, df 1,
po0.4; TOL: w2¼ 1, df 1, po0.4). There were no significant
differences in age, predicted IQ (one-way ANOVAs, all
p40.2) or handedness (w2, all p40.8) between the COMT
genotype groups. Gender was included as a covariate in the
analyses of all three tasks as there were significantly more
females in the val/val and val/met genotype groups
compared with the met/met group for both the Go-NoGo
and TOL tasks (w2¼ 6.27, df 2, p¼ 0.04 and w2¼ 9.30, df 2,
p¼ 0.01, respectively), and at trend level significance for the
N-Back task (w2¼ 5.08, df 2, p¼ 0.08). Participant char-
acteristics are provided in Table 2.

Behavioral Data

For the behavioral results please see Table 3. None of the
performance measures differed between the COMT geno-
type groups.

Functional Imaging Data

Main effect of the tasks. All three tasks produced robust
activation of distributed networks, including frontal cortical
regions. Areas of activation for the N-Back task included the
middle and inferior frontal gyri, and inferior parietal cortex.
Areas of activation for the Go-NoGo task included the
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superior, middle, and inferior frontal gyri, and the posterior
cortex. Similarly, the TOL task produced activations in
these areas, and in addition activated the medial frontal

gyrus and the precuneus (for a summary of the main
activation coordinates for the three tasks see Supplementary
Table 1; activation maps for the main contrast of interest for
the N-Back, Go-NoGo, and TOL tasks are contained within
Supplementary Figures 1–4). Age had no significant
effect on either the activations or deactivations produced
by the main contrasts of interest (all p values 40.05 FWE
corrected).

Influence of COMT genotype on fMRI data.
N-Back task: For this task, we performed both parametric

and subtraction analyses. For the parametric analysis, there
was no effect of COMT genotype on the linear change in
activations with task difficultly. For the subtraction analysis,
we focussed on the most difficult condition (2-back) due to
the clear activation of brain regions consistent with previous
studies (Owen et al, 2005). The only differences with COMT
genotype were for the 2-back vs 0-back activation and 2-back
vs rest deactivation contrasts.
2-Back vs 0-back activation contrast: Val/val homozygotes

activated a small cluster of voxels within the inferior frontal
gyrus to a greater extent than the met/met homozygotes
(x¼�28 y¼ 28 z¼�2, cluster size 5 voxels, t¼ 3.55,
po0.001 uncorrected). Met/met homozygotes activated
regions within the superior parietal lobe (x¼ 32 y¼�76
z¼ 44, cluster size 10 voxels, t¼ 3.59, po0.001 uncorrected)
and the middle frontal gyrus (x¼ 38 y¼ 18 z¼ 40, cluster
size 6 voxels, t¼ 3.55, p¼ 0.001 uncorrected) to a greater
extent than the val/val homozygotes. None of these effects
survived correction for multiple comparisons across the
task network or frontal lobe networks.
2-Back vs rest deactivation contrast: Analysis of areas that

were deactivated during the task demonstrated that val/val
homozygotes and val/met heterozygotes exhibited greater
activity within the right posterior cingulate cortex than
met/met homozygotes (x¼ 10 y¼�58 z¼ 28, cluster size
140 voxels, t¼ 5.15, p¼ 0.03 FWE corrected; see Figure 1).

Go-NoGo task: For this task, the effect of inhibition trials
vs go trials constitutes the main contrast. Additional contrasts
against the null (or ‘rest’) trials were also performed. The only
contrast that showed significant effects of COMT genotype
was the NoGo vs Go deactivation contrast.
NoGo vs Go deactivation contrast: Val/val homozygotes,

compared with met/met homozygotes, activated a cluster in
the right retrosplenial region of the posterior cingulate
cortex (BA30) (x¼ 16, y¼�60, z¼ 14, t¼ 4.82, cluster size
82 voxels, po0.05 FWE corrected; see Figure 2)

TOL task: There was no significant difference between
genotype groups for the problem vs control blocks or the
task vs rest contrasts.
Task vs Control activation contrast: Val/val homozygotes

activated a cluster of 90 voxels in the inferior parietal region
(x¼�44, y¼�50, z¼ 42, t¼ 3.83, po0.001 uncorrected) to
a greater extent than met/met homozygotes. This effect did
not survive correction for multiple comparisons across the
task network.

PPI connectivity analysis: For the N-Back task, the
posterior cingulate region modulated by COMT genotype
on the 2-back vs rest deactivation contrast showed

Table 2 Participant Characteristics

Met/Met Val/Met Val/Val

N-Back (n) 13 23 14

Age, years 37.2 (3.4) 35.5 (2.5) 35.6 (3.1)

Gender (M/F) 9:4 7:16 6:8

Handedness (R/L) 12:1 22:1 13:1

Predicted IQ 120.1 (0.9) 119.0 (1.1) 117.1 (1.0)

Go-NoGo (n) 14 21 14

Age, years 40.2 (3.2) 35.4 (2.3) 35.6 (3.1)

Gender (M/F) 10:4 6:15 6:8

Handedness (R/L) 13:1 20:1 13:1

Predicted IQ 118.8 (1.4) 118.8 (1.1) 117.1 (1.0)

TOL (n) 12 23 12

Age, years 37.9 (3.7) 34.8 (2.4) 35.4 (3.6)

Gender (M/F) 9:3 5:18 5:7

Handedness (R/L) 11:1 22:1 11:1

Predicted IQ 120.3 (1.0) 119.6 (1.0) 117.4 (1.2)

Values are mean (SEM).

Table 3 Behavioral Data

Met/Met Val/Met Val/Val p-value

N-Back

0-Back errors 5.94 (1.17) 7.62 (0.85) 5.77 (1.23) 0.36

0-Back RT 1323 (54) 1352 (69) 1271 (84) 0.74

1-Back errors 9.50 (2.03) 9.88 (1.60) 8.69 (1.63) 0.90

1-Back RT 1049 (87) 1130 (109) 1273 (153) 0.50

2-Back errors 20.8 (2.99) 19.1 (2.40) 17.6 (3.51) 0.78

2-Back RT 1088 (110) 1106 (105) 1238 (183) 0.72

Go-NoGo

Go omission errors 1.69 (0.31) 1.73 (0.42) 2.00 (0.35) 0.86

Go correct RT 488 (34) 447 (19) 436 (31) 0.40

NoGo omission errors 1.25 (0.28) 1.42 (0.33) 1.21 (0.32) 0.88

NoGo correct RT 474 (25) 458 (19) 442 (21) 0.65

NoGo commission errors 1.87 (0.52) 2.65 (0.52) 3.79 (0.89) 0.16

TOL

Control errorsa 2.53 (0.56) 4.22 (0.52) 4.84 (0.52) 0.085

Control RT 1707 (114) 1650 (88) 1663 (86) 0.95

‘Easy’ errorsa 6.73 (0.66) 6.59 (0.44) 6.69 (0.86) 0.99

‘Easy’ RT 6385 (419) 5711 (484) 6286 (390) 0.43

‘Difficult’ errorsa 7.40 (0.74) 7.04 (0.57) 7.77 (0.74) 0.35

‘Difficult’ RT 11816 (1034) 11094 (672) 13356 (1498) 0.26

Abbreviation: RT, reaction time in msec
Values are mean (SEM), all comparisons one-way ANOVAs.
aAnalyses corrected for number of trials attempted; this did not differ between
COMT genotype groups.
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increased coupling with proximal posterior regions during
rest compared with the task blocks (Figure 3). The four
significant clusters of increased connectivity had peak
voxels in the precuneus (x¼�2, y¼�70, z¼ 42; cluster
size 6523 voxels, t¼ 7.04, po0.05 corrected), the right
(x¼ 32, y¼�62, z¼�38; cluster size 518 voxels, t¼ 5.9,
po0.05 corrected) and left cerebellum (x¼�30, y¼�40,
z¼�44; cluster size 187 voxels, t¼ 4.4, po0.05 corrected),
and left middle occipital lobe (x¼�48, y¼�80, z¼�4;
cluster size 136 voxels, t¼ 4.04, p¼ 0.072 corrected). There
were no statistically significant effects of COMT genotype

on the task-dependent posterior cingulate cortex connec-
tivity.
For the NoGo vs Go deactivation cluster, there was no

differential connectivity with the retrosplenial region of the
posterior cingulate cortex for the Go and NoGo blocks of
the task and no effect of COMT genotype.

DISCUSSION

The main aim of this study was to determine whether the
common functional polymorphism COMT val108/158met has

Figure 2 Significant correlation between COMT val/val genotype and right posterior cingulate deactivation during the Go vs NoGo contrast (thresholded
at 82 voxels for illustration purposes). Ordinate on bar chart shows degree of deactivation (Go 4NoGo).

Figure 3 Clusters of fMRI deactivation significantly functionally connected to right posterior cingulate deactivation during the 2-back vs rest deactivation
contrast (po0.05 FWE corrected, figure shows slices 24, 36, 44, and 64).

Figure 1 Significant correlation between COMT val/val and val/met genotype and deactivation of the right posterior cingulate during the 2-back task
(thresholded at 100 voxels for illustration purposes, left is left). Ordinate on bar chart shows degree of deactivation (rest 42-back).
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selective effects on prefrontal cortical activation across
three tasks that have previously been associated with
dopaminergic functioning in both drug modulation and
PET ligand studies. The main finding was modulation of the
posterior cingulate gyrus across two tasks, with greater
deactivation in the val carriers on the N-Back task when
compared with ‘rest’ and during response inhibition trials
compared with the Go trials. Interestingly, we did not detect
statistically significant associations between prefrontal
cortical activation and COMT genotype for any of the three
tasks used in the study using a combination of task-
appropriate subtraction and parametric analyses.
One explanation for the lack of frontal cortical COMT

effects over the three tasks could be that the study lacked
sensitivity or power to detect an effect. Indeed, small
clusters of activity which correlated with COMT genotype
were found in the inferior and middle frontal gyri for the
2-back vs 0-back contrast, although neither of these effects
survived correction for multiple comparisons, even after
restriction of the analyses to the frontal cortex. Nonetheless,
poor statistical power cannot be completely discounted, but
we contend it is unlikely to explain our results for a number
of reasons. First, we selected tasks that are known to be
particularly sensitive to COMT polymorphisms (N-Back;
Goldman et al, 2009) or with known sensitivity to
dopaminergic manipulations (TOL; Cheesman et al, 2005;
Egerton et al, 2009; Lappin et al, 2009; Owen et al, 1992;
Reeves et al, 2005; Rektorova et al, 2008) and response
inhibition (Go-NoGo; Hershey et al, 2004). Second, for the
TOL task we have recently demonstrated significant changes
in both striatal and prefrontal dopamine ligand binding
indicative of probable dopamine release during execution of
the task (Egerton et al, 2009; Lappin et al, 2009). Finally, the
number of volunteers included in our study exceeded the
average number of volunteers per study in the summary on
Table 1 (n¼ 44). The largest studies to date were either
unable to demonstrate an independent effect of COMT
genotype on N-Back activation maps (Caldu et al, 2007) or
described a COMT effect that relied on statistical correction
within small-frontal cortical ROIs (Bertolino et al, 2006b;
Drabant et al, 2006; Sambataro et al, 2009). However, it
should be noted that we used a more conservative region
based on the entire prefrontal cortical area as the ROIs used
in these published studies were all different.
Given these previous results, the findings from this

present study add to the literature questioning the degree to
which COMT val108/158met polymorphism independently
accounts for variations in recruitment of the prefrontal
cortex. However, this does not preclude an interaction effect
between the COMT val108/158met polymorphism and COMT
haplotypes (Meyer-Lindenberg et al, 2006) or other
dopaminergic genetic variants, such as dopamine transpor-
ter polymorphisms (Caldu et al, 2007), influencing pre-
frontal fMRI activations. It also does not preclude variations
in COMT genotype selectively modulating component
processes with the tasks. The use of block fMRI designs,
although efficient in detecting BOLD effects, may record
multiple processes potentially diluting process-specific
effects. For example, in a small group of volunteers, De
Frias et al (2010) recently suggested that COMT genotype
modulated prefrontal cortical activity depending on the
temporal dynamics of the BOLD signal, with transient

activity changes and sustained activity differences present
in the hippocampus and the prefrontal cortex, respectively.
Although COMT may not have a direct role in modu-

lating prefrontal cortical activation, we did find evidence
that COMT genotype effects fMRI activation in the right
posterior cingulate. Because of the relative nature of
contrasts in fMRI block designs the main contributor to
these effects cannot be fully determined. However, the
location of the modulatory effects in the posterior cingulate,
commonly associated with the default mode network, is
intriguing. The posterior cingulate is typically deactivated
when focussed attention is harnessed at the expense
of broadly monitoring the external environment or self-
referential thought (Buckner et al, 2008). Increases in
cognitive task load produce increased posterior cingulate
deactivation (McKiernan et al, 2003) and conversely
attentional lapses produce less posterior cingulate deactiva-
tions in normal volunteers (Weissman et al, 2006), although
not in patients with schizophrenia (Harrison et al, 2007).
We found greater posterior cingulate deactivations in the
val/val group across two task-specific deactivation con-
trasts, 2-back vs rest and NoGo vs Go, although the latter
was positioned more inferiorly within the retrosplenial
region. The results from these two contrasts show that at the
same task load, and to produce a similar level of behavioral
task achievement, the val/val group deactivated the poster-
ior cingulate to a significantly greater extent than the
met/met group. The implication of this finding is that the
greater deactivation in the val/val group may be a
consequence of decreased cortical dopamine levels second-
ary to the functional consequences of the polymorphism
(or vice versa in relation to the met/met group).
For the N-Back task, the region modulated by COMT

genotype also showed functional coupling with the pre-
cuneus and posterior cingulate regions. During rest,
coupling between the posterior cingulate and these other
posterior components of the default mode network was
increased compared with the 2-back blocks, indicating the
potential network level influences of COMT genotype. This
finding is also complemented by the recent demonstration
of decreased functional coupling between the posterior
cingulate cortex and anterior components of the default
mode network in val/val homozygotes compared with met
carriers when scanned at rest using fMRI (Liu et al, 2010).
As working memory performance has been found to
positively correlate with the connectivity strength of default
mode network components including the posterior cingu-
late (Hampson et al, 2006), we would suggest that further
exploration of the effects of COMT genotype on the default
mode network is important both at a behavioral and a
neurophysiological level.
In summary, we have shown that across three tasks

commonly used to examine dopaminergic basis of cognitive
function, the COMT val/met polymorphism does not
directly impact on frontal cortical fMRI activations. Instead,
we found that COMT val/val polymorphism results in
increased deactivation of the posterior cingulate during
N-Back and Go-NoGo tasks. These results imply that COMT
genotype status may indirectly impact on prefrontal
function through the modulation of the posterior cingulate
possibly via its connections with components of the default
mode network. Our results add to the literature in this area
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by specifying cognitive subprocesses that warrant further
investigation using tasks, which engage the posterior
cingulate cortex. Ultimately, we would suggest that the
careful separation of cognitive subprocess, a process already
begun by the Tan et al (2007) study defines the future of
further COMT fMRI studies.
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