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Evidence from several lines of research suggests decreased
dopamine release in the prefrontal cortex as the neurochem-
ical correlates of cognitive deficits in schizophrenia (SCZ).
However, in vivo examination of cortical hypodopaminer-
gia using positron emission tomography (PET) during cog-
nitive task performance in SCZ remains to be investigated.
We examined dopamine release in anterior cingulate cortex
(ACC) and dorsolateral prefrontal cortex (DLPFC), using
PET while participants were performing a cognitive task.
Thirteen drug-free patients with SCZ and 13 healthy vol-
unteers (HV) matched for age and sex participated in the
study. Data were acquired between 2011 and 2015. Two
PET scans with ['"C]JFLB 457 were acquired while the
participants were performing the Wisconsin Card Sorting
Test (WCST) and a sensorimotor control task (SMCT).
A magnetic resonance image was acquired for anatom-
ical delineation. Differences in cortical dopamine release
between SCZ and HYV, indexed as percentage change in
binding potential between WCST and SMCT (ABP,,),
were calculated in ACC and DLPFC. We observed signifi-
cant differences in the ABP_ in ACC (HV = 4.40 * 6.00;
SCZ = —11.48 £ 15.08; ¢ = 3.52; P = .003) and a trend-
level difference in ABP_ in DLPFC (HV = —0.58 * 8.45;
SCZ =-7.79 £ 11.28; t = 1.84; P = .079), suggesting do-
pamine depletion in cortical brain regions in patients with
SCZ while performing a cognitive task. These results pro-
vide the first in vivo evidence for reduced dopamine release
or even dopamine depletion while performing cognitive task
in ACC and DLPFC in patients with SCZ. The present
results provide support for the frontal hypodopaminergia
hypothesis of cognitive symptoms in SCZ.
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Introduction

Cognitive deficits are a core feature of schizophrenia
(SCZ), predict later functional status,'® and can be
identified well before the onset of psychotic symptoms.’
Impaired executive functions are among the most widely
observed and consistent findings across cognitive studies
in patients with SCZ.3'! Executive functions rely heavily
on frontal lobes, importantly anterior cingulate cortex
(ACC) and dorsolateral prefrontal cortex (DLPFC).!
Several functional neuroimaging studies indicate
decreased frontal lobe activity in SCZ, which led to the
hypofrontality hypothesis.'*!'¢ Converging evidence from
several lines of research in both animals and humans
supported the concept of cortical hypodopaminergia as
the underlying neurochemical abnormality in cognitive
deficits.'7"®

Although positron emission tomography (PET) can
measure dopamine (DA) transmission in vivo, a few stud-
ies have directly examined cortical dopaminergic abnor-
malities in SCZ. Although earlier studies had examined
DA D, receptor availability in SCZ,***, a more recent
study investigated DA release in frontal cortex of SCZ
by using [''C]FLB 457, and the amphetamine challenge
paradigm,* reported blunted DA release in SCZ as com-
pared to matched healthy volunteers (HV).

PET radioligand displacement of the D, receptor an-
tagonist [!'C]raclopride by DA following acute adminis-
tration of amphetamine has been widely examined and
validated in the last 2 decades.”® However, studies with
[''C]raclopride are restricted to the striatum. Cortical re-
gions have a relatively low density of D, receptors® and,
accordingly, a suitable PET radiotracer should have very
high affinity. [''C]JFLB 457 represents a very high affinity
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D,/D, receptor ligand with desirable properties to study
cortical D, receptors.”’ It has proven sensitive to compe-
tition from endogenous DA, and amphetamine-induced
DA release results in a significant decrease in [''C]FLB 457
BP,, (binding potential of the radiotracer with respect to
the nondisplaceable compartment in the brain) in cortical
regions.?® A linear relationship between magnitude of DA
release, measured using microdialysis, and magnitude of
reduction in ['C]FLB 457 BP, measured using PET,
has been established, further validating the use of [''C]
FLB 457 to measure DA release in prefrontal cortex.”
A few studies have raised concerns about the quantitation
methods in view of specific binding in cerebellum, change
in cerebellum distribution volume with aripiprazole,
and [""C]FLB 457 may not fit the 1-tissue compartment
model.***! Despite these limitations, [''C]FLB 457 is supe-
rior to existing cortical D, receptor radioligands such as
[''Clfallypride, as it displays a higher signal-to-noise ratio
in cortical areas such as ACC and DLPFC.

It has also been shown that [''C]FLB 457 is sensitive
to competition from endogenous DA release following
a cognitive challenge in HV** as well as patients with
Parkinson’s disease.***® However, there are no in vivo
studies examining DA release in cortical brain regions
of SCZ during a cognitive challenge. This experimental
design would provide direct support for the cortical
hypodopaminergia hypothesis, which may explain the
cognitive deficits seen in SCZ. Accordingly, in this study,
we measured DA release in ACC and DLPFC in a unique
sample of drug-free patients with SCZ and matched HV
using ['"C]FLB 457 while performing an executive func-
tion test—the Wisconsin Card Sorting Test (WCST)—
that has been well documented to be impaired in SCZ."
We hypothesized that cognitive task—induced cortical DA
release in ACC and DLPFC will be decreased in SCZ
compared with HV.

Methodology

Subjects

In this study, 14 patients with SCZ and 14 HV were in-
itially enrolled and scanned. One patient and one con-
trol were excluded from the analysis because of excessive
head motion that could not be corrected. Hence, the total
number of individuals in the study was 26, with 13 partic-
ipants in each group. All patients were antipsychotic free,
whereas 5 of them were antipsychotic naive. All patients
had a diagnosis of SCZ, as determined using a structured
clinical interview for Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-1V) Axis
1 disorders,*® and none had a concurrent axis I disorder.
None of the HV had an axis I psychiatric disorder, as de-
termined with structured clinical interview for DSM-IV
Axis I disorders, or first-degree relatives with a major psy-
chiatric disorder. Exclusion criteria included current sub-
stance dependence/abuse or a positive urine drug screen,
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pregnancy or current breast feeding, a clinically signifi-
cant physical illness, the presence of metal implants in the
body precluding a magnetic resonance imaging (MRI)
scan, and claustrophobia.

Assessments

Clinical severity of psychotic symptoms was documented
using the Positive and Negative Syndrome Scale,”” which
is designed to measure severity of positive and negative
symptoms, in addition to the Scale for the Assessment
of Negative Symptoms,*® which is a sensitive instrument
for the measurement of negative symptoms. All sub-
jects were administered the Clinical Global Impression
Scale,® a standardized clinician-rated assessment of the
subject’s current illness state, and the Global Assessment
of Functioning scale,** which rates level of functioning
based on overall psychological, social, and occupational
functioning. The Calgary Depression Scale for SCZ*
quantified depressive symptoms, the Fagerstrom Test for
Nicotine Dependence determined severity of nicotine
dependence,*” and the Snaith-Hamilton Pleasure Scale®
and Marin’s Apathy Evaluation Scale,* determined apa-
thy. All patients underwent neuropsychological assess-
ment using the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS).* The study was
approved by the Research Ethics Board of the Centre for
Addiction and Mental Health (CAMH), University of
Toronto, and all participants gave written informed con-
sent after receiving a description of the study procedure.

Cognitive Challenge

We used the WCST* and a control task, the sensorimo-
tor control task (SMCT), both of which have been vali-
dated in previous imaging studies.’**’* The tasks were
displayed via video eyewear (VR920; Vuzix Corporation)
while participants laid on the scanning table. Briefly, in
the WCST 4 reference cards are displayed in a row at the
top of a computer screen. On each classification trial,
a new test card is presented in the middle of the screen
below the reference cards and the subject must match
the test card to 1 of 4 reference cards by pressing 1 of 4
buttons. The rule for classification is based on the shared
single attribute (color, shape, or number). Each classifica-
tion trial is followed by feedback (ie, correct or incorrect).
The rule for classification changes after completion of a
category and the subject is expected to learn the change
in rule based on the feedback provided. In the SMCT,
subjects are asked to match the test card with the iden-
tical reference card without any set shift.*® Hence, the
SMCT served as control for motor movements and atten-
tion components of the WCST but isolating the exec-
utive function of set shifting. In both experiments, the
task was started 8—10 min before the tracer injection and
subjects performed six 8- to—10-min task segments while
being scanned. A break of 2-3 min was given between
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the segments. Each segment consisted of 192 trials of the
task, either SMCT or WCST. Both groups completed 6
such segments in each scan. The schematic representation
of study design is given in figure 1. Over different days,
all subjects underwent 2 PET scans, one while doing the
WCST and the other while doing the SMCT (figure 1).
The order of presentation of WCST and SMCT was
counterbalanced.

PET Image Acquisition

PET scans were performed using a high-resolution PET—
computed tomography (Siemens-BioGraph HiRez XVI;
Siemens Molecular Imaging), which measures radioactiv-
ity in 81 brain sections with a thickness of 2.0 mm each.
A custom-fitted thermoplastic mask was made for each
subject and used with a head fixation system during PET
measurements to minimize head movement. PET data
were acquired for 90 min following an intravenous bolus
injection of ['!C]FLB 457. The images were reconstructed
using 2-dimesional filter back-projection algorithms with
a ramp filter at Nyquist cutoff frequency.

MRI Acquisition
All subjects underwent a structural MRI with the fol-

lowing parameters (imaging mode, 3-dimesional; sagittal

Visit 1:

Visit 2:PET scanl

plane; fast spoiled gradient-echo sequence; 8-channel
head coil; repetition time = 6.7 s; echo time = 3 s; flip
angle = 8°; frequency = 256; slice thickness = 0.9 mm).
Magnetic resonance images were acquired using a 3-T
MRI scanner at the CAMH. These images were used for
delineation of individual region of interest (ROI) after
coregistering with the PET image.

PET Data Analysis

PET data analysis was carried out using an in-house au-
tomated analysis software Region of Mental Interest
(ROMI) for semiautomated generation of ROIs, thus
completely overcoming manual ROI drawing bias.*
ROMI performs the following steps: (1) a standard brain
template with a set of predefined ROIs is transformed
to match with the individual high-resolution MRI scan;
(2) the ROIs from the transformed template are refined
based on the gray matter probability of voxels in the in-
dividual MRI; and (3) the individual MRI is registered to
the PET images so that the individual refined ROIs are
transformed to the PET image space to allow the time-
activity curves (TACs) generation from each ROI. TACs
from the ROIs, ACC, and DLPFC were obtained from
the dynamic [''C]FLB images. ROMI uses validated, pre-
viously established methods to delineate the ROIs of our
interest—DLPFC and ACC.®* Briefly, the prefrontal
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Fig. 1. Schematic representation of study design: (a) Representation of positron emission tomography (PET) scan timeline. Subjects
underwent 2 PET scans, one while performing the Wisconsin Card Sorting Test (WCST) and the other while performing sensorimotor
control task (SMCT) visit. (b) Representative trial of the WCST. (c) Representative trial of the SMCT.
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cortex was first sampled from the most rostral plane to
the plane corresponding to the rostral boundary of the
genu of the corpus callosum. Then, a line corresponding
to anterior commissure (AC) and posterior commissure
(PC) was drawn and regions dorsal to the AC-PC plane
were divided into lateral region (DLPFC) and medial re-
gions. The DLPFC consisted of dorsal part of the supe-
rior frontal gyrus, middle frontal gyrus, and triangular
part of the inferior frontal gyrus. Medial regions included
medial prefrontal cortex and ACC, dorsal and ventral to
the cingulate gyrus, respectively. The ACC, hence, cor-
responds to perigenual ACC. We also calculated TACs
for other extrastriatal brain regions, including occipital
cortex, temporal cortex, inferior parietal cortex, and
thalamus.

To obtain a quantitative estimate of binding, the
TAC was analyzed using the simplified reference tissue
model (SRTM)*! (accomplished under in-house software
fMOD). The SRTM uses a within-brain reference region,
cerebellum in this case, instead of the arterial input func-
tion. It provides an estimate of the BP of the radio-
tracer, which is proportional to the more fundamental
parameters of receptor number (B, ) and affinity (K)
[BP,, = B_ /K ]]. This method has been validated and is
commonly used with ['"C]FLB 457.252% Though a few
studies suggest small specific binding in cerebellum with
[M"C]JFLB 457,05 there was no displaceable binding in
cerebellum following amphetamine and methylphenidate
challenge,?®% and previous studies with [''C]JFLB 457 have
successfully used SRTM with cerebellum as the reference
region.****>7 Further, a recent study showed that SRTM is
a valid modeling approach to measure ABP with [''C]
FLB 457.*® Right and left ROIs were averaged together
and used to derive binding potential of the radiotracer.

Statistical Analysis

We used independent ¢ tests to examine our primary
hypothesis of task-induced [''C]FLB 457 ABP, between
SCZ and HV. Percentage change in BP,  (ABP,) is
defined as follows:

BP,,SMCT — BP,,WCST
BP,, SMCT

%change in BP,, = x100

Considering our main outcome measure ABP,  in ROIs,
DLPFC, and ACC, we considered a Bonferroni corrected
o = .025 as significant. Findings of P value less than .1
were considered trend-level difference. Correlation analy-
ses were used to test the association between ABP, and
cognitive measures (performance measures on WCST and
RBANS subscores) as well as psychopathology scores
in those brain regions that were significantly different.
Considering the exploratory nature of the correlation
analysis, we did not control for the multiple comparisons
and considered results less than 2-tailed conventional
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a = .05 as significant. To evaluate the potential influence
of individual data points, we calculated the Cook’s dis-
tance to estimate influence of each observation on the
fitted response values for those correlations that were
significant.

Results

Demographics and PET Scan Parameters

There was no significant difference between patients with
SCZ and HV in age and sex distribution. All subjects per-
formed SMCT and WCST during the scans successfully.
We acquired a total of 52 PET scans, with equal number
of patients with SCZ (n = 13) and HV (n = 13). Details of
demographic information, clinical scales, injected mass,
injected activity, and specific activity of radioligand in
both scans are given in table 1. There was no significant
group difference in any of the PET scan parameters.

PET Results

There was a significant difference between groups in
ABP, of ['"C]FLB 457, defined as percentage change in
BP,,in ACC(¢=3.52; P=.003; df=24), and a trend-level
difference in DLPFC (t = 1.84; P = .079; df = 24). In both
regions, HV (DLPFC = —0.58 £ 8.45; ACC =4.40 = 6.00)
had higher ["C]JFLB 457 ABP, than SCZ group
(DLPFC = -7.79 £ 11.28; ACC = —11.48 £ 15.08), sug-
gesting more DA release during the cognitive challenge
as compared with the patients with SCZ, who instead
showed reductions in DA release. There was no difference
between the groups in other extrastriatal brain regions
(table 2). There was no difference between SCZ and HV
groups on SMCT BP, in any of the cortical ROIs. [''C]
FLB 457 BP, in ROIs of SCZ and HV groups across
tasks are reported in tables 2 and 3 and shown in figure 2.

Associations With PET Measures and Cognitive
Functions and Clinical Symptoms

There was no difference in the number of trials com-
pleted between WCST and SMCT. Though patients per-
formed more poorly compared to controls on WCST, the
difference was not significant. Details of WCST perfor-
mance are presented in table 1. There was also no differ-
ence between groups in the SMCT performance; patients
performed with a mean accuracy of 96.95% + 3.45% and
controls performed with a mean accuracy of 97.88% *
1.81% in the control task (¢ = 0.82; P = .40). We per-
formed exploratory analyses between BP, | of individual
ROI and task performance, clinical assessments, and cog-
nitive measurements. Although some correlations were
significant, there was potential influence of individual
data points and results were not significant after leave-
one-out analysis. In addition, considering the exploratory
nature of the correlational analysis, it was not corrected
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Table 1. Participant’s Demographic and Clinical Characteristics

SCZ HV th? P

Age 26.61 +6.76 26.38 +4.78 0.10 92
Sex

Male 9 6 1.41 42

Female 4 7
Smoking status

Nonsmoker 8 11 1.75 .37

Smoker 5 2
Cigarettes/day 3.38£5.85 0.15+0.37 2.01 .07
Years of education 13.07 £ 1.65 15.53 £ 1.94 3.47 .002
Age at onset 21.58 £6.77 — — —
Duration of illness (months) 59.91 £ 41.03 — — —
Duration of untreated psychosis (months) 31.00 £ 26.85 — — —
Antipsychotic-free duration (months) 26.00 + 18.84 — — —
Antipsychotic naive 5(38.46%) — — —
PANSS

Positive 18.76 + 4.74 — — —

Negative 14.84 +7.05 — — —

General psychopathology 28.61 £ 11.55 — — —

Total 62.23 + 19.40 — — —
SANS 27.84 +12.83 — — —
GAF 42.50 £ 12.63 — — —
CGI 4.00 £ 0.70 — — —
Calgary Depression Scale 4.46 +3.25 — — —
Snaith-Hamilton Pleasure Scale 13.53 £ 2.40 — — —
Apathy Evaluation Scale 21.46 £7.21 — — —
RBANS total score 83.30 £ 13.96 94.15+ 13.85 1.98 .05
RBANS

Immediate memory 87.92 £ 23.23 93.53+12.38 0.76 44

Visuospatial ability 82.61 £ 13.48 96.92 +19.92 2.14 .04

Language 86.69 £ 15.67 96.30 £ 24.75 1.18 24

Attention 89.61 £ 20.41 95.30 £ 1243 0.85 .39

Delayed memory 89.38 £16.40 96.53 £7.90 1.41 17
WCST

Categories completed 6.52 £2.44 7.16 £ 2.67 0.63 .53

Average correct responses 149.75 £ 26.54 152.12 £ 10.98 0.29 .76

Errors 29.27 + 18.05 25.07 £ 15.01 0.64 .52

Perseverative responses 4891 £9.05 51.76 £ 9.83 0.76 45

Perseverative errors 14.53 £3.16 14.17 £ 6.97 0.17 .86
Mass injected

SMCT 1.26 +0.38 1.42+0.42 1.00 32

WCST 1.28 £0.53 1.45+0.52 0.83 43
Specific activity

SMCT 3156.52 + 706.03 2849.48 £ 939.75 0.94 .35

WCST 3284.98 +999.45 2775.59 £ 815.62 1.42 .16
Amount injected

SMCT 9.83+0.68 10.05 £ 0.77 0.74 46

WCST 10.14 £ 0.52 9.83+0.52 1.47 15

Note: PANSS, Positive and Negative Symptoms Scale; SANS, Scale for Assessment of Negative Symptoms; GAF, Global Assessment
of functioning; CGI, Clinical Global Impression; SCZ, schizophrenia patients; HV, healthy volunteers; WCST, Wisconsin Card Sorting
Task; SMCT, sensorimotor control task; ¢, independent 7 test; P significant at <.05 (2-tailed).

for multiple comparisons. Hence, these results need to be
considered preliminary. The results of the correlation are
given in Supplementary material.

Discussion

In the face of a cognitive challenge, our results suggest
depletion of DA in the ACC of drug-free patients with
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SCZ as compared to HV, who had increased DA release.
These findings provide further support for the cortical
hypodopaminergia hypothesis in SCZ. To the best of our
knowledge, no study has examined prefrontal cortical
DA release during a cognitive challenge task in patients
with SCZ before.

Though a large body of literature has documented stri-
atal DA abnormalities in SCZ, very few PET studies have
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Table 2. ['C]FLB 457 BP s and ABP_ in ROIs of SCZ and HV
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Table 3. Difference Between SCZ and HV [''C]FLB 457 ABP in ROIs

SCZ (ABP,)) HV (ABP)) t P
DLPFC -7.79 £ 11.28 —0.58 £ 8.45 1.84 .079
ACC —11.48 £15.08 4.40 + 6.00 3.52 .003#
Occipital cortex -1.83+12.48 3.17 £ 15.57 0.90 .37
Inferior Parietal cortex —-3.35%+13.42 6.06 = 28.77 1.06 .30
Temporal cortex 1.44 + 15.58 0.03 +9.01 0.28 78
Thalamus -8.73 £ 19.50 -3.28 £ 18.36 0.71 48

P significant at <.05; ¢, independent ¢ test.
Note: Abbreviations are explained in the footnotes to tables 1 and 2.

“Positive value in ABP, indicates decrease in the BP, during WCST compared with BP; during SMCT which in turn suggests
increased dopamine release during WCST compared with SMCT. On the other hand, negative value in ABP indicate increase in the
BP,, during WCST compared with BP; during SMCT which in turn suggests dopamine depletion.
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Fig. 2. ['""'C]JFLB 457 BP_, in sensorimotor control task (SMCT) and Wisconsin Card Sorting Test (WCST) between groups (left); [''C]
FLB 457 positron emission tomography (PET) ABP, with cognitive task in dorsolateral prefrontal cortex (DLPFC) and anterior

cingulate cortex (ACC) (right).

lower relative standard error compared with 2TCM. In
addition, there was no change in cerebellum distribution
volume (V) and V /fp before and after amphetamine
challenge, further supporting the use of cerebellum as
reference tissue in this type of challenge experiment.®®
Although SRTM may lead to underestimation of BP,
compared with arterial input-based models,*” this un-
derestimation applies to both SMCT and WCST such
that the bias cancels out when computing radioligand
ABP_, our main outcome measure (similar to ampheta-
mine challenge studies®®). Finally, as the study involved a
2-scan design, which were done on 2 separate days, within
a short time frame, arterial blood sampling would have
required 2 arterial lines to the nondominant hand (as the
dominant hand was holding the response mouse), which
would have been impossible to conduct. Considering
these caveats and the additional benefit of using reference
tissue models in patients, from a feasibility perspective,
we chose to model our data with SRTM to also decrease
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variability**®® and increase feasibility of a 2-scan para-

digm with ['"'C]FLB 457 involving unmedicated patients
with SCZ. Importantly, the absence of difference in other
brain regions (table 2) not involved in executive functions
suggests these methodological issues to have minimal in-
fluence on the present findings.

We used a well-validated cognitive challenge in the
study. The WCST has been used in a number of neuroim-
aging studies and functional MRI studies have shown the
involvement of cortical brain regions in particular ACC
in the performance of WCST.” Also, a previous study
has shown the feasibility of using WCST and SMCT to
measure DA release using [''C]JFLB 457.3%%* Although
one may object that the control task is not a neutral
scan as it involved motor function, the use of SMCT
cancels out the possible sustained attention and motor
task-induced DA release,” as participants performed
similar motor activities in both tasks. This otherwise
might have confounded the interpretation of results as



motor involvement is known to cause DA release in stri-
atum.® As the tasks had similar motor components and
subjects completed equal number of trials, the observed
differences in DA release could not be the consequence
of different motor performances. It is intriguing to note
the differences in BP, in opposite direction in SCZ and
HV in WCST and SMCT. At this stage, we do not have
a definitive explanation for the DA depletion observed in
patients. As mentioned above, control task also had cog-
nitive demands on subjects, although comparatively less
than the active task. It is possible that other compensa-
tory mechanisms in the brain would have played an active
role in the WCST to compensate for the deficits in strat-
egy which might not be required in SMCT.%*%* This novel
finding of DA depletion during a cognitive task needs to
be examined and replicated in future studies.

One previous study used N-Back task, a working mem-
ory task to examine the frontal DA release in healthy indi-
viduals** and reported DA release in DLPFC and ACC.
The magnitude of DA release in the previous study** was
higher when compared to our study possibly due to the
differences in the tasks used. Another study** examined
frontal DA release in healthy controls using similar 2-scan
design and Montreal Card Sorting Task, a variation of
WCST. The magnitude of DA release reported in this
study™® is higher than the one reported in this study. It is
important to note that Ko and colleagues used a voxel-wise
analysis and the difference in BP reported by the authors
was based on the mean BP extracted using a spherical
region (3-mm diameter) around the statistical peak. On the
other hand, we conducted an ROI analysis in anatomically
defined regions. As not all voxels in a given ROI will have
same level of DA release, this could explain the difference
in findings between our study and the previous study.

Some limitations of the study need to be consid-
ered. First, except for the association between [''C]FLB
457 ABP, in ACC and WCST categories completed, the
correlations we explored with clinical and cognitive mea-
sures and ABP were not significant after correcting for
multiple comparisons using the Bonferroni approach and
accounting for the influence of individual data points. It
is also possible that the study was not adequately pow-
ered to detect the correlations. Further, it is important to
note that even in the only available previous study that
examined amphetamine-induced cortical DA release
using ['C]JFLB 457, the correlational analyses were
exploratory in both HV and SCZ. There were no signifi-
cant correlations between working memory performance
and DLPFC BP,, ABP,, V,, or AV, in SCZ, but
there was a correlation between functional MRI blood-
oxygen-level-dependent activity changes during the task
and cortical DA release using [''C]FLB 457.%* Second,
the mass of [''C]FLB 457 may not be at tracer dose.”
However, incorporation of the mass injected as a covari-
ate into the analysis did not change the significance of
percentage change in BP, in ACC (F = 11.63; P =.003)
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(supplementary table S1), and it was not significantly dif-
ferent between groups in the SMCT task (supplementary
table S2). Third, to control for the potential effect of
putative-specific binding of [M'C]JFLB 457 in cerebel-
lum, we compared the cerebellar tracer uptake between
SMCT and WCST tasks. There was a near-complete
overlap between the tasks, and these results are shown
in supplementary figure S1. Fourth, some patients had
been on the treatment with antipsychotic earlier. Because
none were on treatment with antipsychotics for at least
3 months at the time of examination, it is less likely that
the previous antipsychotic treatment had a significant
effect on the BP,. There was no difference between anti-
psychotic-naive and antipsychotic-free patients in ABP
of ['""C]JFLB 457 in any cortical ROIs (see supplementary
tables S3 and S4). Finally, the ABP, seen in our patient
population is different compared to an earlier study”
using pharmacological depletion. However, it is impor-
tant to note that the earlier study did not use [''C]FLB
457, but instead used ['*’I]IBZM and single-photon emis-
sion computed tomography. Hence, at this stage, it is not
possible to comment whether the differences in findings
are due to differences in the radiotracers, ROI (striatal vs
extrastriatal), or due to design (behavioral depletion vs
pharmacological). Future studies using pharmacological
depletion and [''C]FLB 457 can give definitive answers.

Conclusion

In summary, our study indicates DA depletion in corti-
cal brain regions in SCZ vs HV in the face of a cognitive
challenge. In turn, these findings provide support to the
cortical hypodopaminergia hypothesis in SCZ. This line
of investigation has important clinical implications as it
has the potential to advance our understanding of neu-
robiology of cognitive deficits in SCZ, which represent
important determinants of functional outcome in this
disorder."®* However, considering the absence of relation
between cognitive performance and prefrontal cortex
DA release in this study, further examination is required
to investigate the nature of the relation between corti-
cal hypodopaminergia and cognitive deficits in SCZ. It
is also possible that the study was not adequately pow-
ered to detect the correlations with cognition and further
studies with adequate power need to examine the corre-
lational analyses.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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