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Abstract

The catechol-O-methyltransferase (COMT) val158met single nucleotide polymorphism (SNP)
alters metabolic activity of the COMT enzyme regulating catecholamines, with the Val (valine)
allele resulting in 40% greater enzymatic activity than the Met (methionine) allele. Previous
research has identified systematic inter-individual differences in cognitive and behavioral
phenotypes related to this polymorphism, often attributed to the fact that extracellular dopamine in
the prefrontal cortex is strongly affected by the COMT enzyme. The neurophysiological
mechanisms mediating these inter-individual differences in specific brain systems and task
contexts remain to be established however. In the current study, we examined the extent to which
physio-mechanistic differences by COMT genotype affect somato-visceral and visual cortical
responses to learned threat cues. Classical aversive differential conditioning was implemented
using rapidly phase-reversing grating stimuli, previously shown to engage retinotopic visual
cortex. Differential response patterns in sensory and autonomic systems were elicited by pairing
one grating (CS+, conditioned stimulus), but not the other (CS-), with a noxious stimulus. Dense-
array electroencephalography and somato-visceral measures of defensive reactivity were recorded
in addition to self-report data. Individuals of the Val/Val genotype, compared to Met allele
carriers, reliably showed greater initial enhancement in their visuocortical response to the CS+,
accompanied by stronger defensive engagement, indexed by heart rate acceleration and startle
potentiation. The finding that COMT polymorphism status affects threat cue reactivity at the
visuocortical level is consistent with the notion that sensory processing of threat is facilitated by
strong re-entrant bias signals from anterior areas, including the prefrontal cortex.
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Introduction

The catechol-O-methyltransferase (COMT) rs4680 single nucleotide polymorphism (SNP)
G>A results in the substitution of valine (Val) to methionine (Met) at codon 158 (Lachman
et al., 1996). This polymorphism impacts the effectiveness of COMT, a regulatory enzyme
in the metabolic pathways of catecholamines (dopamine, epinephrine and norepinephrine) in
the central nervous system and peripherally in red blood cells and liver of both rodents and
humans (Weinshilboum & Dunnette, 1981). The amino acid change resulting from the
COMT val158met polymorphism alters metabolic activity of the COMT enzyme, where the
Val form has a three to four-fold increase in enzymatic activity over the Met form
(Weinshilboum, 1999). Physiologically, increased COMT activity leads to a more efficient
elimination of extracellular dopamine, particularly in prefrontal cortex (PFC) due to a
paucity of dopamine transporters in this region (Hirvonen et al., 2010; Slifstein et al., 2008;
Yavich et al., 2007). The tonic-phase dopamine hypothesis relates varying COMT
enzymatic activity levels to systematic changes in dopamine transmission in ventral striatal
and PFC neurons (Bilder et al., 2004). High-activity COMT (Val allele) results in decreased
tonic dopamine activity in striatum, therefore lowering threshold for phasic dopamine
through D2 auto-receptors. In PFC on the other hand, high-activity COMT results in lower
extracellular dopamine availability. In vivo PET studies however have demonstrated that D2
levels in human cortex and striatum do not differ as a function of COMT genotype
(Hirvonen et al., 2010), concluding that the COMT SNP impacts D1 receptors instead.

Given this complexity in fronto-striatal dopamine signaling, it is not surprising that
contending hypotheses have been discussed regarding the impact of COMT status on
cognitive functioning. Behavioral studies using executive control and working memory
paradigms have found that Met allele carriers tend to report task items more accurately
compared to Val homozygotes (Barnett et al., 2007; Egan et al., 2001). Opposite findings
have been reported for tasks entailing reversal learning, task-switching, and emotional
distraction, in which VVal homozygotes performed more accurately than individuals carrying
at least one Met allele (Bishop et al., 2006; Calzato et al., 2010; Nolan et al., 2004). These
findings implicate Met carriers to have an advantage, cognitively, in maintaining task
specific demands in the context of working memory, whereas Val carriers appear to display
an advantage in updating task demands (Bellander et al., 2015; Rosa et al., 2010). Although
this evidence suggests that COMT genotype status may affect behavior, identification of
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specific neurophysiological mechanisms mediating this link has been difficult. Well-defined
experimental protocols that challenge known neurophysiological processes may be a
suitable avenue towards this goal. Classical differential conditioning incorporates task
demands in the context of changing contingencies and may therefore be ideally suited to
extend the COMT literature. The aim of the current study was to examine the extent to
which COMT genotype affects aversive learning during classical differential aversive
conditioning.

Classical differential aversive conditioning in the laboratory has been extensively studied in
both animal and human models, demonstrating the fundamental process of an initially
neutral stimulus acquiring an aversive quality through pairing with a noxious stimulus
(Miskovic & Keil, 2012). The acquisition of an aversive quality has been shown
neurophysiologically to involve learning induced changes in sensory systems, such as
retinotopic visual cortex (McTeague et al., 2015; Stolarova et al., 2009), as well as
systematic changes in autonomic reflex physiology and behavior (Hamm & Weike, 2005;
Hodes et al., 1985). Neuroimaging studies have shown several brain regions to be involved
during aversive learning including sensory and motor cortices, as well as limbic structures
such as amygdala, insula, striatum and hippocampus (Buchel et al., 1998; LeDoux, 2000).
Cortical and subcortical regions are thought to modulate primary sensory cortices through
reentrant feedback projections, leading to learning induced changes impacting perception
(Lamme & Roelfsema, 2000).

Furthermore, stimulus expectancy and anticipation have been theorized to play an essential
role in the process of contingency learning (Rescorla & Wagner, 1972), implicating the
involvement of anterior brain regions such PFC (Delgado et al., 2006). In a recent study,
rapid CS discrimination was found specifically in PFC regions during the acquisition phase
of an aversive conditioning paradigm (Rehbein et al., 2014). The PFC may be crucial in
aversive learning due to its involvement in attention, associative learning and working
memory through top-down modulation of higher-order sensory cortices (Asaad et al., 1998;
Barcelo et al., 2000; Desimone, 1996; B.T. Miller et al., 2011; E.K. Miller & Cohen 2001;
E.K. Miller et al., 1996; Rainer & Miller, 2000). The modulatory role of the dopaminergic
system has been suggested as one mechanism by which anterior brain regions contribute to
the acquisition and extinction of aversive pairings (Abraham et al., 2014; Horvitz, 2000;
Wendler, 2014).

In summary, these findings imply that fronto-striatal regions may play a modulatory role in
aversive learning, potentially reflected in learning-related changes of cognitive processes
such as attention, anticipation, working memory. Previous work partly supports this notion:
During viewing of aversive stimuli, as well as during emotional memory tasks, Met carriers
tend to show heightened amygdala and hippocampal activation compared to Non-Met
carriers (Drabant et al., 2006; Smolka et al., 2007; Smolka et al., 2005; Williams et al.,
2010). In terms of autonomic engagement, Met carriers show enhanced startle potentiation
during passive viewing of aversive stimuli (Montag et al., 2008). Additionally, Lonsdorf and
colleagues (2009) found Met carriers to have failed startle suppression during the extinction
phase of an aversive conditioning paradigm, suggesting that Met carriers may have an
increased proneness to anxiety. Although these findings can be taken as evidence for altered
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emotional reactivity based on COMT genotype, results are mixed when individual
differences are taken into account such as psychiatric diagnosis, gender and ethnicity
(Domschke et al., 2012; Lee & Prescott, 2014). In addition, Wang and colleagues (2013)
demonstrated that COMT by ethnicity interactions as observed for Caucasians versus Asians
(Domschke et al., 2007) may be attributed to altered brain physiology between ethnic
groups. The neurophysiological mechanisms that explain the cognitive, autonomic and
behavioral differences reported for the COMT val158met polymorphism are scarce in the
literature and warrant more systematic investigations that challenge these processes.

An increasingly used neuroimaging tool in the cognitive neurosciences is the steady-state
visually evoked potential (sSVEP). In this technique, visual cortical neurons are entrained at
a given frequency by an external luminance- or contrast-modulated stimulus, captured as
oscillatory scalp voltage changes through electroencephalography (EEG). Recorded activity
is thought to reflect the evoked, synchronous activity of large masses of neurons in response
to a stimulus. The ssVEP is modulated by experimental manipulations such as selective
attention, feature selection, and motivational/affective relevance of the stimulus (Keil et al.,
2009; Moratti et al., 2004; Muller et al., 2006; Silberstein et al., 1995; Song & Keil, 2014).
The increase of ssVEP amplitude with motivational relevance, especially during aversive
engagement, has been attributed to top-down influences on visual cortex exerted by anterior
structures involved in the neurocomputation of aversive or appetitive value (Lang &
Bradley, 2010).

The aim of the current study was to explore the extent to which COMT genotype status
affects defensive reactivity to threat cues during aversive learning. We implemented a
differential aversive conditioning paradigm in which a visual stimulus (conditioned
stimulus, CS+) attained aversive quality by repeated and consistent pairing with a noxious
stimulus (unconditioned stimulus, US), whereas a different visual stimulus (CS-) is never
paired with the noxious stimulus. By recording ssVEPs elicited by the visual stimuli (CSs),
peripheral physiological measures, and self-report data, we aimed to capture learning-
induced perceptual, autonomic and behavioral changes, respectively, in order to assess
COMT genotype differences. As aversive learning engages processes underlying both
emotional reactivity and cognitive functioning, two alternative hypotheses are plausible in
light of the current literature on the COMT val158met polymorphism: Met allele carriers
have been shown to exhibit heightened defensive reactivity during passive viewing of
aversive stimuli. In the context of aversive learning, this may translate to not only
heightened defensive engagement, but also enhanced perceptual processing of the aversively
cued stimulus (CS+). On the other hand, as VVal/Val homozygotes have been demonstrated to
show an advantage in updating task demands, individuals of this genotype may present with
more pronounced differential adaptation to the changing contingencies of the differential
conditioning paradigm, when comparing the CS+ and CS- during habituation, acquisition
and extinction.
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Participants were students taking General Psychology courses at the University of Florida
who received course credit. A total of 83 participants were originally included in the study.
Fourteen individuals were excluded from the analysis due to poor data quality in the
electroencephalography (EEG) recording. Poor data quality was determined by excessive
loss of trials due to movement artifacts and low signal-to-noise ratio of the steady-state
visually evoked potential (ssSVEP), measured using the circular T-square statistic proposed
by Victor and Mast (1991). Of the remaining 69 individuals, 63 were successfully genotyped
for the COMT val158met polymorphism. Demographics are reported for all participants run
in the study. Participants ranged in age from 18-23 (M = 18.9, SD = 1.3), with the majority
being right-handed, female Caucasians (94.5%, 67.0% and 64.8%, respectively). The
breakdown of minorities was as follows: 17.6% Hispanic, 11.0% Asian, 5.5% African-
American and 1.1% Middle Eastern. All participants had normal or corrected vision, and
reported no personal or family history of epilepsy or photic seizures. No additional
inclusion/exclusion criteria were applied.

Visual stimuli for the study were sinusoidal gratings multiplied with a Gaussian envelope
(Gabor patches). For each Gabor patch we generated two, phase inverted, versions and these
were reversed at a rapid, fixed rate to elicit steady-state visually evoked potentials (ssVEPS)
in the visual cortex. Previous research has found these gratings to effectively elicit
differential responding in primary visual cortex in a classical conditioning paradigm (Keil et
al., 2013).

Presentation between a Gabor grating and its phase-reversed counterpart alternated at a rate
of either 13.3 Hz, 14 Hz or 15 Hz (manipulated between participants), with one cycle length
(containing both patterns) equating to 150.00 ms, 142.86 ms, or 133.33 ms, respectively.!

Luminance Gabor gratings were alternating black and gray patterns of 6 cycles, with a
Michelson contrast of .98, subtending a vertical visual angle of 7.4°, a horizontal visual
angle of 10.9°, and a spatial frequency 0.6 cycles per degree (cpd). Two orientations for
each of the Gabor gratings (+15° and -15°) were presented using Psychtoolbox software
(Brainard, 1997) for each trial iteration, implemented through Matlab. These orientations
served as CS+ and CS- conditions during the acquisition phase. In an additional part of the
experiment, participants viewed chromatic gratings, but these data are not reported on in this
manuscript.

All acoustic stimuli were presented through speakers placed behind the participant's head, at
a distance of approximately 40 cm. The unconditioned stimulus (US) was white noise
filtered between 1 and 1000 Hz, presented at 96 dB for 1400 ms. Startle probes were 50 ms

Ipuetoa change

in the presentation monitor in the later half of data collection, multiple stimulus frequencies were used, as these are

dependent on monitor refresh rate.

Neuroimage. Author manuscript; available in PMC 2017 January 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gruss et al.

Design

Procedure

Page 6

bursts of white noise presented during the Gabor flicker (4 or 5 s post onset) or 1 s following
the US.

The current design was a classical, differential aversive conditioning paradigm containing
three phases: habituation, acquisition and extinction. Pairing of the US with the CS+ (Gabor
grating oriented +15°) occurred only during the acquisition phase with a 100%
reinforcement schedule. The CS- (Gabor grating oriented -15°) was never paired with the
US. Additionally, no CS-US pairing occurred and no US was present at any time during the
habituation and extinction phases. Before the start of both acquisition and extinction phases,
participants were instructed on the contingencies of the CS-US pairing. Each phase
contained 12 trials of the luminance Gabor gratings with a balanced, pseudo-randomized
trial order that was kept the same for all participants. During habituation, extinction, and CS-
trials in acquisition, trial length was 7000 ms in duration, whereas the CS+ trials extended
for an additional 1400 ms during which the US was simultaneously presented (delay
conditioning). One of three startle probes was presented every trial: at 4 sec, 5 sec or 1 sec
after the end of the trial. Startle probes occurring during the trial (4 and 5 sec) were averaged
together for later analyses. In terms of the flickering Gabor gratings, a 7000 ms trial
contained an average of 49 phase-reversed cycles. Furthermore, acquisition and extinction
phases were broken down into two blocks each for data analysis in order to examine the
temporal dynamics of aversive conditioning. Experimental phases and trial timing are
illustrated in Figure 1.

Upon arriving in the laboratory, participants provided informed consent, were led to the
recording chamber and seated in a chair at a distance of 100 cm between their eyes and the
presentation monitor. Experimental procedures were then explained and participants were
given the State and Trait Anxiety Inventory (STAI) questionnaire (Spielberger et al., 1983),
which they completed in the absence of the experimenter. Subsequently, participants were
instructed on how to use the mouthwash (1.5 fl Oz Scope® bottle) for the saliva sample:
vigorously swishing half the mouthwash for a minute, then spitting into the pre-labeled test
tube provided, and repeating with the other half. The test tube with the saliva sample was
then immediately taken by the experimenter wearing non-latex gloves and placed in a cold-
storage box in the laboratory. Electrodes for recording peripheral physiological measures
were placed, in order, on the left palm (skin conductance response), on either arm (heart rate
response) and underneath the left eye (startle response). The EEG net was applied next and
an impedance check was run. Lights were turned off completely before starting the
experiment. After each phase there was a brief pause in the experiment where the participant
completed ratings with the Self-Assessment Manikin (SAM) (Bradley & Lang, 1994) for the
Gabor gratings, reporting perceived hedonic valence and arousal. After the conditioning
phase participants additionally completed the State Anxiety portion (form Y1) of the STAI
questionnaire again, to obtain pre and post measures of self-reported state anxiety. Upon
conclusion of the study, participants were asked to rate the US on a scale of 1-10 (higher
scores being more unpleasant) and were subsequently debriefed. All procedures were
approved by the institutional review board of the University of Florida.
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Data Collection and Processing

Electroencephalography (EEG)

Collection: EEG was continuously recorded from either a GSN 200 257 channel sensor net
or a HCGSN 129 channel sensor net by Electrical Geodesic (EGI), with Cz as the reference
electrode. EEG signal was digitized at 250Hz and band-pass filtered online from 0.1 to 48
Hz, with impedances being kept below 60 kS for the 257 channel nets and 40 k<2 for the 129
channel nets.

Processing: Offline preprocessing of the data was implemented through EMEGS software
(Peyk et al., 2011). Data were filtered with an 18 Hz lowpass filter (cut-off at 3 dB point, 45
dB/octave, 16t order Butterworth) and a 7 Hz highpass filter (cut-off at 3 dB point; 24 dB/
octave, 51 order Butterworth), segmented (epochs of 7600ms, including 400 ms pre-trigger
onset), and submitted to artifact rejection. The procedure for artifact rejection identifies
artifacts in individual channels by referencing Cz (recording reference) and detecting
deviations based on the distribution of the mean, the standard deviation as well the gradient
of the voltage amplitude (Junghdfer et al., 2000). Data were then re-referenced to a global
average and artifacts such as blinks, eye movements and other movements were eliminated.
Channels contaminated by such artifacts were interpolated using a statistically weighted,
spherical spline interpolation from the entire channel set. After artifact rejection, an average
of 75% of the trials across all conditions were kept for further analyses.

Scalp voltage data were converted to source space data through the minimum norm
estimation (MNE) method using the implementation proposed by Hauk and colleagues
(Hauk, 2004; Hauk et al., 2002). For this method, we used a 3D source space consisting of
four concentric spheres, on which the dipoles were placed equidistantly to approximate the
brain volume. This source space contained 655 source locations (i.e. the model sources). At
each model source location, currents were modeled for three spatial orientations (1 radial,
two tangential with respect to the scalp surface; orientations were orthogonal relative to each
other). This was done to capture voltage gradients in all possible directions (Hauk, 2004).
The four shells had the radii 0.8, 0.6, 0.4, and 0.2 relative to the electrode radius of 1,
respectively. For regularization, we used the Tikhonov-Philips approach, which is optimized
to suppress uncorrelated noise (Hauk, 2004), and a regularization factor of 0.8. Paralleling
previous work (Keil et al., 2007), source density estimates from the radial component in the
outer shell were considered best approximations of the cortical currents contributing to the
recorded signal. Accordingly, these data were utilized for all further analyses. Subsequently,
source space data were converted to the frequency domain by means of discrete Fourier
transformation (DFT) on the last two seconds of the evoked potential leading up to US onset
(Moratti et al., 2006). For standardization, signal-to-noise ratios (SNR) were then computed
on the frequency domain data by specifying the bin of the sSVEP frequency and dividing by
the average of the surrounding 5 bins to either side of the target bin. Trials of the same
condition were averaged together, forming condition-specific representations of the evoked
response in source space. To examine temporal dynamics during the acquisition and
extinction phases, trials were partitioned into 2 blocks per phase resulting in 6 trials per
condition per block. For illustration, source data were projected back onto a 257 channel net
in the topographies presented in figures. As the main dependent variable for all subsequent
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analyses, ssVEP source strength was defined as a regional average of signal-to-noise ratios
over an occipital sensor cluster that included site Oz of the international 10-20 system and
its 8 nearest neighbors, including POz, O1, 02, and 1z. See Figure 2 for depiction of sSVEP
time-domain data, frequency spectrum, as well as occipital sensor cluster chosen.

Peripheral Physiological Measures—A computer running VPM software (Cook,
2002) controlled data acquisition for all peripheral physiological measures. Skin
conductance was recorded from 8mm Ag-AgCl electrodes filled with 0.05 M NaCl paste on
the hypothenar eminence of the left palm and continuously sampled at 20 Hz. Skin
conductance was converted to microSiemens and averaged into half-second bins. Maximum
skin conductance change during the 7 sec trial deviated from baseline (1000 ms prior
stimulus onset) were then log transformed and averaged over condition specific trials. Heart
rate was recorded through 8mm Ag-AgCl electrodes on each forearm. Inter-beat (R-R)
intervals were reduced into half-second bins using the procedure proposed by (Graham,
1978). Left orbicularis oculi EMG was recorded using 4mm Ag-AgCl electrodes, which was
sampled at 1000 Hz, amplified, band-pass filtered (90-250 Hz), and integrated (20 ms time
constant). Startle magnitude of the eye blink response was then processed offline in VPM
using a peak-scoring algorithm (Balaban et al., 1986) that utilizes onset latency and
amplitude of each blink elicited. Trials with no startle responses were not included in the
analysis. Subsequently, nonresponders (total average responding < 14%) who failed to elicit
a sufficient amount of startle reflexes for all given experimental conditions were eliminated
from further analyses (Blumenthal et al., 2005). Z scores were calculated within
experimental phase using mean and standard deviations within individuals, trimmed by 3
standard deviations and subsequently converted to t scores. Trial probes represented an
average of the probe positions 4 and 5 sec, with post-US probe being the startle probe 1 sec
after the end of the trial. All non-startle autonomic data were processed as change scores
from the baseline (1000 ms prior stimulus onset) and averaged as condition-specific
responses over 2 blocks per phase (6 blocks in total), with the exception of startle
responding that was averaged over the entire phase (3 in total).

Self-Report Measures—The State and Trait Anxiety Inventory (STAI) questionnaire
contained two forms, one assessing self-reported State Anxiety (anxiety felt at the current
moment) and the other Trait Anxiety (anxiety felt on a daily basis). The entire questionnaire
was given before the start of the experiment, as well as the State Anxiety part again after
undergoing conditioning as previously described in the procedure. After each phase of the
experiment SAM ratings were taken for the Gabor gratings. US ratings were noted at the end
of the experiment.

Genotyping—The genomic DNA (gDNA) was isolated from buccal cells using a
commercially available kit (QiaGen, MD, USA). Genotyping for catechol-O-
methyltransferase (COMT rs4680) was carried out using TagMan 7900 allele discrimination
assays (Life Technologies, CA, USA) and Pyrosequencing (Langaee & Ronaghi, 2005) PSQ
HS 96 System (QiaGen, MD, USA), at the University of Florida Center for
Pharmacogenomics. Saliva samples for genotyping were collected over a span of two years
and analyzed at irregular intervals during data collection. Six samples were not successfully
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genotyped due to poor quality, despite multiple attempts, conceivably due to DNA
degradation over time. Fisher's exact tests revealed that genotype frequencies for COMT
rs4680 did not deviate from Hardy-Weinberg Equilibrium (p = .794). Individuals of the
Met/Met genotype (n=11, 6 female) and the Met/Val genotype (n=29, 18 females) were
collapsed into a group of Met carriers (n=40, 24 females) to be analyzed against the Non-
Met carriers (Val/Val genotype, n=23, 14 females).

Statistical Analyses

Results

Repeated measures ANOVA was conducted on ssVEP amplitudes (signal-noise-ratio scores)
across participants, with CS condition (2; CS +/-) and block (3; acquisition block 1 and 2,
extinction block 1) as the within-subjects factors, and genotype (2; Met vs Non-Met carriers)
as the between-subjects factor. Both acquisition blocks and the first block of extinction were
apriori selected, as conditioning effects were expected to occur during these three blocks, to
keep ANOVA models within a manageable size and to account for the fact that null-results
were expected for habituation. Significant effects were followed up with repeated measures
ANOVA on each block separately.

Subsequent analyses of the peripheral physiological and self-report measures were
conducted using repeated measures ANOVAs with within-subjects factors of condition (2;
CS +/-), time segment (see Results section for description for each measure) and the
between-subjects factor of genotype (3; Met vs Non-Met carriers). In addition, a repeated
measures ANOVA was conducted on startle separately for each startle probe position (2;
trial probe and post-US probe) as empty cells in the ANOVA table for post-US probes
resulted in the loss of individuals as more artifacts occurred directly after US presentation.

Due to consistent findings of gender differences in the COMT literature (Domschke et al.,
2012; Lee & Prescott, 2014), gender was added as a covariate in the analyses of all
dependent measures.

Occipital electrocortical signals (ssVEP amplitude)

Genotype differences were found for the COMT val158met polymorphism grouped by Met
and Non-Met allele carriers. Across conditioning blocks and the first block of extinction, a
two-way interaction was found for CS condition x genotype [F(1,61) = 4.73, p <.05], in
addition to a three-way interaction of block x CS condition x genotype [F(2,122) =5.03, p
<.05, partial eta squared = .076]. Follow-up ANOVA revealed that during the first block of
acquisition, NonMet allele carriers showed significant visuocortical enhancement of the CS
+, compared to the CS- [F(1,61) = 11.03, p < .05, partial eta squared = .153].2

In the scatter plot of the individual distributions, group separation of COMT allele carriers is
shown for differences scores (CS+ minus CS-) in visuocortical activation (Figure 3). This
enhancement when viewing the CS+ was limited to the first block of acquisition, and

2presentation rate of the Gabor grating was added as a between-subjects factor and was found to be non-significant [F(2,62) = .03,

n.s.].
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disappeared during the second block [F(1,61) = 1.81, n.s.]. Follow-up t-tests were conducted
testing CS+ versus CS- activation and was found to be exclusive to the Non-Met group (Val/
Val) [t(23) = 2.72, p < .05] (Figure 4).

Somato-visceral measures

Difference scores were computed for mean heart rate (HR) reactivity in time intervals 0-3
sec (D1), 3-5 sec (Al) and 5-7 sec (D2), with the first difference score being A1-D1
(accelerative window) and the second D2-A1 (decelerative window). Both COMT groups
showed HR deceleration to the CS+ for the first half of conditioning [F(1,54) = 4.4, p < .05]
(Figure 5). In the second block, main effects were observed for the two difference scores
[F(1,54) = 4.29, p < .05], condition (CS+/-) [F(1,54) = 4.96, p < .05], as well as a three-way
interaction of difference scores x condition x COMT group (Met vs Non-Met). In the
follow-up analysis, a two-way interaction of difference scores x COMT group [F(1,54) =
8.39, p < .05] was found. An independent-samples t-test for the between-subject factor of
COMT group showed significant HR increase in response to the CS+ during the accelerative
window in Non-Met individuals, whereas Met individuals showed HR deceleration [t(54) =
2.37, p <.05] (Figure 5 and Table 1).

Startle response during the acquisition phase to the trial probe showed no main effect of
condition [F(1,42) = 3.31, n.s.], but an interaction of condition x COMT group emerged
[F(1,42) = 4.24, p < .05]. A follow up independent-samples t-test showed significantly
greater startle potentiation to the CS+ in Non-Met individuals compared to the Met carriers
[t(45) = 2.02, p < .05], with no group difference for the CS- [t(42) = 1.51, n.s.] (Figure 6 and
Table 2).

Startle response to the post-US probe showed neither a main effect of condition [F(1,37) =
2.05, n.s.] nor an interaction of condition x COMT group [F(1,37) = .23, n.s.]. Startle
response to the post-US probe during extinction, however, revealed a significant condition x
COMT group interaction [F(1,31) = 7.34, p < .05], by which Non-Met carriers showed
greater potentiation to the CS- compared to Met carriers [t(32) = 2.94, p < .01].3

In response to the CS presentation, there was a main effect of condition (CS+/-) for skin
conductance response (SCL) in the first block of acquisition, with greater SCL to the CS+
[F(1,55) =9.00, p < .01] (Table 3). No significant interaction was found for condition x
COMT group [F(1,55) = 1.13, n.s.]. The main effect of condition disappeared by the second
half of acquisition. In response to the US presentation, across both acquisition blocks, there
was a main effect of condition [F(1,55) = 34.18, p < .001], with greater SCL to the CS+, as
well as a main effect of block [F(1,55) = 16.38, p < .001], with greater SCL during the first
block. In addition, an interaction of condition x block [F(1,55) = 37.94, p < .001] showed
that from the first to the second block of acquisition, SCL significantly decreased in
response to the CS+ [t(56) = 6.83, p < .001], but not to the CS- [t(56) = -1.38, n.s.].

3EEG was reanalyzed for individuals who were startle responders only and were genotyped for the COMT SNP (n=43). Findings of
Non-Met individuals showing enhanced visuocortical activation to the CS+ compared to CS- during block 1 of acquisition remained
significant in this smaller sample [F(1,42) = 7.34, p < .01].
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Follow-up linear regression analyses were performed on measures of EEG, heart rate and
startle response: Enhanced visuocortical discrimination during the first block of acquisition
significantly predicted increased heart rate acceleration to the CS+ in the second block of
acquisition [F(1,54) = 4.45, p < .05; R? = .08; = .28], but did not predict startle
potentiation to the CS+ in acquisition [F(1,38) = .27, n.s.; R? = .007]. EEG discrimination
predicting HR acceleration did not appear to be mediated by COMT genotype (Sobel t-
statistic: 1.65, p =.098).

For ratings of the US, SAM ratings of the stimuli, and the State Anxiety portion of the STAI
questionnaire, no significant group differences were found for COMT genotype groups. The
Trait Anxiety portion of the STAI questionnaire, however, showed significant group
differences by COMT genotype [F(1,53) = 8.61, p < .05], with Non-Met individuals more
strongly endorsing anxiety. US ratings indicated that all participants experienced the US as
unpleasant (mean = 6.1 on a 1-10 scale), but with no COMT group differences (F(1,62) = .
80, n.s.]. Participants reported higher state anxiety scores after acquisition, compared to
before acquisition [F(1,48) = 8.49, p < .05], but again no COMT group difference was
observed [F(1,48) = .1, n.s.]. For the SAM ratings, participants overall rated the CS+ as
more arousing during conditioning [F(1,54) = 57.15, p <.001] and more unpleasant than the
CS- [F(1,54) = 37.15, p < .001], compared to their ratings during habituation. No COMT
group differences were found for arousal [F(1,54) = 1.60, n.s.] nor for valence [F(1,54) = .
81, n.s.]. All these measures indicated that conditioning occurred across individuals (Table
4).

No gender differences were found in any of the recorded measures.

Discussion

The current study set out to characterize the relation between an individual's COMT
val158met polymorphism status and indices of visual processing, reflex physiology and
evaluative self-report during aversive conditioning. The conditioning regime reliably
prompted defensive responses across COMT genotype groups, shown by a decelerative,
orienting response for CS+ trials during initial conditioning. Pronounced inter-individual
differences were also observed: Across measures, observers homozygous on the Val allele
(Non-Met carriers) showed evidence of rapid and flexible adaptation to the experimental
contingencies, with selective visuocortical responses to the CS+ after few conditioning
trials, followed by heightened somatovisceral responses — greater heart rate (HR)
acceleration and startle potentiation — selectively to the CS+. By contrast, the Met carriers
did not display selective HR acceleration or visuocortical facilitation. Although no COMT
group difference was found for skin conductance responding, findings of HR acceleration
and enhanced startle potentiation during CS+ presentation suggest that individuals
homozygous on the Val allele displayed stronger defensive engagement than Met
individuals.

The current findings show substantial CS discrimination over occipital cortex during initial
stages of aversive conditioning for individuals of the Val/Val genotype. This discrimination
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remained significant after various data transformations (normalization methods, outlier
rejection), supporting the robustness of the observation of COMT-specific visuocortical
change. Rapid signal enhancement of the sSVEP in visual cortex to motivationally relevant
stimuli has been hypothesized to result from reentrant modulation by anterior brain regions,
such as limbic and fronto-temporal cortical areas (Gruber et al., 2004; Keil et al., 2009).
Rehbein and colleagues (2014) additionally found that rapid CS discrimination during
aversive conditioning was localized specifically to prefrontal cortical (PFC) regions in the
acquisition phase. In line with research in selective attention (Barcelo et al., 2000) these
findings suggest that the PFC has a role in biasing the sensitivity of visual neurons towards
motivationally relevant cues. These findings lend credence to the notion that anterior regions
of the brain, including widespread cortical areas, play an active role during aversive learning
(Miskovic & Keil, 2012). Furthermore, our findings support the hypothesis that VVal/Val
homozygotes display more pronounced adaptation to the changing contingencies of the
paradigm, compared to the Met carriers: Following habituation, Met carriers failed to show
perceptual changes reflecting the contingencies of instructed, differential conditioning,
whereas Non-Met carriers displayed rapid perceptual discrimination between the CS+ and
CS-. Heightened, selective attention may be one of the processes contributing to the greater
perceptual discrimination found in Non-Met carriers and future work may manipulate
selective attention to address this point.

COMT genotype-dependent action has been suggested to involve dorsolateral prefrontal
regions (Green et al., 2013; Mier et al., 2010). The fact that varying levels of enzymatic
COMT activity affect extracellular dopamine in PFC has given rise to theoretical notions in
which variable dopamine signal-to-noise in PFC is linked to activity in subcortical structures
such as amygdala, hippocampus, ventral striatum and ventral tegmental area (Akil et al.,
2003; Bertolino et al., 2006; Bilder et al., 2004; Winterer et al., 2006). Further research
suggests fundamentally altered cortical-subcortical connectivity by COMT genotype. For
example, Met allele carriers show greater activation and connectivity between the
amygdaloid body and subcortical regions during viewing of unpleasant stimuli (Smolka et
al., 2007). Surguladze and colleagues (2012) demonstrated Met allele carriers to have
reduced reciprocal connectivity between the amygdala and various cortical regions
(including prefrontal and visuocortical) when observers view fearful faces. Other findings
suggest altered network coupling by COMT genotype not only for aversive and fearful
stimuli, but also related to working memory in the parahippocampal cortex (Zhang et al.
2015). Future research in the animal model, particularly non-human primates, may aim to
characterize how the COMT polymorphism affects dopaminergic signaling within these
networks, in particular in the context of aversive conditioning.

In terms of reflexive physiology, individuals of the Val/Val genotype showed HR
acceleration to the CS+ in the later half of acquisition, as well as increased startle
potentiation to probes presented during CS+ trials, compared to Met carriers. These findings
support the notion that individuals homozygous on the Val allele exhibit stronger defensive
engagement than Met allele carriers to the aversively cued stimulus, raising questions
regarding potential mechanisms of such differences in autonomic physiology, specifically
differential involvement of the sympathetic versus parasympathetic branch. Supporting a
potential direct mechanism by which COMT may affect autonomic reactivity, work by Jabbi
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and colleagues (2007) has linked variable enzymatic activity due to the COMT val158met
polymorphism to not only central catecholamine, but peripheral plasma catecholamine
regulation, such as epinephrine. Recent work has expanded this concept of differential
autonomic system activity varying as a function of COMT genotype in children (Mueller et
al., 2012): During exposure to a social stressor, individuals homozygous on the Val allele
displayed increased HR acceleration (marker of sympathetic activity) followed by quick
recovery, as well as blunting of heart rate variability (HRV, a marker of parasympathetic
activity) during stress recovery. Furthermore, work by Hansen and colleagues (Hansen et al.,
2003) has demonstrated that individuals with greater HRV perform better on tasks involving
executive functioning such as working memory and attention. This suggests that the COMT
polymorphism may impact both branches of the autonomic nervous system (ANS). The
current study found that activation of the sympathetic branch, as captured by skin
conductance responding, did not vary by COMT genotype. Few studies have investigated
defensive engagement in relation to COMT polymorphism status, finding Met carriers to
show enhanced startle potentiation during viewing of aversive stimuli or reporting failed
suppression of startle during extinction (Lonsdorf et al., 2009; Montag et al., 2008). Future
studies are needed to investigate whether ANS dominance may vary as a function of COMT
genotype and to what extent attention plays a role in this.

A large body of work on the COMT polymorphism has focused research into clinical
disorders of dysfunctional dopamine signaling and prefrontal systems such as schizophrenia,
ADHD, PTSD, anxiety disorders, drug abuse and Parkinson's (Domschke et al., 2012;
Eisenberg et al., 1999; Goldman et al., 2005; Harrison & Weinberger, 2005; Norrholm et al.,
2013; Weinberger et al., 2001). Some of this work proposes a warrior/worrier model
(Goldman et al., 2005), suggesting a trade-off effect between emotional resilience and
cognitive performance (Alexander et al., 2011). COMT genotype on its own is not a
sufficient risk factor for the anxiety disorders spectrum. The COMT polymorphism impacts
complex behavioral and cognitive phenotypes through varying enzymatic metabolisms of
dopamine (Mier et al., 2010). Furthermore, relating the COMT polymorphism to inter-
individual differences in higher-order cognitive or affective phenotypes has been
complicated by a spectrum of confounds such as ethnicity and gender (Lee & Prescott, 2014;
Wang et al., 2013). The present study reports on a largely female Caucasian sample, in
which no gender effects were observed for any of the measures. Although gender effects are
reported in the COMT literature, these findings are often quite heterogeneous: Panic-
disorder proclivity may be female-specific, but measures of neuroticism and avoidance
male-specific (Domschke et al., 2007; Lee & Prescott, 2014). As only State and Trait
Anxiety questionnaire data were taken in an unselected sample of undergraduates, the
gender distribution of potential behavioral dispositions as well as susceptibility to anxiety
disorders is unknown in the current study. Future research may benefit from preselecting a
sample based on these factors, while examining specific neurocognitive processes, ideally
focusing on processes for which well established animal models exist.

In the current study, Val/Val individuals displayed significant CS discrimination in their
visuocortical response, interpretable as a heightened attentional orienting response during
instructed aversive conditioning. Its co-occurrence with enhanced defensive engagement and
endorsement of higher trait anxiety scores suggests that heightened orienting to threat is part
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of a stable cluster of defensive behaviors characteristic of Val/Val individuals. In light of
research finding a greater presence of Met carriers in various anxiety disorders, the current
findings may instead suggest that Met carriers show diminished aversive discrimination,
visuocortically, when undergoing aversive learning compared to Val/Val carriers. In the
clinical case of dysfunctional processing this may be augmented, with Met carriers showing
a lack of fear discrimination and a failure to learn safety cues (Lissek, 2012). Differential
perceptual orienting during aversive learning, as a function of COMT genotype, may
therefore be an appropriate avenue for future investigations to further expand the
neurophysiological impact of the COMT val158met polymorphism in humans.
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Abbreviations

COMT catechol-O-methyltransferase

CS conditioned stimulus

EEG electroencephalography

HR heart rate

PFC prefrontal cortex

SAM Self-Assessment Manikin

SCL skin conductance response

SNP single nucleotide polymorphism
ssVEP steady-state visually evoked potential
STAI State and Trait Anxiety Inventory
us unconditioned stimulus

Neuroimage. Author manuscript; available in PMC 2017 January 15.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Gruss et al.

Page 19

Highlights
- We investigated COMT val158met genotype differences in aversive learning
- Visuocortical, autonomic and behavioral measures were recorded
- Non-Met carriers showed rapid visuocortical enhancement during conditioning

- Non-Met carriers rapidly adapt to task demands reflected as heightened attention
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Habituation Acquisition Extinction

CS+trial  USpg))

0 CS-trial 7 84 Time (sec)

Fig 1.

E)?perimental design for classical, discriminant aversive conditioning. The experiment
consisted of three phases (habituation, acquisition and extinction), in which CS+ was paired
with the US (loud noise) only during acquisition (100% reinforcement schedule). Trials in
habituation, extinction and CS- trials in acquisition lasted 7 sec. CS+ trials in acquisition
lasted an additional 1.4 sec, with US onset starting at 7 sec. Dotted gray line signifies
flickering Gabor patch (CS), crosses signify startle probes (trial and ITI probes). Example of
the CS+ Gabor patch shown on the left.
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Figure 2.

Visuocortical evoked response in the time and frequency domain from a subsample
illustrating 14Hz pattern-reversal ssVEP. After transformation into the frequency domain,
evoked power of the sSVEP signal is clearly distinguishable against noise (indicated by
dashed gray line, top right). Sensor cluster used in ssVEP analyses indicated by white
sensors at occipital pole, viewed from the back of the brain, with Oz in the center (top left).
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Figure 3.
Distribution of conditioning effects of EEG scalp potentials captured through the ssVEP by

genotype grouping of the COMT val158met polymorphism during the first half of
conditioning. Ns of genotypes are as followed: Non-Met carriers (23), Met carriers (40).
Positive values indicate greater amplitude enhancement to the CS+ compared to the CS-.
Circles represent single individuals within a group.
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Figure 4.

Activation over occipital pole to CS stimuli measured through ssVEP during first half of
conditioning. Non-Met carriers (n=23) showed significant enhancement to the CS+
compared to CS-, whereas Met carriers (n=40) showed no CS differentiation (scale in uV,
SNR corrected and source estimated).
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Block 1 Block 2

Heart rate reactivity over conditioning phase, split into two blocks. US onset is at 7 sec
(thick line) for 1.4 sec. Black line signifies response to CS+, gray to CS-. Non-Met carriers
(n=19) and Met carriers (n=37) do not differ in first block of conditioning in their response
to the CS+, but show significant deceleration compared to CS-. In the second block Non-
Met carriers show significant increase in heart rate to the CS+.
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Startle magnitude to trial probe during acquisition. Black bars indicate startle response to CS
+, gray bars to CS-. Non-Met carriers (n=16) showed significantly greater startle
potentiation to the CS+ during acquisition than Met carriers (n=31). Standard error of the

mean is shown as error bars.
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Table 1
Heart rate reactivity in acquisition during accelerative window

Heart rate reactivity is shown as the difference score between acceleration and first deceleration (A1-D1).

Standard error of the mean is shown in parentheses.

COMT Genotype Block 1 Block 2

CS+ CS- CS+ CS-

Non-Met Carriers  -1.0(0.4)- 02(03) g7 (05" 01(03)

Met Carriers -04(0.3) -01(0.2) -0.5(0.3) -0.3(0.2)

*
Bold value indicates where Val/Val individuals showed significant heart rate acceleration to CS+ compared to CS-
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Table 2
Startle blink magnitude in acquisition to startle probes

T scores are shown with standard error of the mean in parentheses.

COMT Genotype Trial probe Post-US probe

CS+ CS- CS+ CS-

Non-Met Carriers 535 (11)" 486(09) 449(15) 493 (15)

Met Carriers 50.4(0.7) 49.4(0.7) 48.0(12) 50.3(1.1)

*
Bold value indicates where Val/Val individuals showed significant startle potentiation to CS+ compared to CS-
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Table 3
Skin conductance responding (SCL) in acquisition to CS presentation

Significant enhancement to the CS+ over the CS- during the first block of acquisition was observed for SCL,
with no COMT genotype differences. Standard error of the mean is shown in parentheses.

COMT Genotype Block 1 Block 2

CS+ CS- CS+ CS-
Non-Met Carriers ~ 0.04 (0.01) 0.01 (0.01) 0.01(0.01) 0.01(0.00)
Met Carriers 0.08 (0.01) 0.02(0.01) 0.02(0.01) 0.01(0.00)
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