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Abstract: In depression, patients suffer from emotional and cognitive deficits, among others in semantic
processing. If these semantic deficits are cognitive or interact with emotional dysfunctions, is still an open
question. The aim of the current study was to investigate the influence of emotional valence on the neural
correlates of semantic priming in major depression. In a lexical decision task, positive, negative, and neu-
tral word pairs were presented during fMRI measurement. Nineteen inpatients and 19 demographically
matched controls were recruited. Behaviorally, positive and neutral valence induced a priming effect
whereas negative valence induced no effect (controls) or even inhibition (slower RT for related stimuli) in
patients. At the neural level, the semantic relation effect revealed similar neural activation in right middle
frontal regions for patients and controls. Group differences emerged in the right fusiform gyrus and the
ACC. Activity associated with positive valence differed at the DLPFC and amygdala and for negative
valence at putamen and cerebellum. The activation of amygdala and DLPFC correlated negatively with
the severity of depression. To conclude, semantic processing deficits in depression are modulated by emo-
tional valence of the stimulus on the behavioral as well as on neural level in right-lateralized prefrontal
areas and the amygdala. The results highlighted an influence of depression severity on emotion informa-
tion processing as the severity of symptoms correlated negatively with neural responses to positively and
negatively valenced information. Hence, the dysfunctional emotion processing may further enhance the
cognitive deficits in depression. Hum Brain Mapp 35:471-482, 2014.  ©2012 Wiley Periodicals, Inc.

Keywords: semantic priming; emotional valence; DLPFC; amygdale; right hemisphere; major
depression

* *

Additional Supporting Information may be found in the online
version of this article.

Contract grant sponsor: IZKF Aachen (Interdisciplinary Center for
Clinical Research within the faculty of Medicine at the RWTH
Aachen University); Contract grant number: IZKF VV NB3;
Contract grant sponsor: International Research Training Group
(IRTG 1328) of the German Research Foundation (DFG) (to K.S.).
*Correspondence to: Katharina Sass, Department of Psychiatry,
Psychotherapy and Psychosomatics, Medical School, RWTH

© 2012 Wiley Periodicals, Inc.

Aachen University, Pauwelsstr. 30, D-52074 Aachen, Germany.
E-mail: ksass@ukaachen.de

Received for publication 23 April 2012; Revised 19 June 2012;
Accepted 1 August 2012

DOI: 10.1002/hbm.22186

Published online 3 October 2012 in Wiley Online Library
(wileyonlinelibrary.com).



# Sass et al. ¢

INTRODUCTION

Cognitive and affective symptoms are well documented
in depression. For example, studies found an influence of
emotional content of words on memory recognition in
depression [Dietrich et al., 2000], deficits in cognitive con-
trol related to reduced emotion-regulation strategies [Joor-
mann and Gotlib, 2010], and functional imaging studies
showed that emotional load in cognitive tasks led to
abnormal modulation in the ventral and dorsal part of
superior and medial frontal gyrus and ventral parts of the
inferior and middle frontal gyri [Northoff et al., 2004].
However, there are still open questions regarding the mu-
tual influence of emotion on cognition and particularly on
the neural basis of semantic processing in depression.

One approach to investigate the emotional influence on
semantic processing is semantic priming. Advantages of
this approach are that no additional executive functions or
nonsemantic processes, strategies, or expectancies are
involved if automatic processing is addressed [stimulus
onset asynchrony [SOA] below 400 ms; Neely, 1991]. In a
classical task, a prime (e.g., car) is presented, followed by
a target that can be a real word (e.g., garage) or a pseudo-
word (e.g., fubber). The participant is asked to decide if the
target is a real word by button press (lexical decision). In
general, related prime-target pairs (car-garage) lead to a
faster reaction time (RT) than unrelated word pairs (car—
bottle) indicating facilitated word recognition. The differen-
tial change in RT is called the semantic priming effect. A
possible cause of the semantic priming effect is an auto-
matic spread of activation between related concepts within
the semantic network [Neely, 1991]. Here, concepts are
represented as nodes that are interconnected via associa-
tive pathways. If a prime is presented, its node is activated
and the spread of activation will “preactivate” correspond-
ing (related) nodes.

Bower’s [1981] “affect priming theory” and “affect infu-
sion model [Bower and Forgas, 2001] extended the model
of spreading activation to the domain of emotion. It is
assumed that each emotion is represented by a specific
node. The “arousal of an [...] emotion spreads activation
throughout a network of associations surrounding that
[...] emotion” [Bower and Forgas, 2001]. Hence, mood-
congruent information is processed faster than mood-
incongruent information. In depression, there might be a
(pre-)activation of “negative nodes” and associations
between emotionally congruent, negative nodes, may be
stronger [Bower, 1981; Ingram, 1984] as patients are not
able to interrupt or suppress the automatic activation
[Bradley et al., 1995] leading to an enhanced reactivity to
negative information [=negative potentiation hypothesis;
Cohen et al., 2005].

Behavioral studies investigating the interaction of
semantic priming and the “emotion” network in depres-
sion revealed controversial results, i.e., depressed patients
showed slower RT than healthy controls in response to
positive and negative words [Matthews and Southall,

1991] or faster processing only for negative information
[Klumpp and Deldin, 2010]. Hence, the presence of emo-
tional (negative and in some studies positive) stimuli inter-
feres with performance, impairs attention and influences
the RT of verbal processing in depression [Power et al.,
1996]. Based on these results, the open questions are (a) if
semantic processing per se is affected in depression or
rather specifically semantic emotion processing and (b)
what neurocognitive connection of the semantic and the
“emotion"-network exists.

Regarding the neural correlates of semantic priming in
healthy subjects, activation was found in left temporopar-
ietal (concept retrieval and integration), lateral and medial
prefrontal (semantic processing and executive functions),
and parietal areas [episodic and visuospatial memory;
Binder et al., 2009]. In addition, on a neural level semantic
priming induces either response suppression or response
enhancement. Suppression was found within lateral supe-
rior temporal and inferior frontal regions [e.g., Rissman
et al., 2003; Wible et al., 2006] and refers to reduced activ-
ity for unrelated > related stimuli reflecting the conse-
quence of priming, i.e., the ease to retrieve primed targets.
In contrast, response enhancement was found within left
middle temporal and bilateral prefrontal regions and is
normally defined as an increase in the hemodynamic
response to priming relative to unpriming stimuli [Kotz
et al., 2002; Raposo et al.,, 2006]. It is assumed that these
signal changes are a correlate of cognitive processes that
involve primed words and index the spread of activation
itself [Henson, 2003; Marinkovic et al., 2003].

The influence of emotion on semantic priming on the
neural level in healthy subjects revealed activation in the
anterior medial frontal gyrus, superior and inferior frontal
gyrus and the posterior cingulate cortex [e.g., Kuchinke
et al., 2005; Sass et al., 2012]. In depression, Canli et al.
[2004] presented emotional and neutral words and asked
patients and controls to make a lexical decision, i.e., subjects
had to decide if letter strings were real words or pseudo-
words. They found reduced activity for positive stimuli
(happy) in emotion-associated regions (amygdala) and
enhanced activation for negative stimuli (sad) in the inferior
parietal cortex reflecting attentional processing of emotional
stimuli [Davidson et al.,, 2002]. These data suggest that
depression might lead to decreased neural activation in
response to positive word stimuli in areas related to lan-
guage and affect while processing of negative words is
associated with enhanced parietal activation mirroring
attention-related processes. However, this study makes no
claims about a possible interaction of semantic priming and
affective priming as suggested by Bower and Forgas [2001].

Hence, the aim of the current study was to map the influ-
ence of emotional valence on semantic priming in depres-
sion on a neural level. The novelty of our design compared
with existing studies includes the usage of a semantic pri-
ming task with implicit emotional influence, and the corre-
lation of the neural correlates with the current mood state
and severity of depression. Behaviorally, we hypothesized
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TABLE I. Characteristics of subjects

Patients Controls
Mean SD Mean SD Differences P value

Mean age in years 31.2 7.1 28.2 2.7 0.10°
Gender 10 f/9 m 10 f/9 m 1.0°
Education in years 13 3 14 2 0.26
Verbal IQ 102.05 8.9 108.88 12.9 0.09?
TMT-A 24 11 19 8 0.13?
TMT-B 41 17 32 10 0.10?
Digit span forward 8.4 1.9 9.3 1.1 0.09°
Digit span backward 7.7 1.9 7.4 2.3 0.62°
BDI-II 23.26 9.24

HAMD 14.53 4.21

PANAS positive 2.99 0.60 3.44 0.40 0.01°
PANAS negative 1.81 0.58 1.34 0.24 0.017

Patients were clinically assessed using two different scales Beck Depression Inventory [BDI-II]; Hamilton scale [HAMD]. By applying
the trial making test [TMT-A and B], attention and task switching were tested. The premorbid IQ was determined by using a German
verbal crystallized intelligence estimation Mehrfachwahlwortschatztest [Verbal IQ]. Working memory storage capacity was tested by the
digit-span test. Additionally, the Positive and Negative Affect Schedule PANAS assessed current mood.

SD = standard deviation.
“Independent sample f-test.
Pearson x? test.

differences for negative valence between controls and
patients with facilitated negative information processing in
depression [Bower, 1981]. On a neural level, we compared
the semantic relation effect (independent of emotional va-
lence), the valence effect and the influence of current mood
(assessed by the Positive and Negative Affective Schedule
[Watson et al., 1988] and self-reported severity of depres-
sion [assessed by Beck Depression Inventory (BDI-II); Beck
et al., 1996]. We suggested neural responses within fronto-
temporal areas for the semantic relation [Sass et al., 2012]
whereas the valence effect should lead to group differences
in regions related to emotion regulation and attention (dor-
solateral prefrontal cortex [DLPFC]) as well as emotion
processing [anterior cingulate cortex (ACC), amygdala;
Canli et al., 2004; Sass et al., 2012]. These group differences
might depend on the direction of activation (response sup-
pression vs. response enhancement) rather than on different
areas of the brain. According to the negative potentiation
hypothesis patients should show a higher neural priming
effect in correlation with severity of depression or current
mood. For this correlation, we decided to restrict the analy-
sis to three regions of interest that show consistent func-
tional and structural changes in depression: amygdala,
DLPFC and ACC.

MATERIALS AND METHODS
Participants

Nineteen inpatients meeting DSM-IV criteria for major
depressive disorder (clinical diagnoses confirmed by the

SCID interviews) were recruited from the Department of
Psychiatry, Psychotherapy and Psychosomatics, RWTH
Aachen University, Germany. All patients were receiving
SSRIs antidepressant. Nineteen healthy subjects matched
for age, gender, and education served as control group.
All subjects were native speakers of German, had normal
or corrected-to-normal vision and were right handed.
Exclusion criteria for all subjects were past or present
medical or neurological diseases or trauma which could
affect the nervous system, comorbid mental disorders, and
a history of substance abuse (at least 4 weeks before scan-
ning). Demographic, neuropsychological, and psychopa-
thological characteristics are listed in Table 1. The study
was approved by the local ethics committee and all partici-
pants gave informed consent to participate in the study.

Stimuli and Design

During the fMRI experiment, the trials started with an
attention cue “+” (500 ms) followed by the prime (200 ms).
A visually presented string of letters (target) followed the
prime (1,000 ms). Subjects were asked to make a lexical de-
cision, i.e., decide if the target was a real word or not (pseu-
doword) by pressing one of two buttons with the left hand
(real word—index finger or pseudoword—middle finger).
A hash sign appeared as intertrial-interval (small jitter: M =
2 s; long jitter: M = 4 s; see Fig. 1). The visual stimuli
were shown in Arial font at 24 pts. Seven experimental
conditions were used: positive (heaven-angel), negative (tor-
ture—force), and neutral related (map—geography); positive
(sun—terror), negative (grave-luck), and neutral unrelated
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Figure I.

Schematic display of the semantic priming task.

(concert—water) and nonwords (bus—reinsa). The stimulus set
used was developed and validated as described in greater
detail earlier [for validation of the stimulus set see Sass
et al., 2012 and Supporting Information].

fMRI Procedure

A rapid event-related design was used to present the
stimuli. The idea behind the design was that the presenta-
tion of trials from the same condition in a sequence leads to
a better sampling of the hemodynamic response function
(HRF) curve and hence, to a better signal. Therefore, small
blocks of two to three related or unrelated word pairs were
constructed in a pseudorandomized fashion. Within these
blocks, the intertrial interval (ITI) was shorter than the dura-
tion of the HRF generated from previous trials. Between the
blocks, the ITI was longer in order to allow BOLD responses
to return to baseline [see Sass et al., 2009, 2012, for further
description of fMRI procedure]. The fMRI experiment
started with a digitalized version of the PANAS. The stimuli
display was controlled using Presentation (Version 11.0
software package Neurobehavioral Systems; available at:
http://www .neurobs.com/) and MR-compatible video gog-
gles (VisuaStim XGA, Resonance Technology, Inc.; available
at: http://www.mri-video.com/).

fMRI Data Acquisition

Scanning was performed on a 3T scanner (Siemens Med-
ical Systems, Erlangen, Germany) using standard gradients
and a circular polarized phase array head coil. Stimuli
were presented in a rapid erfMRI design fashion, with 30
(all related and unrelated conditions) or 90 stimuli per
condition (nonword) and a trial length of approximately 5
s. The scans covered the whole brain, including five initial
dummy scans parallel to the AC/PC line with the follow-
ing parameters: number of slices (NS), 34; slice thickness
(ST), 3.5 mm; interslice gap (IG), 0.30 mm; matrix size
(MS), 64 x 64; field of view (FOV), 240 x 240 mm; echo
time (TE), 30 ms; repetition time (TR), 2 s.

Behavioral Data Analysis

For each group (controls, patients) reaction time was
measured from the target onset until the participant made a

correct response. Data were entered into a repeated-meas-
ures ANOVA with VALENCE (positive, negative, neutral)
and RELATION (related, unrelated) as within-subject fac-
tors and GROUP (depression, control) as between-subject
factor. Paired t-tests were conducted to decompose signifi-
cant interactions. To assess the relationship between current
mood and priming effects, a Pearson product-moment cor-
relation was calculated for (a) positive PANAS values and
size of priming effects and (b) negative PANAS values and
size of priming effects within each group.

fMRI Data Analysis

Image processing and statistical analyses were per-
formed using statistical parametric mapping software
(SPM5; available at: www. fil.ion.ucl.ac.uk) implemented in
MATLAB 7.0 (Mathworks Inc., Sherborn, MA). For prepro-
cessing, the first five volumes were discarded for all proto-
cols due to initial recording burst. FMRI images of each
participant were realigned to the first functional image in
order to correct for head movement. The resliced volumes
were normalized to the standard stereotaxic anatomical
MNI-space by using the transformation matrix calculated
from the mean image of each participant and the EPI-tem-
plate. For the normalization the default SPM5 settings
with 16 nonlinear iterations and the standard EPI-template
of SPM5 were used. Each normalized image was then
smoothed using an 8-mm Gaussian kernel to accommodate
differences in anatomy between participants. Low frequen-
cies were removed using a high-pass filter with a cut-off
period of 128 s. The first-order autocorrelations of the data
were estimated and corrected for. After preprocessing, sta-
tistical analyses for each individual participant were con-
ducted. The delta-functions of the seven experimental
conditions with the onsets of stimuli were convolved with
the canonical HRF and used as regressors in subject-spe-
cific general linear models (GLM). Parameter estimates of
the HRF regressor were calculated from the least mean
squares fit of the model to the time series. At group level,
parameter estimates of the six experimental conditions
were entered into a repeated-measures ANOVA (flexible
factorial design). This mixed two factorial design consisted
of the within-subject factor condition (valence: positive,
negative, neutral; relation: related, unrelated) and the
between-subjects factor GROUP (patients and controls).

The first contrast of interest at the second level was the
semantic relation effect (independent of valence) across
the two groups, i.e., the comparison of the semantic pri-
ming effects for each condition. The priming effects refer
to response enhancement (related over unrelated) and
response suppression (unrelated over related). Even if
both signal changes represent different processes, both
reflect the neural processes that underlie semantic pri-
ming. Hence, we decided to investigate the signal changes
by F-contrasts which reveal any priming effect regardless
of directionality and emotionality, e.g., to contrast related
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versus unrelated implies an F-test of “related > unrelated”
and “unrelated > related”. The emotionality implies that
priming effects were not averaged across emotions but
rather assessed independently. The first contrast of interest
was the semantic relation effect:

* Conjunction: depression (positive [related vs. unre-
lated] N negative [related vs. unrelated] N neutral
[related vs. unrelated]) N controls (positive [related vs.
unrelated] N negative [related vs. unrelated] N neutral
[related vs. unrelated]). In order to investigate group
differences, the following F-contrast was conducted:

* Depression (positive [related vs. unrelated] + negative
[related vs. unrelated] + neutral [related vs. unrelated])
vs. controls (positive [related vs. unrelated] + negative
[related vs. unrelated] + neutral [related vs. unrelated]).

The results were inclusively masked with (a) a conjunc-
tion of priming effects for the patients to examine the contri-
bution of depression and (b) a conjunction of priming
effects of controls to examine the contribution of healthy
controls. The rationale behind the masking was that this
masking procedure yields only those regions for the interac-
tion “group by semantic priming effect” which also show a
priming effect for the depressed patients or healthy controls,
respectively. It should be emphasized that ensuring one of
the groups showed a priming effect does not imply the ab-
sence of a priming effect in the respective other group, e.g.,
a contribution by depression does not imply that the inter-
action is driven by the patients alone (for further evidence
see contrast estimate plots). However, as response suppres-
sion and enhancement represent are established neural pri-
ming effects that might represent distinct neural processes,
we investigated our contrasts in detail using t-contrast in a
post hoc analysis. For instance, to analyze if patients
showed response enhancement for the semantic relation the
following contrast was conducted:

* Depression (positive [related > unrelated] + negative
[related > unrelated] + neutral [related > unrelated]) >
controls (positive [related > unrelated] + negative [related
> unrelated] + neutral[related > unrelated]); inclusively
masked with the same contrast as mentioned above.

This was also done for response suppression in patients
and response enhancement/suppression in controls (for a
detailed description of the contrasts, please see Supporting
Information).

Because we assume that the differences between the proc-
essing of different semantic relations might be small, we
chose to employ Monte-Carlo simulation of the brain vol-
ume to establish an appropriate voxel contiguity threshold
[Slotnick, 2003]. This correction has the advantage of higher
sensitivity to smaller effect sizes, while still correcting for
multiple comparisons across the whole brain volume.
Assuming an individual voxel Type I error of P < 0.05 a
cluster extent of 29 contiguous resampled voxels was indi-

cated as necessary to correct for multiple comparisons at P
< 0.05. In addition, the mask was thresholded at P < 0.10
for the first contrast (semantic relation effect) and at P <
0.05 for the second contrast (group differences). The logic
behind was that the first mask includes the conjunction of
six independent contrasts, so that the probability of each
voxel surviving the conjunction is approximately 0.0174.
For the second group difference contrast this was true at P
< 0.05 (three independent contrasts).

The second contrast of interest was the valence effect.
For the investigation of group differences, we compared
the (a) positive priming effect versus neutral and negative
priming effect and (b) the negative priming effect versus
neutral and positive priming effect. For example, within
the set of voxels that show differences between the posi-
tive priming effects and the other two semantic priming
effects (neutral and negative) we were looking for voxels
that are differentially activated across the two groups. The
following contrasts were conducted (for a detailed descrip-
tion see Supporting Information):

* Depression (positive [related vs. unrelated] VS (nega-
tive [related vs. unrelated] + neutral [related vs. unre-
lated])) VS. Controls (positive [related vs. unrelated]
vs. (negative [related vs. unrelated] + neutral[related
vs. unrelated]))

For the between-group comparisons of the valence effects,
the same individual voxel Type I error of P < 0.0005 that
was already used in the preceding study [corrected for mul-
tiple comparison based on the Monte-Carlo simulation; Sass
et al., 2012] was assumed (cluster with contiguous voxel
extent of 8). Again, to investigate possible difference in direc-
tionality (enhancement vs. suppression) directed t-contrasts
were calculated in a post hoc analysis, e.g., to investigate if
patients showed response enhancement for positive stimuli
while controls show response suppression the following con-
trast was calculated (see also Supporting Information):

* Depression (positive [related > unrelated] > negative
[related > unrelated] + neutral [related > unrelated]) >
controls (positive [related > unrelated] > negative
[related > unrelated] + neutral [related > unrelated])

The third contrast of interest was a Pearson product-
moment correlation between current mood (PANAS), self-
report on severity of depression (BDI-II), and functional sig-
nal changes within three regions of interest (amygdala,
ACC, DLPEC). In other words, we wanted to investigate
the modulation induced by the current mood and severity
of depression. Here, we focused on three regions of interest
where structural and functional differences between
depressive patients and controls are well-established:
amygdala, anterior cingulate cortex, and dorsolateral pre-
frontal cortex. For all regions, the peak coordinates were
defined by the main contrasts of effect (valence and relation
effect; see Table 3 for the chosen coordinates that are

* 475 o



# Sass et al. ¢

TABLE 2. Behavioral data and analysis

Mean RT  S.D. Priming  S.D. Mean error S.D.
Group Emotion Relation (inms) (inms) (inms) (in ms) (in %) (in %)

Patients Positive Related 682 134 407 55 2.3 39

Unrelated 722 114 3.9 4.2

Negative Related 730 162 —247 62 2.8 3.6

Unrelated 706 150 3.9 55

neutral Related 668 133 547 43 2.3 2.3

Unrelated 722 119 3.3 3.3

Controls positive Related 610 57 66" 35 2.3 3

Unrelated 677 71 4 42

negative Related 630 73 -8 39 2.5 3.8

Unrelated 622 64 14 2.8

neutral Related 587 62 527 33 1.6 2.8

Unrelated 639 73 2.3 2.5
Main effects Fq 36 = 5.25, Fo,72) = 8.63,  F(1,36 = 41.04, No significant main effects
ANOVA P < 0.05 P < 0.001 P < 0.001 and interactions (P > 0.19)

Priming refers to semantic priming effects (unrelated — related).

RT = reaction time; SD = standard deviation/ within-group comparisons.
“Significant priming effects with p < 0.005 (for detailed information please see Results section).

marked with the symbol “a”). Since we are interested in the
relationship between mood and semantic priming per se—
i.e. regardless of response enhancement or suppression—
unsigned contrast estimates were extracted from each
region. The contrast weights for each priming effect (i.e.,
positive, negative, and neutral) were extracted from the
first-level analysis of every subject. The contrast weights
and the values of the positive and negative PANAS scale
from every subject and the BDI and HAMD values for the
patients were then entered into a Pearson product-moment
correlation to investigate the dependence of these variables.
The reported voxel coordinates of activation peaks are
in MNI space (ICBM standard). For the anatomical local-
ization the functional data were referenced to probabilistic
cytoarchitectonic maps and to the SPM Anatomy toolbox
[Eickhoff et al., 2005]. MNI coordinates were transformed
to Talairach space [icbm2tal; Lancaster et al., 2007] to
assess the nearest corresponding Brodman areas refer-
enced to the Talairach daemon [Lancaster et al., 2000].

RESULTS
Behavioral Data
Accuracy

Incorrect responses were excluded from further analyses
(controls: 3.8%, patients: 3.4%). For error rates, the two-fac-
torial ANOVA revealed no significant group difference (P
> 0.19).

Reaction time

The ANOVA revealed a main effect for VALENCE (F 3,7,
= 8.63, P < 0.001), RELATION (F(1 36 = 41.04, P < 0.001),
and GROUP (F,36) = 5.25, P < 0.05) as well as a significant

interaction of GROUP and VALENCE (F, = 5.38, P <
0.05). All other interactions were not significant (P > 0.17).
Post hoc t-tests showed that both groups showed a signifi-
cant priming effect for the positive and neutral condition (#;5
> 3.2, P > 0.005). The negative condition revealed no effect in
controls but a significant effect in patients (t;3 = —3.32, P <
0.005). Comparison of priming effects (unrelated-related)
between groups, revealed no significant differences for the
size of priming effects (all P > 0.09). The statistical results
and mean values are represented in Table 2.

The correlation between current mood and size of pri-
ming effects indicated that for controls the positive pri-
ming effect increased with positive mood (r = 0.61, P <
0.01). For patients, only the positive priming effect corre-
lated negatively with negative mood (r = —0.73, P < 0.01).

Imaging Data
Semantic relation effect

The F-contrast for common activation revealed signifi-
cant signal changes within the right middle frontal gyrus
(MFG/BAS; see Fig. 2A). The post hoc analysis of direction
revealed that the semantic relation effect was based on
response enhancement, i.e., the related conditions showed
higher activation than the unrelated conditions. To test the
group differences, the contribution of each group was
tested separately. The relation effect influenced by patients
revealed no significant signal changes. However, lowering
the cluster extent revealed significant changes within the
right fusiform gyrus (14 voxels; see Fig. 2B) with patients
showing response suppression and nearly no semantic
relation effect for controls. The effect influenced by con-
trols revealed significant signal changes in the left ACC
(response suppression; see Fig. 2C and Table 3).
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Figure 2.

Neural correlates of the relation and valence effect. (A-C) Sig-
nificant activations for the comparison of related and unrelated
word pairs. The plots depict the size of the priming effect with
response enhancement (upper panel) and suppression (lower
panel) with common activation in the right middle frontal gyrus
(MFG), differences for patients in the right fusiform gyrus (FG),
and for the controls within the left anterior cingulate cortex

Valence effect

The group differences for emotionally valenced priming
effects, revealed right-hemispheric activation within the
DLPFC, amygdala and left cerebellum for positive as com-
pared with neutral and negative stimuli (see Fig. 2D). The
post hoc analysis showed that both cluster of the DLPFC

(ACC). (D and E) The comparison of positive > neutral and
negative valence revealed signal changes within the dorsolateral
prefrontal cortex (DLPFC) and the amygdala while for negative
> positive and neutral valence differences within the putamen
were found. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

showed response enhancement for positive stimuli in
patients. For the amygdale cluster it was shown that
patients showed response suppression and controls
response enhancement.

The comparison of negative versus neutral and positive
stimuli showed significant differences between conditions
within the right putamen and left cerebellum (see Fig. 2E
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TABLE 3. Neural correlates of relation effects and emotional valence effects

Coordinates
Anatomical Region BA X y z z-Value No. voxels
Relation effects
Common activation for semantic relations
Right middle frontal gyrus 8 30 24 52 2.16 85
Group differences: Contribution of patients
Right fusiform gyrus 19 42 =70 —-16 4.02 14
Group differences: Contribution of controls
Right anterior cingulate cortex” 24 2 38 6 3.12 31
Emotional valence effect
Group differences for positive vs. neutral and negative*
Left cerebellum -2 —40 —-10 4.07 16
Right dorsolateral prefrontal cortex® 10 40 40 24 3.64 22
Right dorsolateral prefrontal cortex® 46 48 44 14 3.59 11
Right amygdala® 30 -6 -20 3.65 10
Group differences for negative vs. neutral and positive
Right putamen 30 4 14 3.72 26
Left cerebellum -2 —42 -12 3.88 19

Coordinates are listed in MNI space. BA is the Brodmann area nearest to the coordinate and should be considered approximate.

®Areas that were considered as regions of interest.

and Table 3). In detail, while patients showed significant
response suppression for negative stimuli, controls showed
response enhancement.

Correlation of current mood and regions of interest

The patients showed for the amygdala cluster [30, —6,
—20] significant correlations between positive priming
effect and positive mood (r = 0.73, P < 0.01), negative
mood (r = —0.51, P < 0.05), and BDI (r = —0.59, P < 0.01);
the lower the positive mood and the higher the negative
mood, the smaller the positive priming effect. Both clusters
in the DLPFC (BA 46, 10) revealed negative correlations
between negative mood and positive priming effect (BA
10: ¥ = —0.59, P < 0.05; BA 46: r = —0.53, P < 0.05) and
between BDI and negative priming effect (BA 10: r =
—0.55, P < 0.05; BA 46: r = —0.65, P < 0.01). For the ACC,
no significant correlations were found. Healthy controls
showed no significant correlations (see Fig. 3).

DISCUSSION

The current study investigated the influence of emotional
valence on neural correlates of semantic priming in major
depression. At the behavioral level, we found similar seman-
tic relation effects for positive and neutral information in
depressed patients and healthy controls. In contrast, negative
information induced no priming effect in controls but an in-
hibition effect in depression (slower RT for related in com-
parison with unrelated word pairs). The neural correlates
highlighted a right-hemispheric frontotemporal focus
(MFG/BAS, ACC, fusiform gyrus) for the semantic relation
effect while group differences for the valence effects were

located within the DLPFC and amygdala (positive valence)
and within the right putamen (negative valence).

Behavioral Results

Positive and neutral stimuli showed similar priming
effects; the negative information caused either no effect
(controls) or against our hypothesis of potentiated negative
processing an inhibition effect (patients). First, the behav-
ioral results replicate the finding of differentially organ-
ized emotional material in memory where positive
information might be better elaborated and interconnected
than negative ones [Ashby et al.,, 1999; Bower, 1981; Sass
et al., 2012]. Second, the inhibition effect of negative infor-
mation in depression might be caused by enhanced atten-
tion on negative valence information. In other words, even
if subjects do not require the negative information to make
a lexical decision, the patients were not able to ignore that
information which interferes with a fast response. The cor-
relation analysis of current mood (PANAS) and priming
effects revealed a relationship between mood and positive
priming effect: in controls, the higher the positive mood,
the larger the priming effect while for patients, the more
negative the current mood, the smaller the priming effect.
These data highlight the interaction of semantic informa-
tion processing and current mood. However, as this was
only true for positive information it also contradicts the
predictions of the negativity bias in depression. Hence,
based on the behavioral results depressed patients showed
reduced priming effects and enhanced attention on (nega-
tive) emotional information rather than facilitated negative
information processing as suggested by the negativity bias.
Thus, in depression the processing of emotions and the
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Figure 3.

Modulation of neural activation through current mood in
depressed patients. (A) For the amygdala, there were correla-
tions between positive (blue) and negative (red) PANAS scores
and the positive neural priming effect. (B) The DLPFC (BA 46)
showed negative correlations between the negative PANAS
scores and the positive priming effect (left plot) as well as

(behavioral) reactivity to emotional stimuli is reduced as it
is suggested by the hypothesis of emotional context insen-
sitivity [ECI; Rottenberg et al., 2005].

Neural Correlates of Semantic Relation
Processing in Patients and Controls

Common neural activation in both groups was present
in the right MFG/BAS8. This area is associated with

between the BDI scores and the negative priming effect (right
plot). (C) For the second DLPFC cluster (BA 10) also negative
correlations between negative PANAS and positive priming
effect as well as BDI and negative priming effect were found.
[Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

retrieval effort during semantic processing and more effi-
cient stimulus processing [Sachs et al., 2008]. However,
based on earlier results on semantic priming, “classical”
areas of semantic processing were expected, like middle
temporal and inferior frontal regions [Binder et al., 2009].
But according to our earlier study on emotional influence
on semantic processing, participants might be “biased
toward emotional aspects of word meaning because the
majority of our stimuli had either a positive or negative
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emotional connotation” [Sass et al., 2012]. Subjects experi-
ence an automatic emotion-induced bias [Kuchinke et al.,
2005] leading to enhanced activation of right-lateralized
areas that are more influenced by valence than left hemi-
spheric regions [Buchanan, 2007].

Differences between groups were found within the right
fusiform gyrus (suppression: patients > controls) and the left
ACC (patients enhancement vs. controls suppression). The
bilateral fusiform gyrus is involved in object/word imagery
[Wheatley et al., 2005] and processing of semantic informa-
tion [Kuniecki et al., 2003]. During emotional processing the
right fusiform gyrus reflects an attention bias toward nega-
tive information [Leung et al., 2009] and as patients might
show enhanced attention toward negative information a
greater response suppression might be found reflecting the
ease to retrieve primed targets in comparison to controls.
The ACC effect replicates earlier findings [Sass et al., 2012]
reflecting an automatic attentional system during semantic
processing, i.e., response suppression for controls reflects
less routine and higher response competition for unpriming
words [Mummery et al., 1999; Sass et al., 2012; Wible et al.,
2006]. In contrast, enhanced activity for depressed patients
might be based on general hyperactivity in this region [Ham-
ilton and Gotlib, 2008; Harvey, 2005; Kober et al., 2008] due
to increased sensitivity for emotional conflict and enhanced
attention, i.e., patients might not be able to ignore the emo-
tional content and therefore, enhanced attention is necessary
to successfully accomplish the task. To conclude, semantic
processing regions were recruited by both groups while dif-
ferences were based on the kind of signal changes (suppres-
sion vs. enhancement) rather than on different localizations
in the brain. The right-lateralized focus might reflect an
influence of emotional valence that interacts with the non-
emotional semantic information.

Neural Correlates of the Influence of Valence
on Semantic Processing

The semantic relation effect indicated that there is a
strong influence of valence. This suggestion is supported by
the corresponding neural correlates: our data highlight a
right-hemispheric dominance for semantic processing most
probably induced by the inclusion of valence addressing a
wider and broader semantic field relying on valence as well
as semantic information. Support arises by the suggestion
that the right hemisphere might mediate the emotional
influences on semantic processing [Atchley et al., 1996]
through a semantic network with inherent emotional items
as salient semantic features, and emotional experience alters
the structural organization of the right-lateralized network
(“emotion"-network [Bower, 1981].

The group comparison for the positive valence informa-
tion exhibit differences within the DLPFC (BA 10/46;
patients enhancement vs. controls small suppression) and
the amygdala. The activation of the DLPFC correlates with
stimulus valence, associate learning, emotion regulation,
attention, cognitive control as well as memory retrieval influ-

enced by affect [Baayen et al., 1993; Buchanan, 2007; Klumpp
and Deldin, 2010]. It is also known that this area shows
abnormally enhanced brain responses in depression that
might reflect increased sensitivity for affective conflict and
enhanced attention on emotional stimuli [Grimm et al., 2008;
Wagner et al., 2006]. According to our hypotheses, we
assume that in depression positive stimuli induce response
enhancement due to higher attention and cognitive load and
require more effort to be processed because of incongruency
with the current mood. The second neural cluster for posi-
tive information was within the amygdala (patients suppres-
sion vs. controls enhancement). These results replicate the
findings of Canli et al. [2004] who found the same pattern of
results for positive information. The amygdala is a crucial
node in the emotion network implicated in a variety of emo-
tional functions [Hamilton and Gotlib, 2008]. In depression,
this region shows structural [decreased volume; Hamilton
and Gotlib, 2008] and functional abnormalities [increased/
sustained activity; Siegle et al., 2007]. In controls, enhanced
activation might reflect the generation of emotional feeling
states, processing of emotion and evaluation of emotional
significance [Canli et al., 2004; Hamilton and Gotlib, 2008].
The negative information revealed group differences
within the putamen (controls enhancement vs. patients sup-
pression). The putamen is involved in controlled processes
of expectancy generation, semantic matching [Sheline et al.,
2001] and might be modulated by emotional processes of
positive or negative valence [Surguladze et al., 2003]. Hence,
we assume that the putamen reflects the effortful processing
of negative valence that is related to larger priming effects
for controls. For patients it is easier to retrieve negative infor-
mation—therefore, response suppression was found.

Correlation of Mood, Severity of Depression,
and Three ROIs in Patients With Depression

Within the DLPFC, the size of the neural priming effects
declined with increasing negative mood and more severe
depression. In other words, both positive and negative pri-
ming effects became smaller. These correlations again con-
tradict our hypothesis of a negativity bias but support the
assumption of a emotional context insensitivity [Canli et al.,
2004; Hamilton and Gotlib, 2008; Rottenberg et al., 2005].
The same pattern of result was found for the amygdala:
activity was correlated with PANAS and BDI values dem-
onstrating that the more severe the depression, the smaller
the positive priming effect. Hence, we suggest that the
hypoactivation within the DLPFC and the amygdala in cor-
relation with mood and severity of depression reflects the
emotional insensitivity of depressed patients [Canli et al.,
2004; Hamilton and Gotlib, 2008; Rottenberg et al., 2005].

Conclusion and Theoretical Implications

Beside emotional deficits, cognitive dysfunctions are a
prominent symptom in depression. Interestingly, semantic
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processing per se seems to be preserved. On a behavioral
level, positive and neutral information induced the same
effects in both groups while negative valence led to no effect
and inhibition, respectively. Therefore, positive and negative
information seem to exhibit asymmetric effects [Isen, 1987]
that might be caused by a different organization of emo-
tional material in memory [Ashby et al., 1999; Bower, 1981].

The neural correlates highlighted a right hemispheric
focus for semantic processing influenced by valence
underlining the assumption of a boarder and wider
semantic network that interacts with an emotional associa-
tion network [Atchley et al., 1996; Bower, 1981]. Similar
brain responses were found within the right MFG/BAS8
indicating that cognitive deficits in depression (especially
semantic disturbances) might be explained by an interac-
tion of cognition and valence rather than deficits in the
cognitive domain itself. Our assumption is supported by
the fact that there were correlations between current mood
of patients and priming effects on behavioral and neural
level. Mainly the variation of negative mood influenced
the signal changes (lower neural effects correlated with
higher negative mood). Hence, there might be an interac-
tion between behavior, mood, and neural correlates that
leads to the specific cognitive symptoms in depression.
Here, the DLPFC as “cognitive” region and the amygdala
as emotion-related area seem to play an important role.

The current findings contradict the negative potentiation
hypothesis [Cohen et al., 2005] because diminished emo-
tional reactivity in depressive patients was found. Our
findings rather support the emotional-context insensitivity
hypothesis [Rottenberg et al., 2005] that suggests disrupted
emotional reactions and minimal emotional regulation in
depression, i.e., patients show lower responses to negative
and positive emotional information in correlation with the
current mood.

In summary, we found an influence of emotionally
valenced information on automatic semantic processing in
patients with depression and healthy controls. The seman-
tic deficits in depression seem to be linked to valence in-
formation and current status of mood and this interaction
influences not only behavior but also the neural correlates
in (right hemispheric) cognitive and limbic areas.
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