
European Neuropsychopharmacology (2019) 29, 1138–1151 

www.elsevier.com/locate/euroneuro 

Association of rs7688285 allelic variation 

coding for GLRB with fear reactivity and 

exposure-based therapy in patients with 

panic disorder and agoraphobia 

Isabelle C. Ridderbusch 

a , q , ∗, Jan Richter 

b , Yunbo Yang 

a , q , 
Michael Hoefler 

c , Heike Weber 

d , e , Andreas Reif e , 
Alfons Hamm 

b , Christiane A. Pané-Farréb , f , 
Alexander L. Gerlach 

g , Andreas Stroehle 

h , Bettina Pfleiderer 

i , 
Volker Arolt 

j , Hans-Ulrich Wittchen 

c , k , Andrew Gloster 

l , 
Thomas Lang 

m , n , Sylvia Helbig-Lang 

n , Lydia Fehm 

o , Paul Pauli p , 
Tilo Kircher 

a , q , Ulrike Lueken 

c , d , o , 1 , Benjamin Straube 

a , q , 1 

a Department of Psychiatry and Psychotherapy, University of Marburg, Marburg, Germany 
b Institute of Psychology, University of Greifswald, Greifswald, Germany 
c Institute of Clinical Psychology and Psychotherapy, Technische Universität Dresden, Dresden, Germany 
d Department of Psychiatry, Psychosomatics, and Psychotherapy, University Hospital of Würzburg, 
Würzburg, Germany 
e Department of Psychiatry, Psychosomatic Medicine and Psychotherapy, University Hospital Frankfurt, 
Frankfurt am Main, Germany 
f Department of Clinical Psychology and Psychotherapy, University of Marburg, Marburg, Germany 
g Institute of Clinical Psychology and Psychotherapy, University of Cologne, Cologne, Germany 
h Department of Psychiatry and Psychotherapy, Campus Charité Mitte, Charité - Universitätsmedizin 

Berlin, Berlin, Germany 
i Medical Faculty, University of Münster and Department Clinical Radiology, University Hospital Münster, 
Münster, Germany 
j Department of Psychiatry and Psychotherapy, University Hospital Münster, Münster, Germany 
k Department of Psychiatry and Psychotherapy, Ludwig-Maximilians-Universität (LMU), München, 
Germany 
l Division of Clinical Psychology and Intervention Science, University of Basel, Basel, Switzerland 

m Christoph-Dornier-Stiftung für Klinische Psychologie, Bremen, Germany 
n Department of Clinical Psychology and Psychotherapy, University of Hamburg, Hamburg, Germany 
o Department of Psychology, Humboldt-Universität zu Berlin, Berlin, Germany 

∗ Corresponding author. 
E-mail addresses: isabelle.ridderbusch@med.uni-marburg.de , isabelle.ridderbusch@med.uni-marburg.de (I.C. Ridderbusch). 

1 These authors contributed equally to this shared last authorship. 

https://doi.org/10.1016/j.euroneuro.2019.07.133 
0924-977X/ © 2019 Elsevier B.V. and ECNP. All rights reserved. 

https://doi.org/10.1016/j.euroneuro.2019.07.133
http://www.elsevier.com/locate/euroneuro
http://crossmark.crossref.org/dialog/?doi=10.1016/j.euroneuro.2019.07.133&domain=pdf
mailto:isabelle.ridderbusch@med.uni-marburg.de
mailto:isabelle.ridderbusch@med.uni-marburg.de
https://doi.org/10.1016/j.euroneuro.2019.07.133


GLRB variation and fear processing in PD/AG 1139 

p Department of Psychology, University of Würzburg, Würzburg,
q Center for Mind, Brain and Behavior (CMBB), University of Mar
Giessen, Germany 

Received 24 October 2018; received in revised form 20 May 2019; ac

KEYWORDS 

Panic disorder; 
GLRB; 
Psychotherapy; 
Fear conditioning; 
Extinction; 
Imaging genetics 

Abstract 
The gene coding for glycine rec  

disorder and agoraphobia (PD/  

tion during fear conditioning, a  

in healthy subjects. In a multice  

sub-samples whether GLRB alle  

nucleotide polymorphism rs7688  

BAT; n = 267 patients) and neur  

trols) measures, and furthermo  

ioral therapy (CBT, n = 184 patie  

(PD/AG vs. controls; fMRI data  

ploratory fMRI results prior to C  

to show overall higher BOLD a  

Differential activation in the MC  

interaction genotype X diagnosi  

in differential fear learning. AC  

rs7688285 dependent effect on  

carriers showed pronounced fea  

In sum, rs7688285 variation inte  

level and might be involved in t
© 2019 Elsevier B.V. and ECNP. A

1

A
m  

h
W  

a
u
t
t  

h
u  

a  

c
e
R
2  

i
d
p
a

e  

t
w  

s

d  

g  

r
s
s  

s
G
m  

w
c
t  

d

a
a
c  

d  

l
t
a
a  

a
c
f  

b

. Introduction 

nxiety disorders constitute the most prevalent group of 
ental disorders and are a leading cause of disability with
igh individual and societal burden ( Gustavsson et al., 2011; 
ittchen et al., 2011 ). In order to optimize their treatment
nd foster preventive approaches, it is necessary to better 
nderstand the underlying pathogenetic mechanisms and 
he potential of cognitive behavioral therapy (CBT) to affect 
hese ( Teachman et al., 2012 ). Twin studies demonstrate a
eritability of anxiety disorders with 30%–50% of the individ- 
al variability to be explained by genetic factors ( Gordon
nd Hen, 2004 ; Shimada-Sugimoto et al., 2015 ). When spe-
ific candidate genes are identified, their functional rel- 
vance on multiple levels of analysis according to the 
esearch Domain Criteria (RDoC) approach ( Insel et al., 
010; Kozak and Cuthbert, 2016 ) is a research prior-
ty. Recently, the field of “therapygenetics” was intro- 
uced, where the association of genetic variants with (non- 
harmacological) therapy outcome is studied and which 
dds a further layer of analysis. 
A recent genome-wide association study (GWAS) ( Deckert 

t al., 2017 ) found evidence for an association between
he gene encoding the glycine receptor β subunit ( GLRB, 
hich plays an important role in the regulation of post-
ynaptic inhibition in neurotransmission and is involved in 
 Germany 
burg and Justus Liebig University 

cepted 15 July 2019 

eptor β subunits ( GLRB ) has been found to be related to panic
AG) and to be associated with altered insular BOLD activa-
s an intermediate phenotype of defensive system reactivity
nter clinical trial on PD/AG patients we investigated in three
lic variation (A/G; A-allele identified as «risk») in the single
285 was associated with autonomic (behavioral avoidance test
al (differential fear conditioning; n = 49 patients, n = 38 con-
re with responding towards exposure-based cognitive behav-
nts). An interaction of genotype with current PD/AG diagnosis
only) and their modification after CBT was tested as well. Ex-
BT, revealed A-allele carriers irrespective of diagnostic status
ctivation in the hippocampus, motor cortex (MC) and insula.
, anterior cingulate cortex (ACC) and insula was found in the
s. Differential activation in ACC and hippocampus was present
C activation was modified after treatment, while no overall
clinical outcomes was found. On the behavioral level, A-allele
r reactivity prior to CBT which partially normalized afterwards.
racts in a complex manner with PD/AG on a functional systems
he development of PD/AG but not in their treatment. 
ll rights reserved. 

efensive motor reflex circuits ( Lynch, 2004 ) and cate-
orical (panic disorder (PD)) as well as dimensional (ago-
aphobia (AG)) characteristics of fear/anxiety, increased 
tartle responses and neural indicators of defensive re- 
ponding ( Deckert et al., 2017 ). Specifically the rs7688285
ingle nucleotide polymorphism (SNP) was associated with 
LRB expression changes and phenotypically showed the 
ost robust impact. On a neural level, GLRB and rs688285
ere associated to increased insular activation during fear 
onditioning as an intermediate phenotype of defensive sys- 
em reactivity which could be replicated in two further, in-
ependent healthy control samples ( Lueken et al., 2017 ). 
Defensive responses consist of phylogenetically old and 

daptive behavioral adjustments (e.g., startle, fight, flight 
nd freezing) and according autonomic reactivity (e.g., in- 
reased heart rate during flight) that prepare an organism to
efend itself or flee a potentially harmful situation. Higher-
evel cognitive systems can modulate the engagement of 
hese responses resulting in more complex behaviors such 
s prospective avoidance of potentially threatening situ- 
tions ( Mobbs et al., 2015 ). Together, defense responses
re associated with a diverse neurofunctional system 

onsisting of the cortical forebrain (e.g., (pre-)motor, pre- 
rontal and anterior cingulate cortex; ACC), the insula, lim-
ic (e.g., amygdala, hippocampus) and midbrain structures 
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( Carvalho et al., 2010; Fanselow 1994; Mobbs et al., 2009;
Wendt et al., 2017 ). These behaviors are modulated by
learning experiences, especially fear conditioning. Through
this process, the organism learns to discriminate between
signals predicting threat (conditioned stimulus (CS) that is
followed by an unconditioned stimulus (US); CS + ) and cues
predicting safety (CS that is never paired with an US; CS −)
and integrates it in a way that eventually the CS + alone
evokes defensive reactions (e.g., freezing) to cope with the
upcoming threat ( Fullana et al., 2016; Lonsdorf et al., 2017;
Sehlmeyer et al., 2009; Wendt et al., 2017 ). 

Based on the initial findings of GLRB , we aimed to further
explore the role of rs7688285 allelic variation in context of
current PD/AG diagnosis and its treatment on multiple re-
sponse levels (symptom reports, autonomic responding and
neural data). Due to the current lack of studies on the in-
termediate GLRB -phenotype in the patient population, ex-
ploratory analyses on existing samples are a starting point
to pave the way for future systematic research in larger
samples. Thus, we aimed to provide initial insights on a
translational level. In line with previous research ( Deckert
et al., 2017; Lueken et al., 2017 ), we expected a) A-allele
carriers (previously identified as carriers of genetic «risk»;
Deckert et al., 2017; Lueken et al., 2017 ) to show signs of
enhanced defensive autonomic responding in a behavioral
test as well as altered fear processing on a neural level in
a fear conditioning and extinction task. Furthermore, aim-
ing to translate findings from healthy subjects to the clinical
population, we hypothesized that b) genotype would inter-
act with current diagnosis in terms of a more pronounced
effect in patients than in healthy subjects. Finally, investi-
gating the potential of CBT as first-line treatment to modify
bio-behavioral «risk» signatures as observed prior to treat-
ment, we explored whether c) genotype interacts with the
response toward exposure-based CBT in which dysfunctional
defensive reactivity is modified by corrective fear-inhibitory
learning in PD/AG patients (therapygenetic effect). 

2. Experimental procedures 

2.1. Participants 

Participants represent sub-samples (behavioral avoidance test
(BAT): n = 267 patients AA/AG n = 91, GG n = 176; CBT completer:
n = 184 patients, AA/AG n = 61, GG n = 122; fMRI pre: n = 49 pa-
tients AA/AG n = 13, GG n = 36, n = 38 healthy controls/HC, AA/AG
n = 17, GG n = 22; fMRI post : n = 39 patients: A/AG n = 9, GG n = 30;
n = 29 HC, A/AG n = 13, GG n = 16; Supplementary Figure SF1) from
the randomized controlled multicenter trial «Mechanism of Action
in CBT » (MAC) with a total number of 369 enrolled patients ( Gloster
et al., 2009 ). This study was part of the national research network
PANIC –NET funded by the German Federal Ministry of Education and
Research. The study with all of its subprojects was approved by the
respective local ethical committees; written informed consent of
all participants was obtained. Detailed information about inclusion
and exclusion criteria, clinical assessment, treatment procedure,
and measures of quality control for fMRI data can be found else-
where ( Gloster et al., 2011; Straube et al., 2014 ) and in the Sup-
plementary Methods 1.1–1.3. Patients were free from psychotropic
medication, not related, and fulfilled a diagnosis of PD/AG accord-
ing to DSM-IV-TR criteria ( American Psychiatric Association 2000 )
as diagnosed by the Composite International Diagnostic Interview
( Wittchen et al., 1997 ) (CIDI). Treatment consisted of 12 sessions
of standardized exposure-based CBT (Supplementary Methods 1.2).
The Structured Interview Guide for the Hamilton Anxiety Scale
(SIGH-A) ( Shear et al., 2001 ) served as the primary of five outcome
measure with reductions in symptom severity of at least 50% defin-
ing a clinically meaningful response ( Gloster et al., 2011 ) (Supple-
mentary Methods 1.4). 

Genotype data of patients were previously included in the GWAS
study ( Deckert et al., 2017 ) as one of two independent validation
samples for GLRB locus identification and the baseline (t1) fMRI
sample of controls was included in Lueken et al. (2017) as one of
two independent samples. The present work provides new data in
terms of genotype associated fMRI, BAT and clinical outcomes in
patients focused on the multilevel longitudinal aspect by investi-
gating the therapygenetic effects of GLRB and the potential of CBT
to modify bio-behavioral «risk» signatures. 

2.2. Genotyping 

Genotyping of rs7688285 on blood samples was performed with
Sequenom ś MassArray® system (Sequenom, San Diego, CA, USA),
as recommended by the manufacturers and described previously
( Deckert et al., 2017 ). While Deckert et al. (2017) identified
four SNPs (rs7688285, rs78726293, rs191260602, rs17035816) asso-
ciated with dimensional or dichotomous agoraphobic phenotypes,
we chose to pick rs7688285 for our analyses for three major rea-
sons: 1) rs7688285 had by far the strongest association with the
phenotype at the categorial level (PD/AG patients vs. HC), 2) in
our sample only rs7688285 had a distribution that allowed to dif-
ferentiate reasonably between genetic subgroups (Supplementary
Methods 1.7), 3) we could avoid the problems of multiple testing,
by focusing on the most promising candidate SNP. The rs7688285
SNP is a marker for the GRLB gene located on chromosome 4q31-
34 ( Deckert et al., 2017; Kaabi et al., 2006 ). According to Deckert
et al. (2017) , the minor A-allele of rs7688285 is associated with in-
creased risk for the dichotomous agoraphobia phenotype based on
the Symptom Checklist-90 and goes along with increased mRNA ex-
pression of GLRB in human midbrain tissue post mortem. Carriers
of at least one A-allele were thus defined as carriers of this genetic
«risk» compared to GG-homozygotes. 

2.3. Psychophysiological data acquisition and analysis 
during BAT 

Patients were assessed in a standardized behavioral avoidance test
(BAT) consisting of an exposure to a small, dark and closed test
chamber prior to (t1) and after CBT (t2). The procedure is described
in detail elsewhere ( Hamm et al., 2016; Richter et al., 2012 ) and in
the Supplementary Methods 1.5. The duration of tolerated exposure
was obtained as index of behavioral fear response with a) passive
avoidance: patients completely avoiding to enter the chamber, b)
active avoidance: patients who first entered the chamber but left it
before completing the intended exposure duration of 10 min and c)
no avoidance . After each phase (anticipation/exposure/recovery),
the intensity of experienced anxiety and panic symptoms were as-
sessed by paper and pencil immediately on a 10-point Likert scale
ranging from 1 (not at all) to 10 (very strong). During the entire test,
the electrocardiogram (ECG) was measured as described elsewhere
( Reif et al., 2014 ) in patients showing active or no avoidance. 

To test the effect of genotype, reported fear levels and heart
rate we conducted a mixed-model of variance including genotype
as between-subjects factor and BAT phase as within-subject fac-
tor. The presence of avoidance behavior (active vs. no avoidance)
was included as between-subjects factor to control for the effects
of active avoidance ( Richter et al., 2012 ). To test the genotype

http://dx.doi.org/10.13039/100010002
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Table 1 Baseline (t1) effects of GLRB genotype (rs7688285) on brain activation patterns during fear acquisition and extinction 
(cluster peak voxels are given). 

Contrast/Region hemisphere n. voxels MNI coordinates t P 

x y z 

Main effect of genotype 

Overall: A > GG 

Hippocampus L 275 −20 −42 8 3.76 < 0.001 
Motor cortex (BA 4/6) L 459 −42 −12 52 3.61 < 0.001 
Insula L 337 −44 4 2 3.37 < 0.001 
Motor cortex (BA 6) R 155 16 −18 52 3.35 < 0.001 
Insula R 366 28 20 12 3.31 < 0.001 

Overall: GG > A No differential activation 
Full acquisition: A > GG 

Occipital gyrus R 486 40 −68 2 4.05 < 0.001 
Motor cortex (BA 4/6) L 190 −42 −10 50 3.48 < 0.001 
Occipital gyrus R 185 28 −22 62 3.2 0.001 
Motor cortex (BA 4/6) R 150 50 −6 52 3.12 0.001 

Full acquisition: GG > A No differential activation 
Full extinction: A > GG 

Insula R 225 34 28 14 3.41 < 0.001 
Full extinction: GG > A No differential activation 

Interaction genotype X diagnosis 
Overall: (A > GG) > (PD/AG > HC) No differential activation 
Overall: (A > GG) > (PD/AG < HC) 

Occipital gyrus/visual cortex R 5493 26 −86 −12 6.22 < 0.001 
Olfactory bulb (4.00 mm dev.) L 303 0 2 −8 4.32 < 0.001 
Middle cingulate cortex L 360 −10 14 44 4.03 < 0.001 
Operculum R 389 42 −18 30 3.92 < 0.001 
Anterior cingulate cortex R 2336 14 48 6 3.75 < 0.001 
Middle cingulate cortex R 201 18 4 46 3.73 < 0.001 
Insula L 265 −34 16 14 3.68 < 0.001 
Motor cortex (BA 6) R 535 52 4 42 3.79 < 0.001 
Anterior/middle cingulate cortex L 215 −10 22 24 3.65 < 0.001 
Middle occipital gyrus L 370 −20 −88 24 3.55 < 0.001 

Full acquisition: (A > GG) > (PD/AG > HC) No differential activation 
Full acquisition: (A > GG) > (PD/AG < HC) 

Visual cortex R 1250 26 −86 −12 5.02 < 0.001 
Fusiform gyrus L 168 −32 −76 −10 3.92 < 0.001 
Cerebellum R 224 30 −48 20 3.2 < 0.001 

Full extinction: (A > GG) > (PD/AG > HC) No differential activation 
Full extinction: (A > GG) > (PD/AG < HC) 

Visual cortex R 3603 14 −94 6 5.07 < 0.001 
Olfactory bulb (6.32 mm dev.) L 241 −2 0 −10 4.53 < 0.001 
Middle cingulate cortex R 152 18 4 48 3.64 < 0.001 
Middle cingulate cortex L 325 −12 10 46 3.64 < 0.001 
Insula L 366 −38 12 −8 3.58 < 0.001 
Middle occipital gyrus L 470 −24 −88 24 3.56 < 0.001 
Anterior cingulate cortex R 920 16 48 6 3.48 < 0.001 
Thalamus R 367 6 −14 24 3.4 < 0.001 
Motor cortex (BA 6) R 183 54 4 42 3.33 < 0.001 
Motor cortex (BA 6) R 385 16 −4 70 3.29 0.001 
Operculum L 165 −38 −24 24 3.28 0.001 

Interaction genotype X CS 
Overall acquisition: (CS + > CS −) > (A > GG) No differential activation 
Overall acquisition: (CS − > CS + ) > (A > GG) No differential activation 
Full acquisition: (CS + > CS −) > (A > GG) No differential activation 
Full acquisition: (CS − > CS + ) > (A > GG) No differential activation 
∗ Early Acquisition: (CS + > CS −) > (A > GG) No differential activation 

( continued on next page ) 
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Table 1 ( continued ) 

Contrast/Region hemisphere n. voxels MNI coordinates t P 

x y z 

∗ Early Acquisition: (CS − > CS + ) > (A > GG) 
Amygdala L 178 −26 8 −20 3.64 < 0.001 
ROI Amygdala † L 53 −26 4 −18 3.33 0.006 
Superior temporal gyrus L 376 −58 −2 −2 3.63 < 0.001 

∗ Late Acquisition: (CS + > CS −) > (A > GG) No differential activation 
∗ Late Acquisition: (CS − > CS + ) > (A > GG) No differential activation 
Full Extinction: (CS + > CS −) > (A > GG) No differential activation 
Full Extinction: (CS − > CS + ) > (A > GG) No differential activation 

Interaction genotype X diagnosis X CS 
Overall: (CS + > CS −) > (A > GG) > (PD/AG > HC) No differential activation 
Hippocampus L 143 −28 −24 −12 3.19 0.001 

Overall acquisition: (CS − > CS + ) > (A > GG) > (PD/AG > HC) No differential activation 
Full acquisition: (CS + > CS −) > (A > GG) > (PD/AG > HC) No differential activation 
Full acquisition: (CS − > CS + ) > (A > GG) > (PD/AG > HC) No differential activation 
∗ Early Acquisition: (CS + > CS −) > (A > GG) > (PD/AG > HC) No differential activation 
Hippocampus/MCC/ACC L 6006 −14 −36 −10 4.65 < 0.001 
2nd maximum MCC L −6 −32 32 4.31 < 0.001 
3rd maximum ACC L 6 10 28 4.23 < 0.001 
Hippocampus R 376 16 −36 −6 4.19 < 0.001 
Hippocampus R 225 28 −22 −26 3.92 < 0.001 
Middle occipital gyrus L 257 −38 −76 20 3.89 < 0.001 
Hippocampus L 199 −22 −14 −28 3.75 < 0.001 
Motor cortex (BA 4) R 911 54 −24 56 3.75 < 0.001 
Superior temporal gyrus R 356 62 −6 0 3.45 < 0.001 
Motor cortex (BA 6) R 186 6 2 70 3.31 < 0.001 

∗ Early Acquisition: (CS − > CS + ) > (A > GG) > (PD/AG > HC) No differential activation 
∗ Late Acquisition: (CS + > CS −) > (A > GG) > (PD/AG > HC) No differential activation 
∗ Late Acquisition: (CS − > CS + ) > (A > GG) > (PD/AG > HC) 
Inferior temporal gyrus R 939 54 −46 30 4.16 < 0.001 
Cuneus R 1565 12 −88 32 4.09 < 0.001 
Cerebellum R 2239 6 −54 0 4.04 < 0.001 
Amygdala R 342 34 6 −32 3.79 < 0.001 
ROI Amygdala † R 27 34 0 −28 3.42 0.005 

Full Extinction: (CS + > CS −) > (A > GG) > (PD/AG > HC) 
Motor cortex (BA 4/6) L 310 −12 −24 64 3.51 < 0.001 
Motor cortex (BA 6) R 706 18 −18 64 3.4 < 0.001 

Abbreviations: A: carriers of at least one A-allele, GG: carriers of two G-alleles; PD/AG: panic disorder and agoraphobia: HC: healthy 
control subjects; CS + : conditioned stimulus that is followed by the unconditioned stimulus (US) with a reinforcement rate of 50% (only 
unpaired CS + were included; CS −: conditioned stimulus that is never followed by an US; L: left; R: right; n. voxel: number of voxels per 
cluster; BA: Brodmann area; dev., Deviation (in mm) from the identified anatomical structure using anatomic automatic labeling (aal); 
ACC: anterior cingulate cortex; MCC: middle cingulate cortex; ∗: Based on previous findings in Kircher et al. (2013) differential effects 
on CS-processing were expected to be most present likely during early acquisition. Small volume correction using Automatic Anatomical 
Labeling (aal) mask for the left amygdala, family-wise error correction at p < 0.05 Whole brain results at p < 0.005 (uncorr.) with a minimum 

cluster size of 142 contiguous voxels, indicating to correct for multiple comparisons at p < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

depended effect of CBT on BAT reactivity we additionally included
the within-subject factor time (t1 vs. t2). 

2.4. fMRI data acquisition and analysis 

A previously validated ( Reinhardt et al., 2010 ) fear conditioning
and extinction task was applied: during the acquisition phase (A),
the US (white noise) and one of two previous neutral stimuli (col-
ored sphere) were paired (reinforcement rate of 50%) to become
the fear related conditioned stimulus (CS + ) while the other stim-
ulus was never paired and consequently acquired safety signal
properties (CS −). In the extinction phase (E), both CS were pre-
sented again without the US. Preprocessing and first level analy-
ses followed previous publications ( Kircher et al., 2013; Lueken et
al., 2017; Reif et al., 2014 ; and Supplementary Methods 1.5). On
group level, only those trials in which no US was delivered dur-
ing acquisition were analyzed to avoid an overlap with neuronal
activation directly related to the presentation of the US ( Kircher
et al., 2013 ). 
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A flexible factorial design including gender, age, years of educa-
ion, center and BDI value as covariates of no interest was used to
xamine activation differences during presentation of CS + and CS −
eparately for A (early, late) and E between A-allele carriers and
G-homozygotes in patients and controls. At t1, these contrasts of
nterest were calculated: (1) main effect of genotype to reveal the
eneral influence of «risk» status on brain activation, (2) interac- 
ion between genotype and diagnosis to test for the diagnosis spe-
ific influence of genotype, (3) interaction between genotype and 
S-type to test for the differential learning effects depending only
n genetic «risk», (4) interaction between genotype, CS-type and 
iagnosis to investigate the effects of genotype on CS-processing in
he presence of current psychopathology. Finally, using a separate 
exible factorial analysis, including patients’ and controls pre- and 
ost-treatment data, we explored if neural signatures related to 
he A-allele genotype and diagnosis in patients were modified after
BT by testing in patients (1) the interaction between genotype and
ime (t1, t2) and (2) between genotype, time and CS-type (Supple-
entary Methods 1.6). 
In accordance with previous analyses ( Kircher et al., 2013;

ueken et al., 2017; Reif et al., 2014 ), a Monte Carlo simulation
t threshold p < 0.005 (uncorr.) and a minimum cluster size of 142
ontiguous voxels was used to correct for multiple comparisons at
 < 0.05 for all contrasts of interest. Clusters were localized us-
ng the Anatomy Toolbox v1. Post hoc small volume corrections of
he amygdala were performed using the masks of the Automated
natomical Labeling (aal) implemented in SPM5. Beta values from 

ignificant peak voxels of these clusters were extracted for bar 
raph visualization. 

. Results 

.1. Sample characteristics 

enotype dependent sample characteristics for all subsam- 
les are given in the Supplementary Table S1. Before treat-
ent, patients with and without A-allele did not differ in 
emographic and clinical characteristics suggesting compa- 
able severity of panic/agoraphobic and depressive symp- 
oms. Genotype distribution did not deviate from the Hardy- 
einberg equilibrium. Among the fMRI sample, patients and 
ontrols only differed in education but not in their neuropsy-
hological characteristics. Patients scored higher than con- 
rols in the Anxiety Sensitivity Index (ASI) and the Beck De-
ression Inventory II (BDI II). 

.2. Psychophysiological assessment during BAT 

etailed results are reported in the Supplementary Table 
2a. In short, genotype was not associated with the fre-
uency of active and passive avoidance behavior or mean 
uration of BAT exposure during pre-treatment assessment. 
n those patients entering the test room, A-allele carriers 
eported more pronounced fear during BAT exposure rel- 
tive to phases of anticipation and recovery as compared 
o GG-homozygotes ( Fig. 1 a) and irrespective of avoidance 
ehavior. Increased fear reports went along with a higher 
eart rate acceleration from last minute of anticipation 
o first minute of BAT exposure in A-allele carriers rela-
ive to GG-homozygotes ( Fig. 1 b), again in both active- and
on-avoiders. This genotype associated modulation was spe- 
ific for fear activation during exposure as overall heart 
ate did not differ between genotype groups across all BAT
hases. 

.3. Neural correlates of fear conditioning/fMRI 

etailed results are reported in Table 1 . 

ain effects of GRLB. Across groups (PD/AG vs. controls)
nd stimulus types (CS + /CS −), an overall main effect of
igher activation of the A-allele genotype was observed in
he left hippocampus, bilateral motor cortex (MC) and bi-
ateral insula ( Fig. 2 a). 

nteraction effect genotype x diagnosis. Across both stim- 
lus types, an overall interaction between genetic A-allele 
enotype and group (PD/AG vs. controls) was found in the
ilateral anterior and middle cingulate cortex (ACC/MCC), 
eft insula (located more anterior than the cluster identified
n the main effect) and right MC. A-allele carrying controls
howed higher activation, while A-allele carrying patients 
xhibited a reverse pattern ( Fig. 2 b). 

nteraction effect genotype x CS Regarding the A-allele ef-
ects on differential conditioning, an interaction between 
timulus type and genotype across groups during early ac-
uisition was found in the left amygdala. Over both groups
PD/AG and controls), the A-allele genotype showed higher 
ctivation during CS − versus CS + presentation ( Fig. 2 c). 

nteraction effect genotype x diagnosis x CS. An overall in-
eraction effect between the A-allele, diagnosis and stimu- 
us type was found in the left hippocampus. During early ac-
uisition, diagnosis specific effects of the A-allele genotype 
epending on stimulus type were found in the right MC, mid-
ine ACC, MCC, and bilateral hippocampal regions. A-allele 
arrying versus GG-homozygote patients showed higher ac- 
ivation to CS + than CS − in these regions, whereas controls
howed the reverse pattern. During late acquisition , more
ctivation for CS − > CS + was found in the right amygdala
f A-allele carrying patients, whereas controls showed the 
everse pattern ( Fig. 2 d). 

uring full extinction an interaction was found in the bilat-
ral MC where A-allele carrying versus GG-homozygote pa- 
ients showed higher activation to CS + than CS −; controls
howed the reverse pattern. 

.4. Modification of GLRB related processes after 
BT 

.4.1. Treatment response 

s reported in detail elsewhere ( Gloster et al., 2011 ), pri-
ary outcomes improved considerably during treatment. 
imensional and responder analyses revealed that symp- 
om reduction did not differ depending on rs7688285 
enotype (supplementary materials: Results 2.1 and 
able S3). 

.4.2. Psychophysiological assessment during BAT 

etailed results are reported in the Supplementary Ta- 
le S2b. We found an overall decrease of avoidance be-
avior during BAT after treatment, as indicated by an
ncrease of tolerated exposure duration from t1 to t2 in
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Fig. 1 Main effect of GLRB genotype on BAT outcome measures in PD/AG patients. A: Main effect of GLRB genotype on reported 
fear (F(2468) = 3.33, p = 0.04; A: n = 91, G: n = 176) at t1. B: Heart rate increase from last minute of anticipation phase to first 
minute of exposure phase (F(1205) = 5.69, p = 0.02; A: n = 68, G: n = 141) at t1 C: decrease of heart rate from t1 to t2 during 
BAT exposure phase (F(1125) = 5.08, p < 0.05; A: 39, G: n = 90). A: carriers of at least one A-allele, GG: GG-homozygotes; �bpm: 
deviation of beats per minute. See also Supplementary Table ST2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pre-treatment avoiders. However, this decrease did not dif-
fer between genotype groups. In those patients entering
the test chamber during both assessments, mean heart rate
was found to decrease from t1 to t2 in the GG-variation
but not in the A-allele group ( Fig. 1 c) over all BAT phases
and irrespective of avoidance behavior. Reported fear de-
creased from t1 to t2 which did not differ between genotype
groups. 

3.4.3. Neural correlates of fear conditioning/fMRI 
Detailed results are reported in Table 2 . Analyses are fo-
cused on the patient group only to reduce complexity. To
further test the group specificity of the clusters found in pa-
tients, we calculated ANOVAs based on extracted individual
parameter estimates (using the VOI function of SMP5). 

Interaction effect genotype x time. Analysis across pre-
and post-treatment showed that activation related to the
A-allele genotype was altered following CBT overall in the
ACC, MCC and visual processing areas. A-allele carriers vs.
GG-homozygotes showed increased activation in the cingu-
late cortex after CBT ( Fig. 3 ). 

Interaction effect genotype x time x CS. The interac-
tion between genotype, time and stimulus type revealed
higher activation in the motor cortex during acquisition
post-treatment for A-allele carriers towards CS + than CS −.



GLRB variation and fear processing in PD/AG 1145 

Fig. 2 GLRB genotype associated BOLD activation in fear conditioning and extinction at baseline. A: carriers of at least one A- 
allele: PD/AG n = 13, controls n = 17, GG: GG-homozygotes: PD/AG n = 36, controls n = 22; PD/AG: diagnosis of panic disorder and 
agoraphobia: HC: healthy control subjects; CS + : conditioned stimulus that is followed by the unconditioned stimulus (US) with a 
reinforcement rate of 50% (only unpaired CS + were included in the analyses; CS −: conditioned stimulus that is never followed by 
an US). A: Main effect of GLRB genotype during full course of fear conditioning (MNI coordinates x, y, z: 16, −18, 52, 155 voxels, 
t = 3,35, p < 0.001; −44, 4, 2, 337 voxels, t = 3.37, p < 0.001; −20, −42, 8275 voxels, t = 3,76, p > 0.001). B: Interaction between 
GLRB genotype and presence of diagnosis during full course of fear conditioning (MNI coordinates x, y, z: 52, 4, 42, 535 voxels, 
t = 3,79, p < 0.001; −34, 16, 14, t = 3.68, p < 0.001; −10, 22, 24, t = 3.65, p < 0.001). C: Interaction between GRLB genotype 
and stimulus type (CS + = threat; CS −= safety signal) during early acquisition (MNI coordinates x, y, z: −26, 4, −18, 53 voxels, 
t = 3.33, p = 0.0.006, small volume correction using Automated Anatomical Labeling (aal) masks, family-wise error correction at 
p < 0.05). D: Interaction between GRLB genotype, presence of PD/AG diagnosis and stimulus type during early and late acquisition 
(MNI coordinates x, y, z: 54, −24, 56, 911 voxels, t = 3.75, p < 0.001; 6, 10. 28, 3rd maximum of an 6006 voxels cluster, t = 4.23, 
p = < 0.001, −22. −14 −28, 199 voxels t = 3.75, p < 0.001; 34, 0 −28, 27 voxels, t = 3.42, p = 0.005, small volume correction 
using aal masks, family-wise error correction at p < 0.05). Bar graphs illustrate the contrast estimates (arbitrary units (a.u.)) of 
activation. Error bars indicate the s.e.m. in all cases. Peak voxels of identified clusters based on the “Overlap between structure 
and function” of the Anatomy Toolbox v1.5 and the “Cluster Labeling” of the aal implemented in SPM5 are given. See also Table 1 . 



1146 I.C. Ridderbusch, J. Richter and Y. Yang et al. 

Table 2 GLRB (rs7688285) genotype effects on brain activation patterns in patients during fear acquisition and extinction modified 
after CBT. 

Contrast/Region hemisphere n. voxels MNI coordinates t P 

x y z 

Interaction genotype X time 

Overall: (t1 > t2) > (A > GG) No differential activation 
Overall: (t2 > t1) > (A > GG) 

Visual cortex, BA 17/18 R 1727 12 −88 −8 5.07 < 0.001 ∗

Fusiform gyrus L 990 −32 −78 −10 4.22 < 0.001 ∗

Anterior/middle cingulate cortex R 2082 10 28 34 3.95 < 0.001 ∗

Middle temporal gyrus R 188 16 56 8 3.11 0.001 
Full acquisition: (t1 > t2) > (A > GG) No differential activation 
Full acquisition: (t2 > t1) > (A > GG) 

Visual cortex, BA 17/18 & Cerebellum L 5152 −12 −94 −4 4.93 < 0.001 ∗

Middle frontal gyrus & middle/anterior cingulate cortex L 5114 −6 2 50 3.69 < 0.001 ∗

Pallidum R 403 18 −6 6 3.65 < 0.001 ∗

Superior temporal gyrus R 162 64 −10 4 2.98 0.001 ∗

Full extinction: (t1 > t2) > (A > GG) No differential activation 
Full extinction: (t2 > t1) > (A > GG) 

Visual cortex, BA 17/18 R 145 14 −88 −8 3.79 < 0.001 ∗

Interaction genotype X CS X time 

Overall: (t1 > t2) > (CS + > CS −) > (A > GG) No differential activation 
Overall: (t2 > t1) > (CS + > CS −) > (A > GG) 

Middle frontal gyrus L 303 −44 24 44 4 < 0.001 
Full acquisition: (t1 > t2) > (CS + > CS −) > (A > GG) No differential activation 
Full acquisition: (t2 > t1) > (CS + > CS −) > (A > GG) 

Cerebelum & visual cortex, BA 17/18 R 13,517 40 −42 −26 4.77 < 0.001 ∗

Motor cortex, BA 4/6 R 2301 38 −32 60 4.53 < 0.001 
Superor temporal gyrus L 1239 −58 0 4 4.03 < 0.001 
Motor cortex, BA 4/6 L 580 −40 −16 40 3.65 < 0.001 
Superior temporal gyrus R 216 62 −14 6 3.47 < 0.001 
Pons L 195 8 −22 −16 3.32 < 0.001 

Full extinction: (t1 > t2) > (CS + > CS −) > (A > GG) 
Superior frontal gyrus R 142 26 −2 72 4.05 < 0.001 
Middle frontal gyrus L 253 −24 36 24 3.67 < 0.001 

Full extinction: (t2 > t1) > (CS + > CS −) > (A > GG) No differential activation 

Abbreviations: t1: baseline data acquired prior to treatment; t2: post-treatment data; A: carriers of at least one A-allele, GG: carriers 
of two G-alleles; CS + : conditioned stimulus that is followed by the unconditioned stimulus (US) with a reinforcement rate of 50% (only 
unpaired CS + were included; CS −: conditioned stimulus that is never followed by an US; L: left; R: right; n. voxel: number of voxels per 
cluster; BA: Brodmann area. Whole brain results at p < 0.005 (uncorr.) with a minimum cluster size of 142 contiguous voxels, indicating to 
correct for multiple comparisons at p < 0.05. ∗: significant group differences at p < 0.05 in interaction effects between genotype and time 
using repeated measure ANOVAs with parameter estimates in corresponding clusters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This effect seemed to be treatment unspecific, because it
was found in controls as well. 

4. Discussion 

This study investigated the role of rs7688285 allelic varia-
tion coding for GLRB expression and PD/AG pathophysiol-
ogy in context of defensive responding. Across autonomic
and neural levels, we explored how neural intermediate
phenotypes of genetic variants are associated with the
presence of current PD/AG diagnosis and the potential of
exposure-based CBT to act upon these multilevel (patho-
)physiological «risk» signatures. 

The following main results were obtained: First, we found
general genotype dependent effects in key brain regions
related to fear conditioning and extinction as well as on
the autonomic level of defensive responding. Second, and
unlike initial expectations, the neurofunctional signatures
associated with GLRB A-allele genotype and GLRB X stim-
ulus type found in healthy subjects – mainly the anterior
insula ( Deckert et al., 2017; Lueken et al., 2017 ) – were
not further amplified in patients with current diagnosis, as
A-allele carrying patients showed several reverse patterns
of neurofunctional activation that was more comparable to
GG-homozygote controls. Third, the neural and autonomic
signatures in patients were partly modified after CBT treat-
ment. Noteworthy, results regarding treatment response
revealed no pronounced differences as a function of
rs7688285 genotype. 

In line with previous findings from partly independent
data-sets ( Deckert et al., 2017; Lueken et al., 2017 ) (see
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Fig. 3 GLRB genotype associated BOLD activation in fear conditioning and extinction after CBT. A: carriers of at least one A-allele: 
PD/AG n = 9, GG: GG-homozygotes n = 30; CS + : conditioned stimulus that is followed by the unconditioned stimulus (US) with a 
reinforcement rate of 50% (only unpaired CS + were included; CS −: conditioned stimulus that is never followed by an US. A: Overall 
interaction effect between GLRB genotype and time in patients (MNI coordinates x, y, z: 10, 28, 34, 2082 voxels, t = 3.95, p < 0.001). 
Bar graphs illustrate the contrast estimates (arbitrary units (a.u.)) of activation. Error bars indicate the s.e.m. in all cases. Peak 
voxels of identified clusters based on the “Overlap between structure and function” of the Anatomy Toolbox v1.5 and the “Cluster 
Labeling” of the Automated Anatomical Labeling implemented in SPM5 are given. See also Table 2 . 
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articipants section), we found increased insular activity 
ver A-allele carrying patients and controls within a clus- 
er in the mid insula. Further, increased activity in the hip-
ocampus and MC was found to be associated with allelic 
ariation. However, we found the A-allele presence to in- 
eract with the current presence of PD/AG diagnosis. Insular 
ctivation in an anterior cluster, hippocampus, motor cortex 
nd cingulate activation was differentially associated with 
llelic variation and diagnostic status. This interaction re- 
ealed reverse patterns in patients vs. controls: the neural 
ignature in the patient A-allele group was more comparable 
o GG-homozygote controls. This leads to the yet prelimi- 
ary assumption that intermediate phenotypes as identified 
n healthy subjects ( Lueken et al., 2017 ) cannot simply be
xtrapolated to clinical groups in terms of a linear relation.
nstead, the relationship between genotype and the pres- 
nce of current clinical diagnosis might be more complex, 
ossibly following an inverted u-shaped function ( Cools and 
’Esposito 2011; Vijayraghavan et al., 2007; Waal and Pre- 
ton 2017 ). 
Differential fear learning was also found to be associated 
ith rs7688285 allelic variation and diagnosis. During early 
cquisition, A-allele carrying patients showed more activ- 
ty toward the threat (CS + ) than to the safety signal (CS −)
n bilateral hippocampal regions, whereas controls showed 
he reverse pattern – as previously reported for the indepen- 
ent healthy sample 1 in Lueken et al. (2017) . As early ac-
uisition is crucial for establishing the association between 
S + and aversive stimuli ( Kircher et al., 2013 ), and con-
idering the hippocampus to be highly involved in memory 
ormation ( Rothschild et al., 2017 ), its higher activation to-
ard CS + could indicate higher priority of encoding threat.
 similar activation pattern was also found in the motor
ortex. As GLRB plays an important role in defensive mo-
or reflex circuits ( Lynch 2004 ), the motor cortex activa-
ion might indicate top-down involvement of voluntary mo- 
or control to react to potentially harmful stimuli reflecting 
ntentional defensive behavior in response to an approach- 
ng threat. In contrast, on the level of amygdala reactivity,
igher activation was associated with enhanced safety sig- 
al (CS −) processing during late acquisition in A-allele car-
ying patients but not in A-allele carrying controls. How-
ver, during early acquisition, A-allele carriers over both 
roups showed higher amygdala activation toward the CS −,
n line with the independent healthy sample 1 in Lueken et
l. (2017) . Again, that supports the idea of potential non-
inearity in phenotypes in the context of current diagnosis. 
During BAT, A-allele carrying patients demonstrated el- 

vated fear reactivity as reflected by more pronounced 
ear ratings and autonomic arousal compared to GG- 
omozygotes. This genotype effect was limited to the expo-
ure phase suggesting fear specific effects evoked by prox-
mal threat ( Hamm et al., 2016 ). In line with the previous
bservation of increased fear potentiated startle during BAT 
 Deckert et al., 2017 ), we found the GLRB A-allele genotype
o be associated with heightened defensive reactivity pos- 
ibly preparing for a behavioral fight/flight response. How- 
ver, we did not find increased tendency for active or pas-
ive avoidance suggesting that an open display of this kind
f behavioral fear response depends on additional factors 
 Helbig-Lang et al., 2014 ). 
Concerning the expected influence of GLRB genotype on 

he response to CBT, treatment effects were not found to
e affected by allelic variation on the level of reported
ymptom severity. On the neural level, however, reactiv- 
ty in the cingulate cortex was partly modified after CBT:
he general genotype associated effect in A-allele carri- 
rs was reversed, whereas the differential fear learning 
ffect during early acquisition in the ACC and hippocam-
us was found to be unaltered after CBT. Furthermore,
he previously reported activation reduction in the inferior 
rontal gyrus ( Kircher et al., 2013 ) was not associated with
enotype (Supplemental Results 2.1). Our findings of in- 
reased overall activation of the cingulate cortex, confirm 

his region to be a sensitive area in terms of activation
hanges from prior to post treatment in anxiety and de-



1148 I.C. Ridderbusch, J. Richter and Y. Yang et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pressive disorders ( Dunlop et al., 2017; Lueken et al., 2016;
Siegle et al., 2012 ). The cingulate cortex is crucial for fear
expression, attention and motor control, functionally con-
nected with the amygdala, anterior insula and hippocampus
( Bush et al., 2000 ) and plays an important role in fear reg-
ulation ( Etkin et al., 2011 ). Our pre-treatment data suggest
that patients carrying the A-allele activate more of these
neurofunctional resources when processing threat (CS + ),
while controls carrying the A-allele are more focused on
safety signals (CS −). This also underlays the assumption of
non-linearity in the interaction of phenotype and current
psychopathology. 

During post-treatment BAT, we observed unaltered heart
rate responses in A-allele carrying patients, while a de-
crease from the pre-treatment assessment was observed
in the GG-homozygote group. Persistent autonomic arousal
during the fear challenge suggests still strongly pronounced
physiological fear reactivity ( Hamm et al., 2016; Richter et
al., 2012 ) after treatment. Hence, in A-allele carrying pa-
tients, CBT might be effective in reducing avoidance behav-
ior, but fail to normalize exaggerated physiological respond-
ing during threat. Future research needs to test whether
residual defensive reactivity might favor symptom relapse
on the long run. 

Several limitations must be considered. Since genetic
variance cannot be manipulated in human samples, the re-
lationship between investigated data and allelic variation in
rs7688285 must be correlative. Additionally, diagnosis also
represents an unrandomized factor. Therefore, it is possible
that PD/AG diagnosis and altered fear reactivity are con-
founded by sharing causes. In this case, the descriptive po-
tential of our results is nevertheless informative. Further-
more, our results have to be interpreted with caution and
fMRI results must be classified as exploratory because of
the small sample sizes in the genotype subgroups especially
when conducting interaction analyses. We cannot exclude
that our results could either represent false positive ef-
fects or that important differences might have been missed
due to false negative findings. However, although this sam-
ple is likely underpowered, the clinical relevance of these
exploratory significant results on the rs7688285 associated
neural activation in PD/AG is high. Complex analyses are
needed to provide at least preliminary information about
group specific activation to better understand the role of
genes in the complex environment of factors possibly in-
fluencing psychopathologies. Another limitation is a possi-
ble selectivity of the patient sample. Since participation
was based on voluntary consent information and the fMRI-
setting itself can be afflicted with anxiety, we cannot ex-
clude that some patients – especially with additional claus-
trophobia – deliberately avoided participation. This could
have led to a potentially not representative sample regard-
ing the severity of anxiety or the functional level in the dif-
ferent subsamples, even though demographic and clinical
data were comparable across samples (Supplementary Ta-
ble ST1). The more valuable however, is the data at hand
of at least a small part of a patient-group that is difficult
to investigate in the fMRI. Our data benefit from originating
from a large and controlled clinical trial. Further longitudi-
nal investigations are needed on how risk factors contribute
to the development of PD/AG and how the brain is shaped
by both genetic risk and environmental factors (e.g., life
events/learning) ( Kuhn et al., 2016 ). This is of particular
relevance in clarifying the complex transition from (neu-
ral) endophenotypes to the development of current psy-
chopathology and is feasible in ongoing clinical multicenter
trials ( Heinig et al., 2017 ). 

To conclude, we consider our findings to support the hy-
pothesis of the rs7688285 SNP coding for GLRB being asso-
ciated with PD/AG. We provide preliminary evidence that
it represents a risk factor for altered fear reactivity on a
physiological and neurofunctional level and that it interacts
with the presence of current PD/AG diagnosis in a rather
complex way. A-allele carrying patients showed more pro-
nounced autonomic fear reactivity during BAT and altered
fear processing on a neural level. A modification of these
(dysfunctional) signatures seems to be possible but not ex-
haustive. Noteworthy, we found no evidence that the geno-
type affects treatment success on clinical (symptom reduc-
tion) or behavioral (BAT avoidance) levels. This suggests
that rs7688285 allelic variation might be involved in the de-
velopment of anxiety disorders but not necessarily in their
modification via CBT. Our results may help to expand the
knowledge of rs7688285 function on intermediate pheno-
types. So far, the A-allele is supposed to be the risk factor.
Our data however suggest, that this «risk»-allele as iden-
tified in subclinical populations may reverse its mechanism
of action in PD/AG patients. Interactions between genetic
«risk»-variants, normal and pathological forms of fear pro-
cessing and its modification by psychological interventions
seem to be complex and not necessarily linear. Thus – al-
though preliminary – our findings can provide an important
contribution to the yet young field of gene x environment
interactions and intermediate phenotypes, especially to the
newly investigated GLRB in the context of anxiety disorders.
Future systematic research on larger samples of the patient-
population is needed to clarify if the rs7688285 A-allele be-
comes a resilience factor in patients with current PD/AG at
least on a neural systems level. 

Funding/Support 

This work is part of the German multicenter trial “Mech-
anisms of Action in CBT (MAC)”. The MAC study is funded
by the German Federal Ministry of Education and Research
(BMBF; project no. 01GV0615; neuroimaging study: project
no. 01GV0611) as part of the BMBF Psychotherapy Research
Funding Initiative. The BMBF had no further role in study de-
sign; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit
the paper for publication. 

Contributors 

V. Arolt, H.U. Wittchen, A. Hamm, A.L. Gerlach, A. Ströhle,
B. Pfleiderer and T. Kircher designed the study and wrote
the protocol. H.U. Wittchen, A. Hamm A., T. Lang, S. Helbig-
Lang, L. Fehm, and A. Gloster designed and supervised
the clinical trial. A. Reif generated the genotype hypothe-
ses and undertook the genotyping together with H. We-
ber. Michael Hoefler undertook the statistical analysis of
the clinical data. T. Kircher and B. Straube supervised the

http://dx.doi.org/10.13039/100010002


GLRB variation and fear processing in PD/AG 1149 

M
fi  

C
a
R  

d
t  

m
s  

h

E

T
w  

t
t  

2

D

T
c
R  

P
S
B
g
t
p
h
P
a
r
p
N  

b
f
L
s
c
p
i  

s
s
E  

g
W
W
L

C

s
D
v
y
c
M

A
v
c
G
A
I
a
c
o
a
t
M
t
I
t
i
a
t
S
P
i

A

s  

M
c  

M
c
o  

m
n
A  

g  

(

t  

A  

D
b  

s

C
R
P
A
(
t
s
C
i
d
M
r
m
T
D

RI subproject. Y. Yang undertook the preprocessing and 
rst-level analysis of the fMRI data. J. Richter, P. Pauli and
. A. Pané-Farré specifically contributed to the behavioral 
voidance test (BAT) subproject designed by A. Hamm. J. 
ichter undertook the analysis of the BAT data. I.C. Rid-
erbusch generated the hypotheses of the paper, undertook 
he second-level analysis of the fMRI data and wrote the
anuscript. U. Lueken and B. Straube supervised the analy- 
es and writing of the paper. All authors contributed to and
ave approved the final manuscript. 

thical standards 

he authors assert that all procedures contributing to this 
ork comply with the ethical standards of the relevant na-
ional and institutional committees on human experimenta- 
ion and with the Helsinki Declaration of 1975, as revised in
008. 

eclaration of Competing Interest 

he following authors report no conflicts of interest con- 
erning the content of this paper: I. C, Ridderbusch, J. 
ichter, Y. Yang, M. Hoefler, H. Weber, A. Hamm, C. A.
ané-Farré, A. L. Gerlach, B. Pfleiderer, A. Gloster, T. Lang, 
. Helbig-Lang, L. Fehm, P. Pauli, A. Reif, U. Lueken, 
. Straube. T. Kircher received fees for educational pro- 
rams from Janssen-Cilag, Eli Lilly, Servier, Lundbeck, Bris- 
ol Myers Squibb, Pfizer, and Astra-Zeneca; travel sup- 
ort/sponsorship for congresses from Servier; speaker’s 
onoraria from Janssen-Cilag; and research grants from 

fizer and Lundbeck. H.-U. Wittchen has been member of 
dvisory boards of several pharmaceutical companies. He 
eceived travel reimbursements and research grant sup- 
ort from Essex Pharma, Sanofi, Pfizer , Organon, Servier, 
ovartis , Lundbeck, Glaxo Smith Kline. V. Arolt is mem-
er of advisory boards and/or gave presentations for the 
ollowing companies: Astra-Zeneca, Janssen-Organon, Lilly, 
undbeck, Servier, Pfizer, and Wyeth. He also received re- 
earch grants from Astra-Zeneca, Lundbeck, and Servier. He 
haired the committee for the “Wyeth Research Award De- 
ression and Anxiety”. A. Stroehle received research fund- 
ng from the German Federal Ministry of Education and Re-
earch, the European Commission (FP6) and Lundbeck, and 
peaker honoraria from AstraZeneca , Boehringer Ingelheim , 
li Lilly & Co, Lundbeck, Pfizer, Wyeth and UCB. Educational
rants were given by the Stifterverband für die Deutsche 
issenschaft, the Berlin Brandenburgische Akademie der 
issenschaften, the Boehringer Ingelheim Fonds and the Eli 
illy International Foundation. 

RediT authorship contribution statement 

Isabelle C. Ridderbusch: Data curation, Formal analy- 
is, Visualization, Writing - original draft. Jan Richter: 
ata curation, Formal analysis, Visualization, Writing - re- 
iew & editing. Yunbo Yang: Data curation, Formal anal- 
sis, Writing - review & editing. Michael Hoefler: Data 
uration, Formal analysis. Heike Weber: Data curation, 
ethodology. Andreas Reif: Data curation, Methodology. 
lfons Hamm: Conceptualization, Funding acquisition, In- 
estigation, Methodology. Christiane A. Pané-Farré: Con- 
eptualization, Investigation, Methodology. Alexander L. 
erlach: Conceptualization, Investigation, Methodology. 
ndreas Stroehle: Conceptualization, Funding acquisition, 
nvestigation, Methodology. Bettina Pfleiderer: Conceptu- 
lization, Investigation, Methodology. Volker Arolt: Con- 
eptualization, Funding acquisition, Investigation, Method- 
logy. Hans-Ulrich Wittchen: Conceptualization, Funding 
cquisition, Investigation, Methodology, Project adminis- 
ration. Andrew Gloster: Conceptualization, Investigation, 
ethodology. Thomas Lang: Conceptualization, Investiga- 
ion, Methodology. Sylvia Helbig-Lang: Conceptualization, 
nvestigation, Methodology. Lydia Fehm: Conceptualiza- 
ion, Investigation, Methodology. Paul Pauli: Conceptual- 
zation, Investigation, Methodology. Tilo Kircher: Funding 
cquisition, Investigation, Methodology, Project administra- 
ion, Resources, Writing - review & editing. Ulrike Lueken: 
upervision, Writing - review & editing. Benjamin Straube: 
roject administration, Supervision, Writing - review & edit- 
ng. 

cknowledgments 

Centers 
Principal investigators (PI) with respective areas of re- 

ponsibility in the MAC study are V. Arolt (Münster: Overall
AC Program Coordination), H.U. Wittchen (Dresden: Prin- 
ipal Investigator (PI) for the Randomized Clinical Trial and
anual Development), A. Hamm (Greifswald: PI for Psy- 
hophysiology), A.L. Gerlach (Münster: PI for Psychophysi- 
logy and Panic subtypes), A. Ströhle (Berlin: PI for Experi-
ental Pharmacology), T. Kircher (Marburg: PI for functional 
euroimaging), and J. Deckert (Würzburg: PI for Genetics). 
dditional site directors in the RCT component of the pro-
ram are G.W. Alpers (Würzburg), T. Fydrich and L. Fehm
Berlin-Adlershof), and T. Lang (Bremen). 
Data access and responsibility 
All principle investigators take responsibility for the in- 

egrity of the respective study data and their components.
ll authors and co-authors had full access to all study data.
ata analysis and manuscript preparation were completed 
y the authors and co-authors of this article, who take re-
ponsibility for its accuracy and content. 
Staff members by site 
Greifswald (coordinating site for Psychophysiology): 

hristiane Melzig, Jan Richter, Susan Richter, Matthias von 
ad; Berlin-Charité (coordinating Center for Experimental 
harmacology): Harald Bruhn, Anja Siegmund, Meline Stoy, 
ndré Wittmann; Berlin-Adlershof: Irene Schulz; Münster 
Overall MAC Program Coordination, Genetics and Func- 
ional Neuroimaging): Andreas Behnken, Katharina Dom- 
chke, Adrianna Ewert, Carsten Konrad, Bettina Pfleiderer, 
hristina Uhlmann, Peter Zwanzger; Münster (coordinat- 
ng site for psychophysiology and subtyping): Judith Ei- 
ecker, Swantje Koller, Fred Rist, Anna Vossbeck-Elsebusch; 
arburg/Aachen (coordinating center for functional neu- 
oimaging): Barbara Drüke, Sonja Eskens, Thomas Fork- 
ann, Siegfried Gauggel, Susan Gruber, Andreas Jansen, 
hilo Kellermann, Isabelle Reinhardt, Nina Vercamer-Fabri; 
resden (coordinating site for data collection, analysis, and 

http://dx.doi.org/10.13039/100004339
http://dx.doi.org/10.13039/100004319
http://dx.doi.org/10.13039/100004336
http://dx.doi.org/10.13039/100010002
http://dx.doi.org/10.13039/501100000780
http://dx.doi.org/10.13039/100004325
http://dx.doi.org/10.13039/100008349


1150 I.C. Ridderbusch, J. Richter and Y. Yang et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the RCT): Franziska Einsle, Christine Froehlich, Andrew T.
Gloster, Christina Hauke, Simone Heinze, Michael Hoefler,
Ulrike Lueken, Peter Neudeck, Stephanie Preiß, Dorte West-
phal; Würzburg Psychiatry Department (coordinating center
for genetics): Andreas Reif, Caro Gagel; Würzburg Psychol-
ogy Department: Julia Duerner, Hedwig Eisenbarth, Antje
B. M. Gerdes, Harald Krebs, Paul Pauli, Silvia Schad, Nina
Steinhäuser; Bremen: Veronika Bamann, Sylvia Helbig-Lang,
Anne Kordt, Pia Ley, Franz Petermann, Eva-Maria Schroeder.
Additional support was provided by the coordinating center
for clinical studies in Dresden (KKS Dresden): Xina Graehlert
and Marko Käppler. 

The RCT project was approved by the Ethics Committee
of the Medical Faculty of the Technische Universität Dres-
den (EK 164,082,006). The neuroimaging components were
approved by the Ethics Committee of the Medical Faculty of
the Rheinisch-Westfaehlische Hochschule University Aachen
(EK 073/07) and at all local sites. The study was registered
with the ISRCTN: ISRCTN80046034. 

Supplementary materials 

Supplementary material associated with this article can be
found, in the online version, at doi: 10.1016/j.euroneuro.
2019.07.133 . 

References 

American Psychiatric Association, 2000. Diagnostic and Statistical
Manual of Mental Disorders, 4th Ed American Psychiatric Associ-
ation, Washington (DC) Text Revision (DSM-IV-TR) . 

Bush, G. , Luu, P. , Posner, M.I. , 2000. Cognitive and emotional influ-
ences in anterior cingulate cortex. Trends Cogn. Sci. 4, 215–222 .

Carvalho, M.R. , de Dias, G.P. , Cosci, F. , de-Melo-Neto, V.L. ,
Bevilaqua, M.C.d.N. , Gardino, P.F. , Nardi, A.E. , 2010. Current
findings of fMRI in panic disorder: contributions for the fear neu-
rocircuitry and CBT effects. Expert Rev. Neurother. 10, 291–303 .

Cools, R. , D’Esposito, M. , 2011. Inverted-U-shaped dopamine ac-
tions on human working memory and cognitive control. Biol Psy-
chiatry 69, e113–e125 . 

Deckert, J. , Weber, H. , Villmann, C. , Lonsdorf, T.B. , Richter, J. ,
Andreatta, M. , Arias-Vasquez, A. , Hommers, L. , Kent, L. , Schart-
ner, C. , Cichon, S. , Wolf, C. , Schaefer, N. , Collenberg, C.R.von ,
Wachter, B. , Blum, R. , Schumann, D. , Scharfenort, R. , Schu-
macher, J. , Forstner, A.J. , Baumann, C. , Schiele, M.A. ,
Notzon, S. , Zwanzger, P. , Janzing, J.G.E. , Galesloot, T. ,
Kiemeney, L.A. , Gajewska, A. , Glotzbach-Schoon, E. ,
Muhlberger, A. , Alpers, G. , Fydrich, T. , Fehm, L. , Gerlach, A.L. ,
Kircher, T. , Lang, T. , Strohle, A. , Arolt, V. , Wittchen, H.-.U. ,
Kalisch, R. , Buchel, C. , Hamm, A. , Nothen, M.M. , Romanos, M. ,
Domschke, K. , Pauli, P. , Reif, A. , 2017. GLRB allelic variation
associated with agoraphobic cognitions, increased startle
response and fear network activation: a potential neurogenetic
pathway to panic disorder. Mol. Psychiatry 22, 1431–1439 . 

Dunlop, B.W. , Rajendra, J.K. , Craighead, W.E. , Kelley, M.E. , Mc-
Grath, C.L. , Choi, K.S. , Kinkead, B. , Nemeroff, C.B. , May-
berg, H.S. , 2017. Functional connectivity of the subcallosal cin-
gulate cortex and differential outcomes to treatment with cog-
nitive-behavioral therapy or antidepressant medication for ma-
jor depressive disorder. Am. J. Psychiatry 174, 533–545 . 

Etkin, A. , Egner, T. , Kalisch, R. , 2011. Emotional processing in an-
terior cingulate and medial prefrontal cortex. Trends Cogn. Sci.
15, 85–93 . 
Fanselow, M.S. , 1994. Neural organization of the defensive behavior
system responsible for fear. Psychon. Bull. Rev. 1, 429–438 . 

Fullana, M.A. , Harrison, B.J. , Soriano-Mas, C. , Vervliet, B. , Car-
doner, N. , Avila-Parcet, A. , Radua, J. , 2016. Neural signatures of
human fear conditioning: an updated and extended meta-anal-
ysis of fMRI studies. Mol. Psychiatry 21, 500–508 . 

Gloster, A.T. , Wittchen, H.-.U. , Einsle, F. , Höfler, M. , Lang, T. , Hel-
big-Lang, S. , Fydrich, T. , Fehm, L. , Hamm, A.O. , Richter, J. ,
Alpers, G.W. , Gerlach, A.L. , Ströhle, A. , Kircher, T. , Deckert, J. ,
Zwanzger, P. , Arolt, V. , 2009. Mechanism of action in CBT (MAC):
methods of a multi-center randomized controlled trial in 369
patients with panic disorder and agoraphobia. Eur. Arch. Psychi-
atry Clin. Neurosci. 259, 155 . 

Gloster, A.T. , Wittchen, H.-.U. , Einsle, F. , Lang, T. , Helbig-Lang, S. ,
Fydrich, T. , Fehm, L. , Hamm, A.O. , Richter, J. , Alpers, G.W. ,
Gerlach, A.L. , Strohle, A. , Kircher, T. , Deckert, J. , Zwanzger, P. ,
Hofler, M. , Arolt, V. , 2011. Psychological treatment for panic
disorder with agoraphobia: a randomized controlled trial to ex-
amine the role of therapist-guided exposure in situ in CBT. J.
Consult Clin. Psychol. 79, 406–420 . 

Gordon, J.A. , Hen, R. , 2004. Genetic approaches to the study of
anxiety. Annu. Rev. Neurosci. 27, 193–222 . 

Gustavsson, A. , Svensson, M. , Jacobi, F. , Allgulander, C. , Alonso, J. ,
Beghi, E. , Dodel, R. , Ekman, M. , Faravelli, C. , Fratiglioni, L. ,
Gannon, B. , Jones, D.H. , Jennum, P. , Jordanova, A. , Jons-
son, L. , Karampampa, K. , Knapp, M. , Kobelt, G. , Kurth, T. ,
Lieb, R. , Linde, M. , Ljungcrantz, C. , Maercker, A. , Melin, B. ,
Moscarelli, M. , Musayev, A. , Norwood, F. , Preisig, M. , Pugli-
atti, M. , Rehm, J. , Salvador-Carulla, L. , Schlehofer, B. , Si-
mon, R. , Steinhausen, H.-.C. , Stovner, L.J. , Vallat, J.-.M. , van
den Bergh, P. , van Os, J. , Vos, P. , Xu, W. , Wittchen, H.-.U. , Jons-
son, B. , Olesen, J. , 2011. Cost of disorders of the brain in Europe
2010. Eur. Neuropsychopharmacol. 21, 718–779 . 

Hamm, A.O. , Richter, J. , Pane-Farre, C. , Westphal, D. ,
Wittchen, H.-.U. , Vossbeck-Elsebusch, A.N. , Gerlach, A.L. ,
Gloster, A.T. , Strohle, A. , Lang, T. , Kircher, T. , Gerdes, A.B.M. ,
Alpers, G.W. , Reif, A. , Deckert, J. , 2016. Panic disorder with
agoraphobia from a behavioral neuroscience perspective:
applying the research principles formulated by the research
domain criteria (RDoC) initiative. Psychophysiology 53, 312–322 .

Heinig, I., Pittig, A., Richter, J., Hummel, K., Alt, I., Dickhöver, K.,
Gamer, J., Hollandt, M., Koelkebeck, K., Maenz, A., Tennie, S.,
Totzeck, C., Yang, Y., Arolt, V., Deckert, J., Domschke, K.,
Fydrich, T., Hamm, A., Hoyer, J., Kircher, T., Lueken, U.,
Margraf, J., Neudeck, P., Pauli, P., Rief, W., Schneider, S.,
Straube, B., Ströhle, A., Wittchen, H.-.U., 2017. Optimizing
exposure-based CBT for anxiety disorders via enhanced extinc-
tion: Design and methods of a multicentre randomized clinical
trial. Int. J. Methods Psychiatr. Res. 26. doi: 10.1002/mpr.1560 . 

Helbig-Lang, S. , Richter, J. , Lang, T. , Gerlach, A.L. , Fehm, L. ,
Alpers, G.W. , Strohle, A. , Kircher, T. , Deckert, J. , Gloster, A.T. ,
Wittchen, H.-.U. , 2014. The role of safety behaviors in expo-
sure-based treatment for panic disorder and agoraphobia: Asso-
ciations to symptom severity, treatment course, and outcome.
J. Anxiety Disord. 28, 836–844 . 

Insel, T. , Cuthbert, B. , Garvey, M. , Heinssen, R. , Pine, D.S. ,
Quinn, K. , Sanislow, C. , Wang, P. , 2010. Research domain crite-
ria (RDoC): toward a new classification framework for research
on mental disorders. Am. J. Psychiatry 167, 748–751 . 

Kaabi, B. , Gelernter, J. , Woods, S.W. , Goddard, A. , Page, G.P. , El-
ston, R.C. , 2006. Genome scan for loci predisposing to anxiety
disorders using a novel multivariate approach: strong evidence
for a chromosome 4 risk locus. Am. J. Hum. Genet. 78, 543–553 .

Kircher, T. , Arolt, V. , Jansen, A. , Pyka, M. , Reinhardt, I. , Keller-
mann, T. , Konrad, C. , Lueken, U. , Gloster, A.T. , Gerlach, A.L. ,
Strohle, A. , Wittmann, A. , Pfleiderer, B. , Wittchen, H.-.U. ,
Straube, B. , 2013. Effect of cognitive-behavioral therapy on

https://doi.org/10.1016/j.euroneuro.2019.07.133
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0014
https://doi.org/10.1002/mpr.1560
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019


GLRB variation and fear processing in PD/AG 1151 

K  

K  

 

 

 

L  

 

 

 

 

 

L  

 

 

 

L  

 

L  

M  

 

M  

 

 

R  

 

 

 

 

R  

 

R  

 

 

 

 

R  

S  

 

 

S  

 

 

 

S  

S  

 

 

S  

 

 

T  

 

 

V  

 

W  

 

W  

 

W  

 

 

 

 

 

W  
neural correlates of fear conditioning in panic disorder. Biol. 
Psychiatry 73, 93–101 . 

ozak, M.J. , Cuthbert, B.N. , 2016. The NIMH research domain crite-
ria Initiative: background, Issues, and pragmatics. Psychophysi- 
ology 53, 286–297 . 

uhn, M. , Scharfenort, R. , Schumann, D. , Schiele, M.A. , Mun-
sterkotter, A.L. , Deckert, J. , Domschke, K. , Haaker, J. ,
Kalisch, R. , Pauli, P. , Reif, A. , Romanos, M. , Zwanzger, P. , Lons-
dorf, T.B. , 2016. Mismatch or allostatic load? Timing of life ad-
versity differentially shapes gray matter volume and anxious 
temperament. Soc. Cogn. Affect Neurosci. 11, 537–547 . 

onsdorf, T.B. , Menz, M.M. , Andreatta, M. , Fullana, M.A. ,
Golkar, A. , Haaker, J. , Heitland, I. , Hermann, A. , Kuhn, M. ,
Kruse, O. , Meir Drexler, S. , Meulders, A. , Nees, F. , Pittig, A. ,
Richter, J. , Romer, S. , Shiban, Y. , Schmitz, A. , Straube, B. ,
Vervliet, B. , Wendt, J. , Baas, J.M.P. , Merz, C.J. , 2017. Don’t
fear ’fear conditioning’: methodological considerations for the 
design and analysis of studies on human fear acquisition, extinc-
tion, and return of fear. Neurosci. Biobehav. Rev. 77, 247–285 . 

ueken, U. , Kuhn, M. , Yang, Y. , Straube, B. , Kircher, T. ,
Wittchen, H.-.U. , Pfleiderer, B. , Arolt, V. , Wittmann, A. ,
Strohle, A. , Weber, H. , Reif, A. , Domschke, K. , Deckert, J. ,
Lonsdorf, T.B. , 2017. Modulation of defensive reactivity by GLRB
allelic variation: Converging evidence from an intermediate 
phenotype approach. Transl. Psychiatry 7, e1227 . 

ueken, U. , Zierhut, K.C. , Hahn, T. , Straube, B. , Kircher, T. ,
Reif, A. , Richter, J. , Hamm, A. , Wittchen, H.-.U. , Domschke, K. ,
2016. Neurobiological markers predicting treatment response in 
anxiety disorders: a systematic review and implications for clin- 
ical application. Neurosci. Biobehav. Rev. 66, 143–162 . 

ynch, J.W. , 2004. Molecular structure and function of the glycine
receptor chloride channel. Physiol. Rev. 84, 1051 . 

obbs, D. , Hagan, C.C. , Dalgleish, T. , Silston, B. , Prevost, C. , 2015.
The ecology of human fear: survival optimization and the ner-
vous system. Front Neurosci. 9, 55 . 

obbs, D. , Marchant, J.L. , Hassabis, D. , Seymour, B. , Tan, G. ,
Gray, M. , Petrovic, P. , Dolan, R.J. , Frith, C.D. , 2009. From threat
to fear: the neural organization of defensive fear systems in hu-
mans. J. Neurosci. 29, 12236–12243 . 

eif, A. , Richter, J. , Straube, B. , Hofler, M. , Lueken, U. ,
Gloster, A.T. , Weber, H. , Domschke, K. , Fehm, L. , Strohle, A. ,
Jansen, A. , Gerlach, A. , Pyka, M. , Reinhardt, I. , Konrad, C. ,
Wittmann, A. , Pfleiderer, B. , Alpers, G.W. , Pauli, P. , Lang, T. ,
Arolt, V. , Wittchen, H.-.U. , Hamm, A. , Kircher, T. , Deckert, J. ,
2014. MAOA and mechanisms of panic disorder revisited: from 

bench to molecular psychotherapy. Mol. Psychiatry 19, 122–128 . 
einhardt, I. , Jansen, A. , Kellermann, T. , Schüppen, A. , Kohn, N. ,
Gerlach, A.L. , Kircher, T. , 2010. Neural correlates of aversive
conditioning: development of a functional imaging paradigm for 
the investigation of anxiety disorders. Eur. Arch. Psychiatry Clin. 
Neurosci. 260, 443–453 . 

ichter, J. , Hamm, A.O. , Pané-Farré, C.A. , Gerlach, A.L. ,
Gloster, A.T. , Wittchen, H.-.U. , Lang, T. , Alpers, G.W. , Hel-
big-Lang, S. , Deckert, J. , Fydrich, T. , Fehm, L. , Ströhle, A. ,
Kircher, T. , Arolt, V. , 2012. Dynamics of defensive reactivity in
patients with panic disorder and Agoraphobia: Implications for 
the etiology of panic disorder. Stress Dev. Genet. Anxiety Disord.
72, 512–520 . 

othschild, G. , Eban, E. , Frank, L.M. , 2017. A cortical-hippocam-
pal-cortical loop of information processing during memory con- 
solidation. Nat. Neurosci. 20, 251–259 . 

ehlmeyer, C. , Schoning, S. , Zwitserlood, P. , Pfleiderer, B. ,
Kircher, T. , Arolt, V. , Konrad, C. , 2009. Human fear condition-
ing and extinction in neuroimaging: a systematic review. PLoS
One 4, e5865 . 

hear, M.K. , Vander Bilt, J. , Rucci, P. , Endicott, J. , Lydiard, B. ,
Otto, M.W. , Pollack, M.H. , Chandler, L. , Williams, J. , Ali, A. ,
Frank, D.M. , 2001. Reliability and validity of a structured in-
terview guide for the Hamilton anxiety rating scale (SIGH-A).
Depress Anxiety 13, 166–178 . 

himada-Sugimoto, M. , Otowa, T. , Hettema, J.M. , 2015. Genetics of
anxiety disorders: genetic epidemiological and molecular stud- 
ies in humans. Psychiatry Clin. Neurosci. 69, 388–401 . 

iegle, G.J. , Thompson, W.K. , Collier, A. , Berman, S.R. , Feld-
miller, J. , Thase, M.E. , Friedman, E.S. , 2012. Toward clini-
cally useful neuroimaging in depression treatment: Prognos- 
tic utility of subgenual cingulate activity for determining de-
pression outcome in cognitive therapy across studies, scan- 
ners, and patient characteristics. Arch. Gen. Psychiatry 69, 913–
924 . 

traube, B. , Lueken, U. , Jansen, A. , Konrad, C. , Gloster, A.T. , Ger-
lach, A.L. , Strohle, A. , Wittmann, A. , Pfleiderer, B. , Gauggel, S. ,
Wittchen, U. , Arolt, V. , Kircher, T. , 2014. Neural correlates of
procedural variants in cognitive-behavioral therapy: a random- 
ized, controlled multicenter FMRI study. Psychother Psychosom 

83, 222–233 . 
eachman, B.A. , Drabick, D.A.G. , Hershenberg, R. , Vivian, D. ,

Wolfe, B.E. , Goldfried, M.R. , 2012. Bridging the gap between
clinical research and clinical practice: introduction to the spe-
cial section. Psychotherapy (Chic) 49, 97–100 . 

ijayraghavan, S. , Wang, M. , Birnbaum, S.G. , Williams, G.V. , Arn-
sten, A.F.T. , 2007. Inverted-U dopamine D1 receptor actions on
prefrontal neurons engaged in working memory. Nat. Neurosci. 
10, 376–384 . 

aal, F.B.M.de , Preston, S.D. , 2017. Mammalian empathy: behav-
ioral manifestations and neural basis. Nat. Rev. Neurosci. 18,
498–509 . 

endt, J. , Low, A. , Weymar, M. , Lotze, M. , Hamm, A.O. , 2017. Ac-
tive avoidance and attentive freezing in the face of approaching
threat. Neuroimage 158, 196–204 . 

ittchen, H.-.U. , Jacobi, F. , Rehm, J. , Gustavsson, A. , Svens-
son, M. , Jonsson, B. , Olesen, J. , Allgulander, C. , Alonso, J. , Far-
avelli, C. , Fratiglioni, L. , Jennum, P. , Lieb, R. , Maercker, A. ,
van Os, J. , Preisig, M. , Salvador-Carulla, L. , Simon, R. , Stein-
hausen, H.-.C. , 2011. The size and burden of mental disorders
and other disorders of the brain in Europe 2010. Eur. Neuropsy-
chopharmacol. 21, 655–679 . 

ittchen, H.-.U. , Garczynski, E. , Pfister, H. , 1997. Composite Inter-
national Diagnostic Interview According to ICD-10 and DSM-IV. 
Hogrefe, Göttingen . 

http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30430-4/sbref0042

	Association of rs7688285 allelic variation coding for GLRB with fear reactivity and exposure-based therapy in patients with panic disorder and agoraphobia
	1 Introduction
	2 Experimental procedures
	2.1 Participants
	2.2 Genotyping
	2.3 Psychophysiological data acquisition and analysis during BAT
	2.4 fMRI data acquisition and analysis

	3 Results
	3.1 Sample characteristics
	3.2 Psychophysiological assessment during BAT
	3.3 Neural correlates of fear conditioning/fMRI
	3.4 Modification of GLRB related processes after CBT
	3.4.1 Treatment response
	3.4.2 Psychophysiological assessment during BAT
	3.4.3 Neural correlates of fear conditioning/fMRI


	4 Discussion
	Funding/Support
	Contributors
	Ethical standards
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


