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Association of FKBP5 polymorphisms and resting-state
activity in a frontotemporal–parietal network
RA Bryant1,2, KL Felmingham1,3, B Liddell1, P Das2 and GS Malhi2

The FKBP5 polymorphism is a key regulator of the glucocorticoid system underpinning stress responsivity, and risk alleles
can increase vulnerability for developing posttraumatic stress disorder. To delineate the specific role of FKBP5 risk alleles
unencumbered by the confounds of psychopathology, this study investigated whether high-risk alleles of the FKBP5 polymorphism
are characterized by distinctive neural activity during resting state. Thirty-seven healthy participants were selected on the basis of
four SNPs in the FKBP5 gene region (rs3800373, rs9296158, rs1360780 and rs9470080) to determine participants who were carriers
of the FKBP5 high- and low-risk alleles. Spatial maps, power spectra and connectivity in neural networks active during resting state
were assessed with functional magnetic resonance imaging (fMRI). During resting-state fMRI, FKBP5 low-risk allele group displayed
more power in the low frequency range (o0.1 Hz) than the high-risk allele group, who had significantly more power in higher
frequency bins (40.15 Hz). This difference was apparent only in a frontotemporoparietal network underpinning salience detection
and emotion processing. This study provides initial evidence that the risk alleles of the FKBP5 polymorphism are associated with
different resting-state activity in a frontotemporal–parietal network, and may point to mechanisms underpinning high-risk carriers’
vulnerability to severe stress reactions.
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INTRODUCTION
Stress-related disorders, such as posttraumatic stress disorder
(PTSD), are a function of altered hypothalamic–pituitary–adrenal
(HPA) axis activity. Traumatizing events can negatively impact HPA
responses,1 including enhancing glucocorticoid receptor (GR)
sensitivity.2 Activating the HPA axis via stressors increases cortisol
response in individuals with PTSD, while inhibition of arousal via
dexamethasone administration results in enhanced cortisol
suppression.3 It has been proposed that PTSD involves enhanced
negative-feedback inhibition, which contributes to ongoing
hyperarousal in PTSD patients.4

Relevant to the role of GRs in the stress response is the
polymorphism FKPB5. The GR co-chaperone protein FK506
binding protein 5 (FKBP5) mediates GR activity, including the
regulation of ligand binding, receptor activation and transcrip-
tional processes.5 A number of FKBP5 polymorphisms have been
found to have a role in stress responsivity. For instance, a history
of childhood adversity interacts with rs1360780 to predict cortisol
response.6 In response to a psychosocial stressor, healthy
individuals with homozygous FKBP5 minor alleles have insufficient
cortisol recovery and higher self-reported anxiety (for example,
rs4713916, rs3800373, rs1360780, rs4713916, rs4713902 and
rs3800374 (refs 7,8)). The severity of childhood abuse also appears
to predict adulthood PTSD via interactions with FKBP5 poly-
morphisms (for example, rs9470080, rs926158, rs3800373,
rs1360780, rs9470080 (refs 9,10)). From an epigenetic perspective,
people with a risk allele of FKBP5 experience distinct chromatin
conformations following childhood abuse, and this altered struc-
ture leads to greater GR receptivity.11 Taken together, these
studies implicate an association between stress-related psychiatric

conditions and FKBP5; however, the mechanisms underpinning
this putative link have not been fully elucidated.
Few studies have investigated neural activation associated with

FKBP5 allelic variations. One study found that one allelic variation
of FKBP5 (rs1360780) was associated with altered hippocampal
shape, greater attentional bias to threat and increased hippo-
campal activation in response to threat.12 It has also been
reported that FKBP5 risk alleles interact with emotional neglect to
predict dorsal amygdala reactivity to threat,13 FKBP5 gene
expression is reduced in the amygdala in suicide victims,14 and
PTSD patients have lower FKBP5 gene expression and decreased
hippocampal and medial orbitofrontal cortex.15 Little is under-
stood about how these risk alleles may affect neural functioning
within otherwise healthy individuals.
Recent attention has turned to major inter-relationships between

neural networks and how distinctive patterns of connectivity
between networks underpin psychiatric conditions. Several key
networks have been identified, and notably some of these are central
to psychopathological stress responses, including PTSD. The salience
network (SN), which monitors for and detects salient stimuli and
involves the insula and amygdala, is overactivated in PTSD.16 The
default mode network (DMN) includes the ventromedial prefrontal
cortex (vmPFC), hippocampus and posterior cingulate cortex, and is
linked with internal monitoring and autobiographical memory
updating;17 further, PTSD is associated with reduced hippocampal
and vmPFC activation suggesting disturbances in this basic
regulatory state.18 Another major network is the central executive
or frontoparietal (FP) network, and involves the dorsolateral
prefrontal cortex and lateral parietal networks, and is associated
with executive control and working memory.19
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Resting-state connectivity provides a useful means to investi-
gate the connections between neural networks because it is free
of the potentially confounding influences of task-related activity
and provides insight into spontaneous inter-relationships between
brain regions.20 This approach focuses on low-frequency (0.01–
0.10 Hz) fluctuations of the BOLD response during resting states—
reflecting baseline activity of the brain.21 Resting-state studies of
fear circuitry disorders, and in particular PTSD, have found altered
connectivity in the DMN21 and the SN.22 Notably, there is
decreased connectivity between these networks in PTSD.23

In this study, we investigated the extent to which FKBP5
moderates the connectivity within and between networks
implicated in PTSD by assessing resting-state activity. To examine
the impact of FKBP5 on resting state, we focus here on a fully
healthy sample who vary in their distribution of FKBP5 risk alleles;
this design permits delineation of the contribution of FKBP5 and
the confounding influences of psychopathology on resting-state
activity. Although different studies have reported various risk
alleles of FKBP5, we focus on four single-nucleotide polymorph-
isms (SNPs) in the FKBP5 gene region that have been repeatedly
associated with increased risk for enhanced stress responses.
The selection of these specific alleles (and their justification)
were: rs3800373 (increased FKBP5 protein levels, impaired HPA
negative feedback following stressors, psychopathology risk
following trauma;9,24 rs9296158 (impaired negative feedback of
the HPA axis, association with PTSD and depression;9,25 rs1360780
(reduced basal cortisol levels, risk for PTSD and depression,
attentional bias to threat;10,12,24,26 and rs9470080 (lower basal
cortisol level, increased risk for PTSD, and increased amygdala
reactivity.9,13,27

Taken together, this accumulating evidence of FKBP5 risk alleles
suggests that carriers of these alleles are more at risk of stress-
related disorders, as well as the core cognitive and neural features
associated with these disorders, because these alleles modulate
GR sensitivity.28 On the basis that glucocorticoid system activity
underpins stress and drives heightened emotional responsivity
and considering that stress-related conditions are underpinned by
distinctive resting-state networks, including the SN,16 we hypothe-
sized that high-risk FKBP5 carriers would have a discernibly
different resting-state profile in networks involved in emotional
processing, such as the SN.

MATERIALS AND METHODS
Participants
Following written informed consent approved by the University of New
South Wales Human Ethics Committee, 204 undergraduate psychology
students of white European heritage provided saliva samples in return for
course credit. Samples were collected using the Oragene DNA collection
kit (DNA Genotek, Ottawa, ON, Canada) and genomic DNA was extracted.
On the basis of associations between SNPs and indices of stress
response,9,10 (rs3800373, rs9296158, rs1360780 and rs9470080) were
selected for genotyping. Genotypes were determined using iPLEX Gold
primer extension followed by mass spectrometry analysis on the
Sequenom MassARRAY system (Sequenom, San Diego, CA, USA) by the
Australian Genome Research Facility (http://www.agrf.org.au/). Genotype
frequencies in the total sample were as follows: rs9296158 AA=18,
AG= 88, GG= 98; rs1360780 TT = 19, CT = 86, CC= 99; rs3800373 GG =15,
GT= 85, TT = 104; rs9470080 TT= 24, CT = 84, CC= 96. The distributions of
rs4713916, rs1360780, rs3800373 and rs9470080 did not differ from Hardy–
Weinberg equilibrium (P=0.72, P=0.69, P= 0.72 and P= 0.66, respectively).
Two risk groups were defined based on participants’ extreme FKBP5 risk
haplotype values in order to test whether those with high risk versus those
with no risk allele values demonstrated differential resting-state neural act.
The low-risk group consisted of carriers that were heterozygous for zero
high-risk alleles. The high-risk group represented carriers with four or more
high-risk alleles, including a combination of hetero- and homozygous high-
risk alleles. The final sample comprised 18 high risk (6 males and 12
females) and 19 low risk (7 males and 12 females). The sample size was
determined on the basis of prior studies that have demonstrated

differential resting-state patterns in groups of varying stress levels.23 On
the day of scanning, these participants were administered the Beck
Depression Inventory29 to assess depression levels, the Trait version of the
State-Trait Anxiety Inventory30 to index trait anxiety and the Difficulties in
Emotion Regulation Scale31 to index emotional distress and emotion
dysregulation.

MRI data acquisition
One 5-min resting-state run for each subject was acquired using a Siemens
Magnetom Trio 3T scanner located at the Advanced Research and Clinical
High-field Imaging (ARCHI) facility of the University of Sydney. Functional
scans were acquired transaxially using gradient-echo echo-planner
imaging with the following parameters: repeat time 2.0 s; echo time
35ms; field of view 24 cm; acquisition matrix 64 × 64; flip angle 70°; voxel
size 3.75 × 3.75× 5 mm3; 29 axial slices; slice thickness 4 mm; gap 1 mm.
Subjects were instructed to keep their eyes open during the functional
scan and stare passively at a foveally presented fixation cross, as this is
suggested to facilitate network delineation compared to eyes-closed
conditions.32 Head motion during scanning was restrained using foam
pads inserted on each side. In total, 155 whole-brain volumes of functional
data including five ‘dummy’ scans were acquired. All participants were
judged as awake and alert at the start and conclusion of scanning.

fMRI data analysis
Data pre-processing. Pre-processing was done using SPM5 software
(http://www.fil.ion.ucl.ac.uk/spm/ software/spm5). Each subject’s functional
images were first inspected visually for scanner artifacts and gross
anatomical abnormalities, and then re-oriented so that the origin of the
image lay within 3 cm of the anterior commissure. The initial 5 ‘dummy’
images were discarded to remove longitudinal equilibration effects.
Images were then realigned using INRIAlign—a motion correction
algorithm unbiased by local signal changes and corrected for slice time
variation using the middle slice as the reference frame. Then these images
were spatially normalized to a common stereotactic space using the
Montreal Neurological Institute (MNI) EPI template and spatially smoothed
with a Gaussian kernel of 10 mm3 full width at half maximum. Following
spatial normalization, the data (originally acquired at 3.75 × 3.75 × 5 mm3)
were slightly subsampled to 3 × 3× 3 mm3, resulting in 53 × 63 × 46 voxels.
Exclusion criteria regarding head motion was that subjects were excluded
from analysis if their functional scans showed extreme head motion
(translation42 mm and rotation41°). No participant was excluded from
the analysis due to head movement.

ICA and identification of resting-state networks. Group spatial independent
component analysis (ICA; Calhoun et al.33) was used to decompose data
from all participants into components using the GIFT software (version
2.0e; http://mialab.mrn.org/software/gift/). The independent number
of components in the data was determined using the ‘minimum
description length’ (MDL) criteria. Twenty-six components was predicted
by MDL, after which the data from all participants were concatenated and
reduced to 26 temporal dimensions using standard principal component
analysis, followed by an independent component estimation using the
Infomax algorithm which attempts to minimize mutual information.33 The
Infomax ICA algorithm was repeated 10 times in ICASSO (http://research.
ics.tkk.fi/ica/icasso/) and resulting components were clustered to estimate
the reliability of the decomposition.34 Following the group decomposition,
single subject time courses and spatial maps (SMs) were then back-
reconstructed using GICA and calibrated using z-scores. Components were
visually inspected for artifacts.

Selection of networks of interest and visualization. Networks for analysis
were chosen on the basis of three conditions: (1) they had to exhibit
activations in gray matter combined with low spatial overlap with known
vascular, ventricular motion and susceptibility artifacts; (2) be dominated
by low-frequency fluctuations, that is, the ratio of integral of spectral
power in low-frequency range (between 0.01 and 0.10 Hz) to high-
frequency range (between 0.15 and 0.25 Hz) has to be greater than 5,35

and 3) represent the three core neurocognitive networks: the DMN, the FP
network, and the SN36 by encompassing the primary regions of these
networks. To visualize the spatial maps of a component, all subjects’ maps
for that particular component were entered into a random-effect analysis
model (1 sample t-test in SPM5). Brain regions were considered to be
within each network if they met a height threshold of Po0.00001
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corrected for multiple comparisons using the family-wise error (FWE)
correction and an extent threshold of 50 voxels.

Second-level analyses of networks of interest. Translations and rotations of
the head estimated during realignment stage of pre-processing were
regressed out from the time course of each of the chosen networks in each
subject and then these time courses were used to investigate differences
between groups in three outcome variables: (1) network’s power spectra;
(2) network’s SM; and (3) functional connectivity between networks (FNC).
In order to focus on the subset of voxels which most likely represent the
network and show strong and consistent activation across subjects
component spatial maps were thresholded. Thresholding was based on
the distribution of voxelwise t-statistics. Only voxels exceeding the
threshold on the right tail: t4mean+4s.d. were selected to represent a
network. These thresholded spatial maps were subsequently compared
between groups. To determine differences between groups in network’s
spectral power, a network’s time course was transformed to 129 spectral
bins using fast Fourier transform and power in each bin was compared. For
comparing differences between groups in between networks connectivity,
first FNC was calculated following the procedure described by Jafri et al.37

For this, the time course data associated with the selected components
were detrended, despiked and filtered using a fifth-order Butterworth
low-pass filter with a high-frequency cutoff of 0.15Hz.35 Then for each
subject, correlations between pairwise combinations were calculated using
Pearson’s correlations and resultant r-values were transformed to z-scores
using Fisher’s transformation as a standardized measure of FNC. In order to
determine differences between groups in SMs, spectral power, and FNC,
MANCOVAN utility (within GIFT) was used.35 Primary aim of MANCOVAN is
to uses a multivariate model selection strategy which reduces the total
number of statistical tests performed and facilitates testing predictors on
the response matrices (in this case it contains SM, power spectra and FNC)
as a whole. It performs backward selection by testing whether each
predictor in the model explains variability in the multivariate response
using a multivariate analysis of covariance. The multivariate results of
dimension-reduced responses, however, are difficult to interpret. There-
fore, univariate tests were performed on each of the covariates of interest
retained in the final model to understand the nature and extent of the
relationship between covariates and response variables. An α level of 0.05
was used for all analyses and in addition to that univariate results were
corrected for multiple comparisons using false discovery rate.38 The design
matrix included high- vs low-risk allele group membership as a covariate of
interest. A post hoc analysis was performed to investigate distribution of
spectral power in the frontotemporoparietal (FTP) network over different
frequency bands in the two allele groups. For this, entire frequency
range (0.01–0.25 Hz) was divided into six equally spaced frequency bins
(Bin1:0.01–0.04 Hz; Bin2:0.05–0.08 Hz; Bin3:0.09–0.12 Hz; Bin4:0.13–0.16 Hz;
Bin5:0.17–0.20 Hz; Bin6: 0.21–0.25 Hz) and spectral power in each bin was
calculated for each group. Significant differences between groups were
determined by using two sample t-tests and correcting the results for
multiple comparisons using false discovery rate.38

RESULTS
Participant characteristics
Table 1 presents participant characteristics. There were no
significant differences between low-risk and high-risk allele
groups in age, depression, anxiety or emotional distress levels.
Groups also did not differ in head motions.

Resting-state patterns
Out of the 26 components initially identified, six components
were chosen for further analysis. In the present study, these
networks were identified on the basis of their visual similarity
to the networks identified from other resting-state studies

Table 1. Participant characteristics

High risk Low risk F

Age 20.61 (2.35) 20.63 (2.39) 0.03
BDI 6.22 (7.11) 5.69 (5.48) 1.38
STAI 47.00 (45.22) 45.27 (3.81) 1.09
DERS 89.62 (13.97) 94.12 (11.09) 1.08

S.d. appear in parentheses.

Table 2. Primary brain regions within each network

Independent component (network) No of
voxels

tmax Coordinate

Left frontoparietal (LFP)
Inferior/middle/superior frontal
gyrus

3139 22.64 − 9, 27, 51

Inferior/superior parietal lobule 1666 34.6 − 48, − 60, 45
Inferior parietal lobule 106 11.83 48, − 60, 48
Middle temporal gyrus 453 17.77 − 60, − 45, − 6
Cingulate gyrus 56 12.23 − 3, − 33, 39
Cerebellum 847 24.82 12, − 81, − 30

Right frontoparietal (RFP)
Middle frontal gyrus 1981 25.92 48, 27,39
Inferior parietal lobule/angular
gyrus

1418 38.27 48, − 60, 42

Inferior/ superior parietal lobule 553 26.28 − 36, − 63, 54
Cingulate gyrus 158 15.65 6, − 30, 39
Middle temporal gyrus 117 14.16 63, − 39, − 12
Cerebellum (right) 227 16.77 − 36, − 66,

− 45
Cerebellum (left) 114 10.97 6, − 54, − 6

Default model (DM1)
Medial prefrontal gyrus/anterior
cingulate cortex

3790 33.80 0, 51, 3

Inferior frontal gyrus 192 14.60 − 36, 15, − 21
Superior parietal lobule 1464 21.70 24, − 51, 66
Angular gyrus (Right) 291 19.37 − 51, − 60, 39
Angular gyrus (Left) 89 13.93 54, − 57, 42
Cuneus (right) 197 15.08 15, − 84, 30
Cuneus (left) 71 10.76 − 15, − 87, 27
Insula 74 11.90 36, 15, − 18
Cerebellum 191 17.46 31, − 81, − 33

Default Mode2 (DM2)
Medial prefrontal gyrus/anterior
cingulate cortex

658 23.49 0, 48, − 9

Middle frtontal gyrus (right) 193 15.87 21, 27, 51
Middle frtontal gyrus (left) 174 18.66 − 24, 21, 51
Precuneus/posterior cingulate
cortex

1803 41.67 6, − 54, 24

Right frontoparietal junction 765 29.97 51, − 63, 27
Left frontoparietal junction 595 26.00 − 42, − 66, 30
Thalamus 86 11.56 9, − 12, 12

Default Mode3 (DM3)
Precuneus\posterior and mid
cingulate gyri

3759 34.11 9, − 69, 42

Frontotemporo parietal (FTP)
Orbital frontoinsular
cortex/temporal pole (right)

823 25.01 48, 24, − 6

Orbital frontoinsular
cortex/temporal pole (left)

886 19.55 − 48, 18, − 12

Medial prefrontal
cortex/dorsal anterior cingulate

222 12.82 6, 24, 60

Middle frontal gyrus 97 12.31 42, 3, 57
Temporo parietal junction (right) 2029 21.63 57, − 42, 27
Temporo parietal junction (left) 1145 20.57 − 54, − 48, 27
Precuneus 380 16.05 9, − 51, 42
Cerebellum (right) 209 14.73 18, − 75, − 30
Cerebellum (left) 198 11.98 21, −84, 33
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(Jafri et al.;37 Allen et al.;35 Das et al., 201439,40). These networks
were highly stable (reliability index40.89) as determined by
ICASSO. Primary regions with each network are provided in
Table 2. The first two networks represent the left and right FP
networks (LFP and RFP), and the second set of three networks
different manifestations of the core default mode network (DM1,
DM2 and DM3).
The sixth network contained the primary regions of the SN;

specifically, the frontoinsular cortex and the dorsomedial
prefrontal cortex/anterior cingulate cortex (DMPFC/ACC). This
network also contained a temporoparietal region, therefore, in
this study we referred to this network as a FTP network. Spatial
maps of these chosen networks are shown in Figure 1.
The MANCOVAN yielded a significant effect (Po0.05) of group

only in spectral power of the FTP network. Univariate tests also
confirmed this finding after correcting for multiple comparisons.
The FKBP5 high-risk allele group displayed less spectral power in
the low frequency range than the FKBP5 low-risk allele group
(Figure 2). Differences between groups in distribution of spectral
power in the FTP network are shown in Figure 3. This analysis
revealed a different pattern of fluctuation between the allele
groups. Specifically, the low-risk allele group had significantly
more power in the low frequency range (o0.1 Hz) compared to
the high-risk allele group, who had significantly more power in
higher frequency bins (40.15 Hz). This difference was apparent
only in the FTP network.

DISCUSSION
The major finding of this study was that carriers of the high-risk
alleles of the FKBP5 polymorphism showed less spectral power
than low-risk carriers, and specifically had more power in higher
frequency bins in a resting-state network involving frontoinsular
cortex, dorsal medial prefrontal cortex/anterior cingulate cortex
and the temporoparietal cortex. Most noteworthy in this pattern is
that these differences exist between participants who are
otherwise healthy, do not differ in terms of any psychological
indices related to emotional disturbance, and only differ according
to their FKBP5 allelic status.
The current finding of a distinct resting state in the FTP network

in those with different risk alleles of the FKBP5 polymorphism
highlights a potential mechanism for why this genetic profile
renders these individuals more at risk of PTSD following exposure
to a traumatic event.9,10 The mechanism by which FKBP5 is
thought to render individuals with the risk alleles vulnerable to
developing stress disorders when exposed to adversity is via
impaired negative feedback of the glucocorticoid response, and
thereby impoverished return to baseline of stress-induced cortisol
levels.28 Altered desynchronization in resting-state networks that
are implicated in salience monitoring, emotion processing and
regulation may represent a vulnerability factor among those with
FKBP5 risk alleles, such that when exposed to the stressful
experiences of trauma, these networks function distinctively in

Figure 1. Six components/networks of interest. DM, default mode; FTP, frontotemporoparietal; LFP, left frotoperietal; RFP, right frotoperietal.
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association with glucocorticoid activation, thereby contributing to
ongoing stress responses.
The finding that high-risk allele participants had less spectral

power in the low frequency range than low-risk allele participants
may suggest that the high-risk participants have less functional
connectivity between regions in the FTP. Low-frequency spectral
power is associated with functional connectivity in healthy
participants,41 and so it is possible that carriers of the high-risk
alleles possess less connectivity in the network involved in
emotional processing. In this context, it is interesting to speculate
how this finding may be interpreted in terms of current
understanding of the implicated network. The DMPFC/ACC are
both essential to emotion processing,42 and are active during
appraisal of threat,43 attentional biases to threat44 and induced
anxiety.45 The DMPFC is linked to other emotional and cognitive
processing regions (including the ACC), suggesting that the
DMPFC has a role in integrating emotion and cognition.46

One meta-analysis of brain networks implicated the role of
DMPFC in emotional evaluation.47 The ACC has been associated
across numerous studies with emotion regulation,48 and dorsal

sub-sections are more active during appraisal and evaluation of
emotional content.49 Impaired ACC functioning has been
observed in emotion provocation tasks in PTSD populations.50

Both the frontoinsular cortex and the ACC are involved in the SN,
which is implicated in detecting stimuli51 and activity is
heightened in PTSD.16 The frontoinsular cortex is also associated
with sustaining emotional awareness.52 Further, there is evidence
of increased functional connectivity between the DMPFC and
temporoparietal junction during social emotion processing.53

The temporoparietal cortex has been shown to be increased
in response to threatening stimuli,54 and is involved with
mentalizing,55 which can result in hypervigilence to threat evident
in anxiety. Taken together, the distinctive FTP network resting-
state pattern observed in the high-risk allele group accords with
convergent evidence that these neural networks underpin threat
detection, emotion processing and appraisal regulation.
In terms of potential limitations of the current study, we note

the small sample size. We did not conduct a power analysis prior
to the study simply because of the paucity of previous studies that
have evaluated resting-state activity according to the risk alleles;

Figure 2. Left panel depicts the significance and direction of group effect as a function of frequency for each component, displayed as the − (t)
log10(p). Significant differences (Po0.01, corrected) between groups were observed only in the FTP network. It was found that in the low
frequency range FKBP5 high-risk allele group had less spectral power than low-risk allele group. Right panel shows bar plots of the average β-
values for group. β-Values were averaged over frequency bands with effects of the same directionality where test statistics exceeded the false
discovery rate (FDR) threshold (Po0.05). The color of the bar is proportional to the fraction of contributing frequency bins; the absence of a
bar indicates that multivariate tests did not identify this as an important predictor and therefore univariate tests were not performed or the
univariate results did not survive significant threshold. FTP, frontotemporoparietal.
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instead we used as a guide the findings of distinct networks in
stress-related conditions in comparative studies that had sample
sizes smaller than ours.22 We also note that we focused on healthy
participants, and so the findings cannot be generalized to clinical
populations. However, it was our intention to initially isolate the
effect of the FKBP5 risk alleles and in order to limit confounds; the
lack of a clinical sample is a potential strength of this study in that
the findings are not complicated by psychiatric morbidity and
medication. We also note further clarification is required from
studies that link resting-state analyses with fMRI studies that utilize
provocation tasks. It would be interesting to integrate resting state
and fear provocation paradigms, along with measures of cortisol,
to determine the extent to which the FTP network identified in
this study is associated with elevated neural fear responses in
groups with FKBP5 risk alleles. Further, longitudinal studies are
needed that assess the FTP network in participants with different
FKBP5 risk alleles to index how they respond clinically and
neutrally following exposure to traumatic events. We also note
that ‘it is possible that because no strategies were employed to
diminish potential physiological confounds such as the use of
concurrent recordings of physiological changes and the use of
removal strategies to exclude non-neuronal variables, these may
ultimately have affected the findings. However, the use of an ICA
framework, which manages to partially separate physiological
noise is likely to have limited the impact of this potential
confounds.35 These limitations notwithstanding, this study does
provide novel insight into a potential neural basis for the
increased risk for posttraumatic stress reactions in carriers of the
FKBP5 risk alleles.
Recognizing that the actual mechanisms reflected by resting-

state MRI are not well articulated,56 the current findings none-
theless point to distinct neural patterns in healthy people with risk
alleles known to infer risk for fear-related disorders after exposure
to adversity.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGMENTS
This study was funding by a National Health and Medical Research Council Program
Grant (1073041).

REFERENCES
1 Watts-English T, Fortson BL, Gibler N, Hooper SR, De Bellis MD. The psychobiology

of maltreatment in childhood. J Soc Issues 2006; 62: 717–736.
2 Yehuda R, Golier JA, Yang RK, Tischler L. Enhanced sensitivity to glucocorticoids in

peripheral mononuclear leukocytes in posttraumatic stress disorder. Biol Psy-
chiatry 2004; 55: 1110–1116.

3 de Kloet CS, Vermetten E, Geuze E, Kavelaars A, Heijnen CJ, Westenberg HGM.
Assessment of HPA-axis function in posttraumatic stress disorder: Pharmacological
and non-pharmacological challenge tests, a review. J Psychiatr Res 2006; 40: 550–567.

4 Yehuda R. Psychoneuroendocrinology of post-traumatic stress disorder. Psychiatr
Clin North Am 1998; 21: 359–379.

5 Scammell JG, Denny WB, Valentine DL, Smith DF. Overexpression of the FK506-
binding immunophilin FKBP51 is the common cause of glucocorticoid resistance
in three New World primates. Gen Compar Endocrin 2001; 124: 152–165.

6 Buchmann AF, Holz N, Boecker R, Blomeyer D, Rietschel M, Witt SH et al. Mod-
erating role of FKBP5 genotype in the impact of childhood adversity on cortisol
stress response during adulthood. Eur Neuropsychopharmacol 2014; 24: 837–845.

7 Ising M, Depping AM, Siebertz A, Lucae S, Unschuld PG, Kloiber S, Horstmann S
et al. Polymorphisms in the FKBP5 gene region modulate recovery from psy-
chosocial stress in healthy controls. Eur J Neurosci 2008; 28: 389–398.

8 Mahon PB, Zandi PP, Potash JB, Nestadt G, Wand GS. Genetic association of FKBP5
and CRHR1 with cortisol response to acute psychosocial stress in healthy adults.
Psychopharmacology (Berl) 2013; 227: 231–241.

9 Binder EB, Bradley RG, Liu W, Epstein MP, Deveau TC, Mercer KB et al. Association
of FKBP5 polymorphisms and childhood abuse with risk of posttraumatic stress
disorder symptoms in adults. JAMA 2008; 299: 1291–1305.

10 Xie P, Kranzler HR, Poling J, Stein MB, Anton RF, Farrer LA et al. Interaction of
FKBP5 with childhood adversity on risk for post-traumatic stress disorder. Neu-
ropsychopharmacology 2010; 35: 1684–1692.

11 Klengel T, Mehta D, Anacker C, Rex-Haffner M, Pruessner JC, Pariante CM et al.
Allele-specific FKBP5 DNA demethylation mediates gene-childhood trauma
interactions. Nat Neurosci 2013; 16: 33–41.

12 Fani N, Gutman D, Tone EB, Almli L, Mercer KB, Davis J et al. FKBP5 and attention
bias for threat: associations with hippocampal function and shape. JAMA Psy-
chiatry 2013; 70: 392–400.

13 White MG, Bogdan R, Fisher PM, Munoz KE, Williamson DE, Hariri AR. FKBP5 and
emotional neglect interact to predict individual differences in amygdala reactivity.
Genes Brain Behav 2012; 11: 869–878.

Figure 3. Distribution of spectral power of the frontotemporoparietal network over six equally spaced frequency bins (Bin1:0.01–0.04 Hz;
Bin2:0.05–0.08 Hz; Bin3:0.09–0.12 Hz; Bin4:0.13–0.16 Hz; Bin5:0.17–0.20 Hz; Bin6: 0.21–0.25 Hz) in both high-risk and low-risk allele groups.
High-risk allele group displayed significant less spectral power in low frequency range and greater power (but this did not survive multiple
comparison correction) in high frequency range.

FKBP5 and resting state
RA Bryant et al

6

Translational Psychiatry (2016), 1 – 7



14 Perez-Ortiz JM, Garcia-Gutierrez MS, Navarrete F, Giner S, Manzanares J. Gene and
protein alterations of FKBP5 and glucocorticoid receptor in the amygdala of
suicide victims. Psychoneuroendocrinology 2013; 38: 1251–1258.

15 Levy-Gigi E, Szabó C, Kelemen O, Kéri S. Association among clinical response,
hippocampal volume, and FKBP5 gene expression in individuals with posttrau-
matic stress disorder receiving cognitive behavioral therapy. Biol Psychiatry 2013;
74: 793–800.

16 Shin LM, Liberzon I. The neurocircuitry of fear, stress, and anxiety disorders.
Neuropsychopharmacology 2010; 35: 169–191.

17 Toro R, Fox PT, Paus T. Functional coactivation map of the human brain. Cereb
Cortex 2008; 18: 2553–2559.

18 Lanius RA, Bluhm R, Lanius U, Pain C. A review of neuroimaging studies in PTSD:
heterogeneity of response to symptom provocation. J Psychiatr Res 2006; 40:
709–729.

19 Sridharan D, Levitin DJ, Menon V. A critical role for the right fronto-insular cortex
in switching between central-executive and default-mode networks. Proc Natl
Acad Sci USA 2008; 105: 12569–12574.

20 Fox MD, Raichle ME. Spontaneous fluctuations in brain activity observed with
functional magnetic resonance imaging. Nat Rev Neurosci 2007; 8: 700–711.

21 Lanius RA, Bluhm RL, Coupland NJ, Hegadoren KM, Rowe B, Theberge J et al.
Default mode network connectivity as a predictor of post-traumatic stress dis-
order symptom severity in acutely traumatized subjects. Acta Psychiatr Scand
2010; 121: 33–40.

22 Sripada RK, King AP, Garfinkel SN, Wang X, Sripada CS, Welsh RC et al. Altered
resting-state amygdala functional connectivity in men with posttraumatic stress
disorder. J Psychiatry Neurosci 2012; 37: 241–249.

23 Sripada RK, King AP, Welsh RC, Garfinkel SN, Wang X, Sripada CS et al. Neural
dysregulation in posttraumatic stress disorder: evidence for disrupted equilibrium
between salience and default mode brain networks. Psychosom Med 2012; 74:
904–911.

24 Zimmermann P, Bruckl T, Nocon A, Pfister H, Binder EB, Uhr M et al. Interaction of
FKBP5 gene variants and adverse life events in predicting depression onset:
results from a 10-year prospective community study. Am J Psychiatry 2011; 168:
1107–1116.

25 Mehta D, Gonik M, Klengel T, Rex-Haffner M, Menke A, Rubel J et al. Using
polymorphisms in FKBP5 to define biologically distinct subtypes of posttraumatic
stress disorder: evidence from endocrine and gene expression studies. Arch Gen
Psychiatry 2011; 68: 901–910.

26 Boscarino JA, Erlich PM, Hoffman SN, Zhang X. Higher FKBP5, COMT, CHRNA5, and
CRHR1 allele burdens are associated with PTSD and interact with trauma expo-
sure: Implications for neuropsychiatric research and treatment. Neuropsychiatr Dis
Treat 2012; 8: 131–139.

27 Velders FP, Kuningas M, Kumari M, Dekker MJ, Uitterlinden AG, Kirschbaum C et al.
Genetics of cortisol secretion and depressive symptoms: a candidate gene and
genome wide association approach. Psychoneuroendocrinology 2011; 36:
1053–1061.

28 Binder EB. The role of FKBP5, a co-chaperone of the glucocorticoid receptor in the
pathogenesis and therapy of affective and anxiety disorders. Psychoneur-
oendocrinology 2009; 34(Suppl 1): S186–S195.

29 Beck AT, Steer RA, Brown GK. Beck Depression Inventory-Second Edition. : The
Psychological Corporation: San Antonio, TX, USA, 1996.

30 Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. Manual for the State-
Trait Anxiety Inventory. Palo Alto: CA, USA, 1983.

31 Gratz KL, Roemer L. Multidimensional assessment of emotion regulation
and dysregulation: development, factor structure, and initial validation of
the difficulties in emotion regulation scale. J Psychopath Behav Assess 2004; 26:
41–54.

32 Van Dijk KR, Hedden T, Venkataraman A, Evans KC, Lazar SW, Buckner RL. Intrinsic
functional connectivity as a tool for human connectomics: theory, properties, and
optimization. J Neurophys 2010; 103: 297–321.

33 Calhoun VD, Adali T, Pearlson GD, Pekar JJ. Spatial and temporal independent
component analysis of functional MRI data containing a pair of task-related
waveforms. Hum Brain Mapp 2001; 13: 43–53.

34 Bell AJ, Sejnowski TJ. An information-maximization approach to blind separation
and blind deconvolution. Neural Comput 1995; 7: 1129–1159.

35 Allen EA, Erhardt EB, Damaraju E, Gruner W, Segall JM, Silva RF et al. A baseline
for the multivariate comparison of resting-state networks. Front Syst Neurosci
2011; 5: 2.

36 Patel R, Spreng RN, Shin LM, Girard TA. Neurocircuitry models of posttraumatic
stress disorder and beyond: a meta-analysis of functional neuroimaging studies.
Neurosci Biobehav Rev 2012; 36: 2130–2142.

37 Jafri MJ, Pearlson GD, Stevens M, Calhoun VD. A method for functional network
connectivity among spatially independent resting-state components in schizo-
phrenia. Neuroimage 2008; 39: 1666–1681.

38 Genovese CR, Lazar NA, Nichols T. Thresholding of statistical maps in functional
neuroimaging using the false discovery rate. Neuroimage 2002; 15: 870–878.

39 Das P, Calhoun V, Malhi GS. Bipolar and borderline patients display differential
patterns of functional connectivity among resting state networks. Neuroimage
2014; 98: 73–81.

40 Wolf RC, Sambataro F, Vasic N, Schmid M, Thomann PA, Bienentreu SD et al.
Aberrant connectivity of resting-state networks in borderline personality disorder.
J Psychiatry Neurosci 2011; 36: 402–411.

41 Greicius MD, Menon V. Default-mode activity during a passive sensory task:
uncoupled from deactivation but impacting activation. J Cogn Neurosci 2004; 16:
1484–1492.

42 Ochsner KN, Ray RD, Cooper JC, Robertson ER, Chopra S, Gabrieli JD et al. For
better or for worse: neural systems supporting the cognitive down- and up-
regulation of negative emotion. Neuroimage 2004; 23: 483–499.

43 Maier S, Szalkowski A, Kamphausen S, Perlov E, Feige B, Blechert J et al. Clarifying
the role of the rostral dmPFC/dACC in fear/anxiety: learning, appraisal or
expression? PLoS ONE 2012; 7: e50120.

44 Robinson OJ, Charney DR, Overstreet C, Vytal K, Grillon C. The adaptive threat bias
in anxiety: amygdala-dorsomedial prefrontal cortex coupling and aversive
amplification. Neuroimage 2012; 60: 523–529.

45 Mechias ML, Etkin A, Kalisch R. A meta-analysis of instructed fear studies: impli-
cations for conscious appraisal of threat. Neuroimage 2010; 49: 1760–1768.

46 Lieberman MD, Eisenberger NI, Crockett MJ, Tom SM, Pfeifer JH, Way BM. Putting
feelings into words: affect labeling disrupts amygdala activity in response to
affective stimuli. Psychol Sci 2007; 18: 421–428.

47 Lee KH, Siegle GJ. Common and distinct brain networks underlying explicit
emotional evaluation: a meta-analytic study. Soc Cog Affect Neurosci 2012; 7:
521–534.

48 Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior
cingulate cortex. Trends Cogn Sci 2000; 4: 215–222.

49 Etkin A, Egner T, Kalisch R. Emotional processing in anterior cingulate and medial
prefrontal cortex. Trends Cogn Sci 2011; 15: 85–93.

50 Williams LM, Kemp AH, Felmingham K, Barton M, Olivieri G, Peduto A et al.
Trauma modulates amygdala and medial prefrontal responses to consciously
attended fear. Neuroimage 2006; 29: 347–357.

51 Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H et al. Dis-
sociable intrinsic connectivity networks for salience processing and executive
control. J Neurosci 2007; 27: 2349–2356.

52 Craig AD. How do you feel--now? The anterior insula and human awareness. Nat
Rev Neurosci 2009; 10: 59–70.

53 Klapwijk ET, Goddings AL, Burnett Heyes S, Bird G, Viner RM, Blakemore SJ.
Increased functional connectivity with puberty in the mentalising network
involved in social emotion processing. Horm Behav 2013; 64: 314–322.

54 Kret ME, Denollet J, Grezes J, de Gelder B. The role of negative affectivity and
social inhibition in perceiving social threat: an fMRI study. Neuropsychologia 2011;
49: 1187–1193.

55 Decety J, Lamm C. The role of the right temporoparietal junction in social
interaction: how low-level computational processes contribute to meta-cognition.
The Neuroscient 2007; 13: 580–593.

56 Lu H, Stein EA. Resting state functional connectivity: its physiological basis and
application in neuropharmacology. Neuropharmacology 2014; 84: 79–89.

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 International License. The images or

other third party material in this article are included in the article’s Creative Commons
license, unless indicatedotherwise in the credit line; if thematerial is not included under
the Creative Commons license, users will need to obtain permission from the license
holder to reproduce the material. To view a copy of this license, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/

© The Author(s) 2016

FKBP5 and resting state
RA Bryant et al

7

Translational Psychiatry (2016), 1 – 7

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Association of FKBP5 polymorphisms and resting-state activity in a frontotemporal&#x02013;parietal network
	Introduction
	Materials and methods
	Participants
	MRI data acquisition
	fMRI data analysis
	Data pre-processing
	ICA and identification of resting-state networks
	Selection of networks of interest and visualization
	Second-level analyses of networks of interest


	Results
	Participant characteristics
	Resting-state patterns

	Table 1 Participant characteristics
	Table 2 Primary brain regions within each network
	Discussion
	Figure 1 Six components/networks of interest.
	Figure 2 Left panel depicts the significance and direction of group effect as a function of frequency for each component, displayed as the &#x02212;�(t)log10(p).
	A5
	A6
	ACKNOWLEDGEMENTS
	REFERENCES
	Figure 3 Distribution of spectral power of the frontotemporoparietal network over six equally spaced frequency bins (Bin1:0.01&#x02013;0.04&znbsp;Hz; Bin2:0.05&#x02013;0.08&znbsp;Hz; Bin3:0.09&#x02013;0.12&znbsp;Hz; Bin4:0.13&#x02013;0.16&znbsp;Hz; Bin5:0




