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Background

FK506 binding protein 5 (FKBP5) has repeatedly been shown
to be a critical determinant of post-traumatic stress disorder
(PTSD) and depression following childhood trauma.

Aims
To examine the role of FKBP5-trauma interactions in the
partly stress-related psychosis phenotype.

Method

In 401 general population twins, four functional
polymorphisms were examined in models of psychosis and
cortisol, and followed up in models of psychosis in three
samples at different familial liability (175 controls, 200
unaffected siblings and 195 patients with a psychotic
disorder).
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Results

The most consistent finding was an interaction between
childhood trauma and rs9296158/rs4713916 on psychotic
symptoms and cortisol in the twin sample, combined with a
directionally similar interaction in siblings (rs4713916) and
patients (rs9296158), A-allele carriers at both polymorphisms
being most vulnerable to trauma.

conclusions

Trauma may increase the risk of psychosis through enduring
changes in the cortisol feedback loop, similar to that for
PTSD, suggesting comparable biological mechanisms for
psychosis across diagnostic boundaries.

Declaration of interest
None.

Meta-analytic evidence suggests that childhood trauma plays an
important role in the development of psychotic outcomes, both
at the level of psychotic disorder and at the level of the extended
psychosis phenotype of subclinical psychotic experiences in the
general population.! A recent study investigated patients with
psychotic disorder, their healthy siblings and controls, and found
that the association between trauma and psychosis was apparent
across different levels of illness and vulnerability to psychotic
disorder, suggesting a true association rather than reporting bias,
reverse causality or a passive gene—environment correlation.”
However, although childhood trauma may have true aetiological
relevance, it is neither necessary nor sufficient for the development
of psychosis and other factors such as underlying genetic liability
are likely to also play a role.”

The causal role of childhood trauma may be mediated in part
by alterations in hypothalamic—pituitary—adrenocortical (HPA)
axis functioning.* Several lines of evidence indicate that
dysregulation of the HPA axis may play a role in the relationship
between a stressful environment (for example trauma) and
psychotic experiences® in individuals with a psychotic disorder
or at increased risk of developing a psychotic disorder.’
Abnormalities have been found at various levels of the HPA axis,
including functional and structural changes in the pituitary and
hippocampus.® Similarly, dysregulation of cortisol and, possibly,
abnormalities in glucocorticoid receptors may be present.”
Furthermore, there may be a synergistic relationship between
activation of the HPA axis and activation of dopaminergic circuits
that have been implicated in psychosis. Although the exact
mechanisms remain to be elucidated, evidence suggests that
glucocorticoid secretion may increase dopamine activity in brain
regions that have been associated with experience of positive
psychotic symptoms.”

*These authors contributed equally to the work.
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The data thus suggest that glucocorticoid signalling may play a
pivotal role in the link between trauma-induced HPA-axis
dysregulation and psychosis. Consequently, genetic variation
determining functioning of glucocorticoid signalling may explain
differential sensitivity to trauma. However, identification of
molecular-genetic variants within the context of a gene—
environment (G x E) interaction has proven difficult, and recent
studies have challenged ‘established’ interactions such as COMT
and cannabis in the field of psychosis,” and serotonin
transporter x (social) stress in affective disorders.” An exception
to this rule may be the interaction between single nucleotide
polymorphisms (SNPs) in the FK506 binding protein 5 (FKBP5)
and childhood trauma in their effect on stress-related mental
disorders such as affective disorders and post-traumatic stress
disorder (PTSD), for which relatively consistent findings were
reported, although it should be noted that no formal meta-
analysis critically evaluating the entire evidence base is currently
available. FK506 binding protein 5 is a critical modulator of the
feedback loop determining glucocorticoid receptor sensitivity.
Both in children and in adults, FKBP5 SNPs have been associated
with symptoms of PTSD when individuals have been exposed to
trauma.'®"! Given the status of psychotic disorder as a partly
stress-related ~ condition, and the relatively consistent
FKBP5 X trauma interactions reported in mood and anxiety
phenotypes, the present study aimed to investigate the
FKBP5 X childhood trauma interaction in relation to psychosis.
It has been proposed that G x E interactions may be captured best
by studying both clinical and subclinical expression of psychosis
outcomes. Subthreshold phenomena may better capture the
genetic vulnerability that is shared between the clinical and the
non-clinical phenotypes'> and may be less biased by secondary
factors related to the disorder or its treatment; associations at
the level of the disorder phenotype confirm the hypothesised
clinical relevance. In addition, consistency of interactions across
different samples and statistical approaches may be a fruitful
strategy to distinguish true interactions from chance findings."
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Therefore, the current study examined the FKBP5 x childhood
trauma interaction in different samples, across different levels of
psychosis severity and genetic liability, and across different
phenotypes. The FKBP5 x trauma interaction first
investigated in a discovery sample of female twins from the general
population, at the level of subclinical psychosis (analysis 1) and at
the level of biological phenotype (cortisol, analysis 2).
Subsequently, in independent replication samples, we investigated
whether the FKBP5 x childhood trauma interaction predicted
subclinical expression of psychosis in a healthy control group
(analysis 3) and in a sample with elevated genetic risk, i.e.
unaffected siblings of patients with psychotic disorder (analysis
4). Finally, we examined the association between FKBP5 SNPs
and childhood trauma in the affected probands with psychotic
disorder (analysis 5).

was

Method

Analyses 1 and 2 - general population twin study

The discovery sample consisted of 621 female participants, aged
18-61 vyears, recruited with the purpose to study G xE inter-
actions in mental disorders, as described previously. Participants
came from the East Flanders Prospective Twin Survey. This
population-based survey has prospectively recorded all multiple
births in the province of East Flanders, Belgium, since 1964,
Since the original goal of this sample was to study the role of
stress-sensitivity in depression, the sample was female only, given
evidence for qualitative differences in the type of environmental
stressors that are associated with depression in men and women.
Zygosity was determined through sequential analysis based on
gender, fetal membranes, blood groups and DNA. Participants
were of White ethnic group and of Belgian origin. The Structured
Clinical Interview for DSM-IV Axis I disorders (SCID-I)> was
administered to obtain current and lifetime diagnoses of major
depressive disorder. Subclinical psychosis and depression were
assessed using the Community Assessment of Psychic Experiences
(CAPE), a validated instrument for assessing subclinical
symptoms in general population samples.'® Standardised sum
scores of the positive and depressive items subscale were used in
the analyses. In this sample, as well as in the replication sample
analysed in the present paper, mean childhood trauma scores were
generated from the Childhood Trauma Questionnaire (CTQ)."”
The CTQ consists of 25 questions rated on a five-point Likert scale
enquiring about traumatic experiences in childhood. In total,
582 individuals completed the trauma measures and of those,
421 participants provided DNA as well. There were no demographic
differences between participants included and not included in the
analyses regarding age, highest educational level achieved, marital
status, work or living situation.

Cortisol was sampled ten times over the course of the day for 5
consecutive days using intrabuccal swaps, a method validated by
previous research.'® Mean cortisol levels over this period were
used for the current analyses. Salivary free cortisol levels were
determined in duplicate, using a time-resolved immunoassay with
fluorescence detection.'® The lower detection limit of this assay
was 0.2 nmol/l; interassay and intra-assay coefficients of variation
were <10%. Cortisol samples considered as physiologically
abnormal (>44nmol/)'® and thus incorrect were therefore
excluded from the analysis. The project was approved by the local
ethics committee and all participants gave written informed
consent.

Multilevel regression analysis was used taking into account
clustering within twin pairs using the XTREG command in Stata
version 12 for Windows. Significance was assessed by Wald test.
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The SNPs were coded 0/1/2 according to minor allele loading
and analysed linearly. Age, gender, depressive symptoms and
stressful life events were added as a priori confounders. Effect sizes
were calculated by combining the appropriate linear combinations
using the Stata LINCOM procedure.

Additional confounders for cortisol analyses were oestrogen
exposure and, as cortisol alterations are common in depression,
participants with a current or lifetime depressive disorder were
excluded from the analyses. Power calculations revealed a power
of 0.81 (with an anticipated beta of 0.2 for the interaction at an
alpha of 0.05) for analysis 1 and a power of 0.88 for analysis 2
(with an anticipated beta of 0.25 at an alpha of 0.05). Effect sizes
were conservatively estimated based on previous research
(estimated based on Appel et al,*® Alemany et al*').

Analysis 3-5 — patients with psychotic disorder,
their unaffected siblings and healthy controls

The sample comprised 272 patients, 258 of their siblings and
227 healthy controls, as described by Heins and colleagues.’
Of those, 195 patients, 200 siblings and 175 controls also
provided DNA. Analyses 3-5 were therefore conducted in a
sample of patients with psychotic disorder (n=195), their
unaffected siblings (n=200) and healthy controls (n=175).
There were no significant differences in age, IQ, education or
ethnicity between the groups of included participants and those
who dropped-out; however, more male participants dropped
out of the analyses.

In selected representative geographical areas in The Netherlands
and Belgium, patients were identified through clinicians working
in regional psychotic disorder services, whose case-load was
screened for inclusion criteria. Subsequently, patients presenting
consecutively at these services either as out-patients or in-patients
were recruited for the study. First-degree relatives were sampled
through participating patients and control participants were
recruited through a system of random mailings in the catchment
areas of the cases.

Inclusion criteria were: (a) age 16 to 50 years; (b) diagnosis of
non-affective psychotic disorder; and (c¢) good command of Dutch
language. Siblings had to be free of any lifetime non-affective
psychotic disorder. For the controls, the occurrence of any
psychotic disorder in either the participants or any first-degree
family member, assessed using the Family Interview for Genetic
Studies (FIGS),* constituted an exclusion criterion. Trained
research psychologists based diagnosis on DSM-IV criteria,”
assessed with the Comprehensive Assessment of Symptoms and
History (CASH) interview.”* The DSM-IV diagnoses of the
patients were: schizophrenia and related disorders (DSM-IV
295.x: n=165, 84.6%), other psychotic disorders (DSM-IV 297/
298; n=27, 13.8%) and psychotic illness in the context of
substance misuse (1= 3; 1.5%). Subclinical psychotic experiences
were defined as the mean of the positive schizotypy subscale of
the Structured Interview for Schizotypy — Revised (SIS-R).*
The SIS-R is a semi-structured interview containing 20 schizotypal
features and 11 schizoptypal signs, rated on a four-point scale.
Questions and rating procedures are standardised. Psychotic and
depressive symptoms (mean) in the patient sample were assessed
with the Brief Psychiatric Rating Scale (BPRS).?®

Age, gender and depressive symptoms were added as a priori
confounders in analyses 3, 4 and 5. In this sample, recent life
events were not assessed and could therefore not be added as an
a priori confounder, in contrast to analysis 1 in the general
population twin sample. Power calculations revealed a power of
0.47 for analysis 3 (with an anticipated beta of 0.2 and alpha
of 0.05, as also applied in analysis 1), a power of 0.72 for
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analysis 4 (with an anticipated beta of 0.25 instead of 0.20 given
above-average genetic risk in the unaffected siblings, and alpha
0f 0.05), and a power of 0.87 for analysis 5 (with an estimated beta
of 0.3 instead of 0.20 given highest genetic risk in the patients, and
alpha of 0.05).%°

Moreover, a case-only analysis was considered to examine
G X E interactions at the level of the clinical disorder. A case-only
design determines presence of G x E interactions on the basis of
an association between SNP and exposure, while assuming
independence between SNP and exposure. However, a power
calculation using Quanto (http://hydra.usc.edu/gxe/) revealed a
power of only 0.21 for a case-only analysis when applying an odds
ratio (OR) of 5 for the exposed homozygous risk carriers
compared with the reference genotype (based on Appel et al*®
and Alemany et al’'). Given the unacceptably low power of the
case-only design, this analysis was not pursued further.

Genotyping

In the general population twin sample, four FKBP5 SNPs were
chosen based on their documented functional relevance, in terms
of mRNA expression or dexamethasone—corticotropin-releasing
hormone or dexamethasone suppression effects: rs9296158,
rs1043805, rs1360780 and rs4713916. In the replication samples,
genotype data for FKBP5 SNPs were available through earlier
genotyping efforts.”” In this sample, three of the four SNPs were
selected for genotyping (rs9296158, rs4713916, rs1360780);
however, genotyping failed for rs1360780. Furthermore, five
additional SNPs were available in this sample, some of which were
in (almost) perfect linkage disequilibrium with the missing
functional SNPs (Fig. 1). Thus, rs992105 was used to substitute
rs1043805 (r*=1.0), and rs3800373 was used instead of
rs1360780 (r*=0.94) in the replication efforts. The SNPs were
determined by Sequenom (Hamburg, Germany: www.sequenom.
com/) using the Sequenom MassARRAY iPLEX platform at the
facilities of the manufacturer as described previously.”” None of
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Fig. 1 Position of single nucleotide polymorphisms (SNPSs)

genotyped within the current studies.

The linkage disequilibrium among the SNPs is depicted as r?, with complete linkage
disequilibrium, or r?=1 in black and no linkage disequilibrium or r>=0 in white.
Linkage disequilibrium values in between are represented in shades of grey. The
panel depicts the linkage disequilibrium structure in a White ethnic group (CEPH
from HapMap). rs4713916 was not genotyped by the HapMap consortium.
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the SNPs had more than 10% genotyping errors or were in severe
Hardy—Weinberg disequilibrium (P<0.001).

Results

Analysis 1 — general population twin study

Of the 421 participants with complete data, 19 individuals had to
be excluded because of more than 10% genotyping errors. This
resulted in a data-set of 401 participants of White ethnic group
with a mean age of 27.7 years (s.d.=7.9; range 18-61). A total
of 61% had received higher education, 36.9% had attended higher
secondary school and 2.2% had completed primary school only.
The majority were employed (62.1%) and in a relationship
(75.2%). The mean trauma score was 1.7 (s.d.=0.6). The mean
CAPE score was 1.18 (range 1—4.1). There was a significant main
effect of trauma in the model of subclinical psychosis (b=0.41
(s.e.=0.08), P<0.001), however, no genetic main effect for any
of the SNPs (P-values between 0.4 and 0.8). Three SNPs,
rs9296158, rs1043805 and rs1360780, showed significant inter-
action at P<0.01 with childhood trauma in the model of
subclinical ~ psychosis, and rs4713916 showed suggestive
interaction (Table 1 and Table 2).

Analysis 2 - bhiological validation

There was no main effect of trauma (b= —0.03 (s.e.=0.04),
P=0.41) or any of the SNPs (P-values between 0.5 and 0.9) in
the model of mean cortisol level. However, there was a significant
interaction with trauma for the following FKBP5 SNPs: rs9296158
(x*(1) =4.72, P=0.03), rs4713916 (x*(1)=5.67, P=0.02) and a
trend for rs1360780 (yx*(1)=3.35, P=0.067), but not for
rs1043805 (%*(1)=0.51, P=0.48) (Table 2). As depicted in Fig.
2, participants homozygous for the FKBP5 risk alleles who were
exposed to higher levels of trauma had significantly lower mean
cortisol levels, indicative of increased glucocorticoid receptor
sensitivity, whereas this was not found in the participants with
lower levels of trauma or with other FKBP5 genotypes.

Analysis 3 - healthy controls

As described above, the sample for analysis 3 comprised 175
healthy controls. They had a mean age of 30.7 years
(s.d.=11.13; range 16-56), 119 (68%) were female, 84% had
received higher education, 14.3% had attended higher secondary
school and 1.7% had finished primary school only. The ethnicity
of the controls was: 93% White, 6% mixed and 1% was from
another ethnic group. The mean trauma score was 1.4
(s.d.=0.4). The mean SIS-R score was 0.50 (range 0-2.14). Allele
frequencies were G/G: 48.8%, A/G: 41.2%, A/A: 10% for
1s9296158; G/G: 46.5%, A/G: 43%, A/A: 10.5% for rs4713916;
AlA: 68%, A/C: 28%, C/C: 4% for rs992105; G/G: 52.5%, G/T:
38.5%, T/T: 9% for rs3800373.

There was no main effect of trauma on subclinical psychosis
(b=0.01 (s.e.=0.02), P=0.66), and none of the SNPs showed a
significant main effect (P-values between 0.34 to 0.9).

In this sample, none of the four SNPs showed interaction at
P<0.05 with childhood trauma in the model of subclinical
psychosis  (rs4713916 (F(1,143)=0.02, P=0.90); 159296158
(F(1,144) =0.08, P=0.77); 15992105 (F(1,144)=0.12, P=0.73);
13800373 (F(1,144) =0.24; P=0.63))(Table 2).

Analysis 4 - unaffected siblings

The final sample of unaffected siblings included 200 individuals
with a mean age of 26.58 years (s.d.=8.06; range 14-50). There
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Table 1

Interaction effects between FK506 binding protein 5 (FKBP5) single nucleotide polymorphisms (SNPs) and trauma on

subclinical psychosis?

Hardy-Weinberg

SNP and allele frequencies equilibrium, P

rs9296158
G/G: 48%
A/G: 40%
AIA12%

0.08

Coefficient (b)
0.33

95% ClI P Risk allele

0.09 to 0.57 0.007 A

rs4713916
G/G: 47%
A/G: 38.5%
A/A: 14.5%

rs1043805
A/A: 68.5%
A/C: 29%
C/C: 2.5%

rs1360780
G/G: 51%
G/T: 37.5%
T/T: 11.5%

0.006

0.68

0.01

a. This table refers to analysis 1. Significant interactions are in bold.

0.20

0.66

0.31

—0.03t00.43 0.08 A

0.31to0 1.01

0.0003 A

0.10 t0 0.51 0.004 T

Table 2 Overview of P-values (risk alleles) for all samples and analyses?

General General Healthy Unaffected Patients,
population, population, controls, psychosis siblings, psychosis
Single nucleotide polymorphisms  psychosis (1=401)  cortisol (n=345) (n=175) psychosis (n=200) (n=195) Consistency®
$9296158 0.007 (A) 0.03 (A) 0.77 0.32 0.03 (A) ++ +
rs4713916 0.08 (4) 0.02 (A) 0.90 0.02 (A) 0.27 + 4+ +
rs1043805/r$992105 (%= 1.0) 0.0003 (A) 0.48 0.73 0.04 (C)*° 0.20 + -
r$1360780/rs3800373 (> =0.94) 0.004 (T) 0.07 (T) 0.63 0.59 0.13 ++
a. Table refers to all analysis (1-5). Significant interactions are in bold.
b. Consistency with respect to direction of effects.
C. r$992105 (C) is in perfect linkage with rs1043805 (7).
9 1 94 94
8 8 8
< 7 7 7
IS
£ 6 6 6
o
2 > > > e Mild to moderate
‘8‘ 4 4 44 trauma
c (n=max. 247)
S 3 3 34
= e SeVere trauma
2 24 24 (n=max. 98)
1 1 14
0 I T 0 T 0 T T 1
G/G A/G A/A G/G A/G A/A c/C C/T /T
1$9296158 rs4713916 rs1360780c

Fig. 2 Mean cortisol level as a function of FK506 binding protein 5 (FKBP5) genotype and level of trauma exposure, indicating

glucocorticoid receptor hypersensitivity in traumatised risk genotypes of the general population.

For mild to moderate trauma n was a maximum of 247. For severe trauma n was a maximum of 98.

were 112 (56%) women, 68% had received higher education, 22%
had attended higher secondary school and 10% had finished
primary school only The ethnicity of this sample was: 81% White,
9% mixed and 2% from another ethnic group. The mean
trauma score was 1.5 (s.d.=0.4). The mean SIS-R score was
0.60 (range 0-2.57). There was no main effect of trauma on
subclinical psychosis (b=0.02 (s.e.=0.02), P=0.24), and none
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of the FKBP5 SNPs showed a significant main effect (P-values
between 0.4 and 0.8).

In this sample, there was a significant interaction with trauma
in the model of level of positive schizotypy for rs4713916
(F(1,166) =5.25, P=0.02) and 1s992105 (F(1,166)=4.23,
P=0.04), but not for rs9296158 (F(1,166)=0.99, P=0.32) and
rs3800373 (F(1,163) =0.30, P=0.59) (Table 2 and Table 3).
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Table 3 Single nucleotide polymorphisms (SNP) x trauma interactions on the positive schizotypy subscale of the Structured

Interview for Schizotypy — Revised positive schizotypy in 200 unaffected siblings?

Hardy-Weinberg

SNP and allele frequencies equilibrium, P

rs9296158 0.60 0.03
G/G: 56%
AlG: 37%
AIA: 7%

Coefficient (b)

95% Cl P Risk allele

—0.03t0 0.10 0.32 -

rs4713916 0.20 0.07
G/G: 56%
A/G: 38%
AlA: 6%

0.10t0 0.14 0.02 A

r$992105° 0.38 0.08
A/A: 75%
A/C: 23%
C/C: 2%

rs3800373° 0.30 0.02
G/G: 59%
G/T: 35%
TIT: 6%

a. Table refers to analysis 4. Significant interactions are in bold.
b. In 94 and 100% linkage disequilibrium with rs1360780 and rs1043805, respectively.

0.003 to 0.16 0.04 C

—0.05t0 0.09 0.59 -

Table 4 Single nucleotide polymorphisms (SNP) x trauma interactions on Brief Psychotic Rating Scale (BPRS) positive symptoms

in 195 patients®

Hardy-Weinberg

SNP and allele frequencies equilibrium, P

r$9296158 0.60 0.07
G/G: 47%
AlG: 44%
AIA: 9%

rs4713916 0.20 0.03
G/G: 52%
AlG: 36%
AlA: 12%

Coefficient (b)

95% ClI P Risk allele

0.005 to 0.13 0.03 A

—0.024 to 0.086 0.27 -

rs992105° 0.38 0.06
A/A: 69%
A/IC: 29%
C/C: 2%

rs3800373° 0.30 0.05
G/G: 51%
GIT: 42%
TIT: 7%

a. Table refers to analysis 5. Significant interactions are in bold.
b. In 94 and 100% linkage disequilibrium with rs1360780 and rs1043805 respectively.

—0.031t00.14 0.20

—0.011t00.12 0.13 -

Analysis 5 — association with symptoms in patients

The final patient sample included 195 patients with a psychotic
disorder with a mean age of 28.1 years (s.d.=8.3; range 15-60).
There were 52 women (26.7%) and 58.5% had received higher
education, 30.0% had attended higher secondary school and
11.5% had finished primary school only. The ethnicity of the
patient sample was: 87% White, 9% mixed ethnicity and 4% from
another ethnic group. The mean trauma score was 1.7 (s.d.=0.6).
The mean BPRS score was 1.67 (range 1-4.60). There was a
significant main effect of trauma on BPRS score (b=0.06
(s.e.=0.02), P<0.005), and there were no genetic main effects
(P-values between 0.2 and 0.9).

One SNP moderated the effect of trauma on psychotic
symptoms (measured with the BPRS) in patients with a psychotic
disorder: rs9296158 (F(1,161)=4.55, P=0.03), whereas no
interaction was found for rs4713916 (F(1,158)=1.24, P=0.27),
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18992105 (F(1,160) =1.69, P=0.20) and rs3800373 (F(1,158) =
2.38, P=0.13) (Table 2 and Table 4).

Results that were partially consistent over all analyses were
thus found for rs9296158 and rs4713916: significant, directionally
similar interactions were found for both of these SNPs in at least
two independent samples in combination with an interaction in
the same direction for a biological/physiological outcome
measure; however, inconclusive results were also found (Table 2).

Discussion

Given the pivotal role of FKBP5 in moderating stress response and
risk for PTSD and depression, the current paper, for the first time,
examined the role of FKBP5 x trauma interactions in psychosis.
The most consistent finding was an interaction between two
FKBP5 SNPs, namely rs9296158 and rs4713916, and childhood
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trauma in the models of both psychotic symptoms and cortisol,
showing robust effects in the general population twin sample, in
combination with a directionally similar interaction in unaffected
siblings (rs4713916) and patients with a psychotic disorder
(rs9296158).

FKBP5, cortisol, dopamine and psychosis

Our results are in line with other human and animal studies,
supporting the role of the FKBP5 genotype in modifying the
effects of childhood trauma on mental disorders,!!?*8-31
although the implicated SNPs were not always the same.
Specifically, the two SNPs most consistently interacting with
childhood trauma in the present study (rs9296158/rs4713916)
were also found to interact in previous studies of PTSD,*®
suicidality®® and depression,” whereas in another study these
SNPs did not significantly interact with trauma®® or were not
investigated.”” The two remaining SNPs that did not show
convincing evidence for interaction in this study (rs992105/
rs1043805 and rs3800373/rs1360780) were previously found to
interact with trauma in other studies examining adult PTSD
symptoms,*® peri-traumatic dissociation in children after medical
trauma’> and depression.31 Reasons for inconsistent interactions, at
the level of the specific SNPs implied, may be the large degree of
linkage disequilibrium in FKBP5 (as depicted in Fig. 1) and the
limited knowledge about the functional properties of these SNPs."!

Previous work has shown that individuals with FKBP5 high-
induction alleles have a greater risk of developing PTSD following
childhood trauma.?® Furthermore, whereas high-induction alleles
were associated with relative glucocorticoid receptor resistance in
individuals without PTSD, there was a reversal of this association
in individuals exposed to childhood trauma; high-induction
genotypes with a diagnosis of PTSD displaying glucocorticoid
receptor supersensitivity rather than glucocorticoid receptor
resistance.”® Our results were similar in this regard: exposure to
childhood trauma seemingly induced glucocorticoid receptor
supersensitivity in individuals with high-induction alleles as
evidenced by lower mean cortisol levels. Additionally, traumatised
individuals with high-induction alleles showed higher levels of
psychosis expression. Phenomenological similarities between
PTSD and psychotic disorder may thus share a common under-
lying mechanism. Therefore, carefully enquiring about trauma
history in patients with psychosis is useful, allowing targeted inter-
ventions to reduce trauma-related anxiety, hyperarousal and
stress-sensitivity in these patients.”*

There is biological plausibility to the hypothesis that
individuals homozygous for the high-induction alleles carry the
highest risk for psychosis expression and decreased cortisol levels
(as a result of glucocorticoid receptor hypersensitivity) when
exposed to trauma. After cortisol binding, the glucocorticoid
receptor translocates from the cytosol to the nucleus where it
exerts its effects on glucocorticoid receptor-sensitive genes.
Glucocorticoid receptor sensitivity can be modulated by molecules
binding to this system, so-called ‘co-chaperones, one of which is
FKBP5. Upon cortisol binding, FKBP5 is replaced by FKBP4,
which allows for the translocation of the glucocorticoid receptor
complex into the nucleus. There, the glucocorticoid receptor com-
plex then increases FKBP5 translation, which in turn confers higher
glucocorticoid receptor resistance in the cytosol, thus ensuring a
direct feedback loop on glucocorticoid receptor sensitivity."'

Our results suggest that trauma exposure, most likely due to
an excess of cortisol exposure in childhood, may have an impact
on these mechanisms, thereby resulting in increased gluco-
corticoid receptor hypersensitivity in individuals homozygous
for the high-induction alleles. In support of this hypothesis is a
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study showing that mice lacking the gene encoding FKBP5 were
shown to be less vulnerable to the adverse effects of social defeat.’
Rodent work also suggests that trauma results in increased
methylation of the glucocorticoid receptor’® and maternal
behaviour changed HPA axis responses to stress by regulating
glucocorticoid receptor gene expression through epigenetic
programming in rodents’ and humans.*® These mechanisms
may be regulated by FKBP5 polymorphisms, as suggested by work
in mice showing that a combined FKBP5 deletion and additional
stress exposure resulted in decreased HPA axis reactivity and
glucocorticoid receptor expression.>

Furthermore, dysregulation of the HPA axis — including
dysregulation of cortisol and possibly also abnormalities in
glucocorticoid receptors — was repeatedly demonstrated in
patients with a psychotic disorder.” Although the exact
mechanisms remain to be elucidated, evidence suggests that
glucocorticoid secretion may increase dopamine activity in brain
regions that have been associated with the experience of positive
psychotic symptoms.” Importantly, glucocorticoid receptor
sensitivity influences in vivo dopamine release in response to stress
in the rat prefrontal cortex,** providing credence to the notion
that FKBP5 may contribute to the onset of psychotic experiences
in the context of exposure to childhood trauma.

Strengths and shortcomings

Although the present results may have considerable biological
plausibility, it is important to cautiously consider the limitations.
The most important consideration in this regard is the risk of
false-positive findings associated with any genetic study, especially
in the context of undisclosed statistical comparisons, low a priori
probability of interaction and/or low statistical power,*' issues
that are more common in (but are not exclusive to) candidate
gene approaches. We have carefully considered these issues in
the present study. First, we would argue that the a priori
probability of interaction is relatively high, given (a) consistent
findings of an FKBP5 X trauma interaction in PTSD and other
stress-related phenotypes, and (b) considerable biological
plausibility, which was supported by the finding of an
FKBP5 X trauma interaction for cortisol, thus linking FKBP5-
dependent psychometric expression of psychotic symptoms to
an underlying biological mechanism. Taken together, this allowed
us to pursue a hypothesis-driven G x E interaction approach using
functional polymorphisms, thus limiting the number of statistical
tests. It has been argued that this may be the most meaningful
approach towards GxE interactions,”> although other
approaches, in particular those incorporating information from
genome-wide studies, may also be valuable for future research.'”
Second, power analyses based on previous FKBP5 x trauma
literature in other stress-related phenotypes,®® as well as on a
recent study reporting interaction between a functional
polymorphism in brain-derived neurotrophic factor (BDNF)
and childhood trauma in models of adult psychotic experiences
in the general population,”' indicated fair (analysis 4) to excellent
(analysis 1, 2, 5) power, whereas power was modest for analysis 3.
However, further validation and replication of the present findings
is clearly still needed, especially since the findings in the follow-up
samples were not unambiguous. One reason for this could be that
our power estimations were based on studies without a replication
sample. As it is known that effect sizes are usually larger in
discovery samples than in subsequent replication efforts, we may
have overestimated the ‘true’ effect size. The observation that
the greatest number of significant interactions was found in the
best-powered analyses may be in agreement with this view, and
in support of our interpretation that the present findings are
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unlikely to be spurious. It should be noted that we were only able
to test the effect of the traumax FKBP5 interaction on
development of psychotic symptoms along the psychosis
continuum, but were unable to examine a differential effect on
psychotic diagnostic outcome because of the low power for the
case-only design. Future studies should incorporate clinical
outcomes.

Some other limitations should be mentioned. The detection
samples, for instance, consisted of women only. This may be
important in the light of the high prevalence of affective
symptoms in young adult females and the co-occurrence of
affective and psychotic symptoms. However, as all analyses were
controlled for depressive symptoms, it is unlikely that this would
explain the results. In the twin sample, two (out of four) SNPs
were also in moderate Hardy—Weinberg disequilibrium, one of
which produced a significant result. As SNPs in Hardy—Weinberg
disequilibrium are less powerful, and do not tend to increase
false-positive results,’ the reported results are unlikely to be
caused by Hardy—Weinberg disequilibrium, especially given the
absence of quality control issues (in our samples the genotypes
were successfully identified at rates (call rates) of between 95 and
98%). Also, this study focused solely on the circulating hormone
cortisol and did not include dexamethasone—corticotropin-releasing
hormone or dexamethasone suppression tests'' and can thus
provide no ultimate insight into underlying mechanisms at higher
levels of the HPA axis. However, we included repeated measures of
salivary cortisol over 5 days (on average about 38 cortisol
measures per individual), thereby taking into account the well-
known but often ignored unreliability of cortisol measures
obtained at infrequent intervals.**
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Art Brut, translated from the French as ‘raw art’, is used to describe art occurring outside of the conventional art scene, typically
without the process of formal training that renders art ‘cooked’. The term was coined by the French artist Jean Dubuffet in the
1940s. A significant contribution to this genre, although not exclusively, is from those people with exceptional artistic abilities
who also suffer from serious mental illness. Free from the constraints of formal art culture, Art Brut allows for unbridled creative
expression, in turn giving the viewer a direct insight into the artist’'s perceptions, fantasies, hopes and fears.

https://doi.org/10.1192/bjp.bp.112.115972 Published online by Cambridge University Press

The British Journal of Psychiatry (2013)
202, 268. doi: 10.1192/bjp.bp.112.122317



https://doi.org/10.1192/bjp.bp.112.115972

