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Abstract 

 

Epidemiologic and genetic studies suggest common environmental and genetic risk factors for a 

number of psychiatric disorders, including depression, bipolar disorder and schizophrenia. Genetic and 

environmental factors, especially adverse life events, not only have main effects on disease 

development but may also interact to shape risk and resilience. Such gene × adversity interactions 

have been described for FK binding protein 5 (FKBP5), an endogenous regulator of the stress-

neuroendocrine system, conferring risk for a number of psychiatric disorders. In this review, we 

present a molecular and cellular model of the consequences of FKBP5 × early adversity interactions. 

We illustrate how altered genetic and epigenetic regulation of FKBP5 may contribute to disease risk 

by covering evidence from clinical and preclinical studies of FKBP5 dysregulation, known cell- and 

tissue-type expression patterns of FKBP5 in humans and animals, and FKBP5’s role as a stress-

responsive molecular hub modulating many cellular pathways. FKBP5 presents the possibility to 

better understand the molecular and cellular factors contributing to a disease-relevant gene × 

environment interaction, with implications for the development of biomarkers and interventions for 

psychiatric disorders. 

 

  



 3 

1. Early life adversity and genetic predispositions lead to psychopathology: FKBP5 as a model 

Epidemiological studies indicate that both genetic and environmental factors, particularly exposure to 

adverse life events, underlie the risk for psychiatric disease. This likely occurs by combined effects of 

adversity with genetic predispositions that together alter gene regulation in a way that has critical 

effects on cell function, and eventually organ systems, including the brain and behaviour. A central 

question that may help us better understand the pathogenesis of psychiatric conditions is: how do 

genes and environment interact at the molecular level to ultimately shape risk and resilience? 

 

The stress hormone system offers a unique opportunity to dissect these mechanisms. When exposed to 

threat, the system is activated leading to the release of glucocorticoids (GCs) from the adrenal gland. 

GCs are released in the systemic blood flow and reach every organ of the body, including the brain. 

They exert their effects through two types of receptors, the mineralocorticoid (MR) and the 

glucocorticoid receptor (GR). Both are cytoplasmic receptors that translocate to the nucleus when 

activated. They serve as transcription factors and bind to specific DNA sequences, called 

glucocorticoid responsive elements (GREs) that are enhancers or repressors of gene transcription (1). 

Through this mechanism, GCs can trigger a transcriptional response to stress that involves the up- or 

down- regulation of a larger number of genes. It is possible that individual differences in the molecular 

response to GC activation are associated with differences in the stress response, not only at the cellular 

level, but also at brain circuitry and systemic levels.  

 

In this review, we focus on FKBP5 (encoding the FK506 binding protein 51 or FKBP51). FKBP51 is 

a heat-shock protein-90 associated co-chaperone that is strongly stress-responsive, integral to the 

glucocorticoid receptor (GR) complex (2), and for which gene × early adversities interactions on a 

number of psychiatric disorders have been reported (Table 1). The protein consists of an FK506-

binding (FK1) domain at the N-terminal, attached to a catalytically-inactive FKBP-like domain (FK2), 

a tetratricopeptide repeat (TPR) domain, and the C-terminus may contain a calmodulin binding site 

(3). FKBP5-bound GR complexes have low cortisol affinity with reduced nuclear translocation (4,5). 

On the other hand, FKBP5 is strongly upregulated by stress or GCs via glucocorticoid response 
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elements (GREs). A summary of studies demonstrating this upregulation across many tissues can be 

found in Supplementary Table 1. FKBP5 upregulation creates an ultra-short negative feedback loop 

whereby GR activation induces FKBP5 and limiting GR activity by FKBP51 binding to the GR-

complex (6,7). FKBP5/FKBP51 appears to be a molecular amplifier of the stress response, influencing 

many pathways implicated in neuronal function, synaptic plasticity, autophagy and DNA methylation 

(8). While psychiatric disorders are not single gene diseases, FKBP5 may serve as an example for a 

molecular target at the stress-feedback neural interface that could help us understand risk and 

resilience mechanisms to psychopathology, especially in the context of adverse life events, that may 

extend to other targets. 

 

2. Genetic associations of FKBP5 with psychopathology 

Alterations in stress-induced FKBP5 upregulation, either via genetic or epigenetic factors, could have 

important influences on stress-related behaviour. Animal studies have shown that increased expression 

of FKBP5, especially in the amygdala and the hippocampus, is associated with decreases in stress-

coping behaviour, increased anxiety and impaired extinction learning (9). Induction of FKBP5 mRNA 

by glucocorticoids is moderated by common genetic variants that are part of a haplotype that includes 

rs3800373, rs9296158, rs1360780, rs9470080 and spans the whole FKBP5 locus (10,11). Fine-

mapping approaches, functional annotation and reporter gene assays indicate rs1360780 as the 

functional variant tagged by this haplotype. This single-nucleotide polymorphism (SNP) disrupts an 

intronic TATA-box binding protein site close to a GRE in intron 2, associated with 3D structural 

changes in the locus. In individuals with the high induction allele A/T, the intronic GRE next to the 

SNP comes in contact with the transcription start site (TSS), while this is not the case in individuals 

carrying the low induction allele (12). According to the 1000 genomes project, ~65% of people carry 

the allele associated with a moderate increase in FKBP5 following GR activation and 35% carry the 

allele that leads to a more exaggerated mRNA response across multiple ethnicities. The high 

occurrence of this potential risk haplotype across populations is likely because (i) the majority of 

disorders associated with this allele do not reduce fertility (with even increased fertility reported for 
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women with MDD) reducing selection pressure on that allele; (ii) increased anxiety following stressful 

life events may have been a survival-promoting behaviour in previous societies (13); (iii) FKBP5 

alleles may follow the differential susceptibility theory, with exacerbated risk for psychopathology in 

minor allele carriers in negative environment conditions but decreased risk for psychopathology in 

positive environmental conditions. For example, in a study of post-institutionalized children, girls with 

the high-induction allele exhibited more depressive symptoms at higher levels of victimization, but 

fewer depressive symptoms at lower levels of victimization (14).  

 

Likely through the negative effects of enhanced FKBP5 on GR sensitivity, rs1360780 is associated 

with altered stress responsivity in healthy and psychiatric populations, non-suppression of the HPA 

axis, and prolonged cortisol response after psychosocial stress in infants, adolescents and adults (15-

22). FKBP5 genotypes are also associated with alterations in brain function and structure that affect 

behaviour, particularly in brain regions associated with emotional processing, learning, memory and 

inhibition (i.e., amygdala and hippocampus (9,23)). Evidence indicates FKBP5 genotypes may already 

impact brain development in utero, as maternal depression reportedly interacts with the off-spring’s 

FKBP5 genotype to influence hippocampal volume at birth (24).  

 

Even though FKBP5 is associated with multiple psychiatric phenotypes, only few studies have 

reported main effects of FKBP5 variants with risk for psychiatric disorders, and FKBP5 is not 

significantly associated with diagnosis in recent GWAS for MDD, bipolar disorder (BPD) or 

schizophrenia (Ricopili: https://data.broadinstitute.org/mpg/ricopili/). However, stronger evidence 

exists for FKBP5 × early life stress interactions, with FKBP5 minor haplotype carriers being at 

increased risk for psychiatric disorders when exposed to significant levels of early life adversity. In 

total, 31 independent studies composed of 39 cohorts with over 31,000 ethnically and clinically 

diverse individuals have been conducted investigating interactions of FKBP5 with adversity (Table 1). 

Within these studies, support for high risk of psychopathology in FKBP5 minor allele carriers with a 

history of early adversity has been found in 32 cohorts (n=27,971), whereas major allele carriers with 

a history of early trauma were at higher risk for psychopathology in three cohorts (n=1,732) and no 
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significant interactive effect was found in the remaining four cohorts (n=1,710). While the interaction 

of the minor allele with early adversity is supported by a recent meta-analysis for MDD and post-

traumatic stress disorder (PTSD), only ~14,000 cases were included in this analysis and the 

associations did not reach genome-wide significance (25), indicating the need for additional, large 

scale meta-analyses as performed for the serotonin transporter polymorphism (26). Despite the high 

levels of replication across multiple cohorts, ethnicities and research groups, and the fact that the 

absence of FKBP5 main effects with evidence of gene × early stress interactions is highly consistent 

with the molecular functionality of the FKBP5 variants, i.e. moderating GR stimulated but not 

baseline transcription lends support that this interaction may be a true association, the large risk for 

false positive results from candidate gene studies needs to be taken into account when interpreting 

these results (27-29). 

 

In Table 1, we present results of interactions of FKBP5 with early adversity for a number of 

psychiatric disorders, including mood and anxiety disorders, psychosis, substance abuse disorders and 

PTSD. The finding that the FKBP5 genotype moderates risk across several psychiatric disorders is 

likely due to many different aspects. Firstly, early life adversity has been shown to trans-diagnostically 

increase risk for multiple psychiatric disorders (30). On a circuit level, FKBP5 genotype as well as 

GxE impact structure and function of brain regions that are implicated in anxiety, affective and 

psychotic disorders including the amygdala and the hippocampus (31-33), possibly already during 

early development (24). These GxE interactions may thus introduce common, early developmental 

risk factors on the circuit level for many psychiatric disorders. In addition, increased FKBP5 likely 

influences key features of neuronal function as it interacts with many downstream pathways relevant 

for neuronal and synaptic functions (8) (discussed below). This may lead to a common increase in 

vulnerability of the brain to psychiatric disorders. The question of which psychopathology eventually 

manifests may depend on additional genetic, environmental and developmental factors. This is in line 

with the findings of the psychiatric genomics consortium that several genetic variants are associated 

non-specifically with multiple psychopathologies including MDD, BPD, schizophrenia, attention-

deficit/hyperactivity disorder and autism spectrum disorders (34,35) as well as the reports of high 
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genetic co-heritability between MDD, BPD and schizophrenia (36). 

3. Genetics is not enough: the double hit theory of FKBP5 “dual” disinhibition 

While a number of studies have shown interactions of FKBP5 with childhood adversity, the few 

studies that examined the joint effect of FKBP5 and stressful life events in adulthood found no 

significant association with outcomes (37-40). The absence of interaction of adult trauma with 

functional FKBP5 genotypes on psychiatric risk suggests an additional molecular mechanism for 

FKBP5 × childhood trauma interactions. FKBP5 is a gene with a number of upstream and intronic 

GREs (41) that likely exert their enhancer function by looping back to the TSS (12,42). The function 

of these GREs is moderated by both genetic variation and environmental factors, the latter being 

mediated via epigenetic mechanisms. As described above, the function of the GRE in intron 2 is 

moderated by rs1360780, about 400 bp away from the GR consensus binding sites. In addition, 

exposure to early adversity or to glucocorticoids has been shown to have epigenetic effects in selected 

GREs in both humans and rodents (43). In a human hippocampal cell line, exposure to glucocorticoids 

during proliferation and differentiation was shown to lead to significant reduction in DNA methylation 

in intronic GREs, especially intron 7 (12). The same CpGs also showed decreased DNA methylation 

in saliva in children exposed to early trauma (44-46), suggesting that glucocorticoids may mediate 

similar epigenetic changes across tissues. In fact, studies in mice show that glucocorticoid-induced 

DNA methylation changes are strongly correlated between brain and peripheral blood cells, suggesting 

that the peripheral tissue could serve as index of brain changes (47,48). Reduced DNA methylation 

within the FKBP5 intron 7 GRE has been shown to potentiate FKBP5 mRNA induction in response to 

GR activation (11,12). These changes in methylation of FKBP5 are likely due to GR-mediated DNA 

de-methylation as GR activation was shown to induce local DNA methylation changes by recruiting 

base excision repair mechanisms that lead to the replacement of methylated by un-methylated CpGs at 

sites surrounding the GRE (49,50). Interestingly, exposure to adult trauma, circulating cortisol levels 

or exposure to glucocorticoids after neuronal differentiation were not associated with changes in 

FKBP5 intron 7 DNA methylation (12), suggesting that there are developmental periods in which cells 

are particularly sensitive to epigenetic effects within FKBP5.  
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In addition to the main effects of early adversity and glucocorticoids on FKBP5 GRE DNA 

methylation, enhanced stress-related epigenetic effects have been observed in carriers of the high-

induction haplotype. In fact, a number of studies have reported more DNA de-methylation in the 

intron 7 GRE with exposure to childhood abuse in risk-haplotype carriers (11,44,51-55). Intake of oral 

contraceptives has been described as a possible moderator of this association in women (55). We 

hypothesize that genetically increased FKBP5 expression following GR activation will delay the 

negative feedback phase of the HPA-axis by increasing GR resistance, resulting in prolonged cortisol 

response to stress and trauma. This could prompt increased GR-induced DNA demethylation at GREs 

in FKBP5 and additional epigenetic transcriptional disinhibition resulting in even higher FKBP5 

levels over time (12). Specifically, the disruption in regulatory homeostasis of FKBP5 following 

stress, caused by the additive effects of genetic and epigenetic disinhibition, might cause long lasting 

changes in the neural circuits involved in emotion regulation eventually leading to psychopathology. 

This could be driven by changes in GR tone, but also downstream effects of FKBP5 on additional 

pathways that are relevant for neuronal function and synaptic plasticity. These studies highlight that, at 

least for FKBP5, GxE interactions are observed on the epigenetic level with consequences on gene 

function that could mediate disease risk. 

 

Besides regulation by glucocorticoids and stress, FKBP5 expression also increases with age 

(Supplementary Figure 1A; http://braincloud.jhmi.edu/plots), with strong increases in brain expression 

observed after adolescence (56). The developmental pattern of FKBP5 mRNA expression is likely 

related to reduced FKBP5 methylation in the intron 7 GRE (and possibly other sites) with age, which 

has been shown to occur in postmortem human brain (57). Further evidence of methylation changes 

with age come from mice, with CpG sites located within intron 5 of Fkbp5 found to be de-methylated 

in brain with increased age (58) with corresponding increases in mRNA and protein expression. In 

addition to DNA methylation, two microRNAs have also been shown to regulate FKBP5 expression 

(miR15a and miR511). These two microRNAs are responsive chronic stress but also change with age 

concordant with the observed changes in FKBP5 expression (59,60). This suggests that transcriptional 

regulation of FKBP5 over age is mediated by similar epigenetic mechanisms as early adversity-
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induced changes, and that these effects could converge to alter the developmental trajectory of FKBP5 

expression, with potentially exacerbated effects in risk genotype carriers. A prolonged increased 

FKBP5 expression could impact cellular and circuit level function with consequences on behaviour 

and disease risk. In fact a number of studies have shown that long-term effects of early trauma on 

brain structure and function are moderated by FKBP5 genotype (32,33,54,61-64). These interactions 

on brain measures were shown to be potentially mediated by peripheral tissue DNA methylation 

(54,63). In line with the previously described cross-tissue correlation of FKBP5 methylation with age, 

this could indicate DNA de-methylation (and in consequence increased/disinhibited transcription) 

occurs also in brain cells of FKBP5 risk allele carriers exposed to early trauma. 

 

4. Evidence and consequences of increased FKBP5 expression and contribution to psychiatric 

risk 

Preclinical studies consistently point to the fact that increased expression of FKBP5 in specific brain 

regions is associated with decreased stress coping, increased stress responsiveness, increased anxiety 

and impaired fear extinction and risk promoting sleep architecture (22,65-73) – all traits thought to 

model increased vulnerability for psychiatric disorders e.g. genetic knockout of Fkbp5 in mice 

increases stress-coping behaviour in the forced swim test (22) and improves resilience to the chronic 

social defeat stress paradigm (66). Knockdown of Fkbp5 in the amygdala prevents stress-induced 

behavioural changes (69). Similarly, pharmacological inhibition of Fkbp5 either administered 

systemically or directly to the amygdala improves stress-coping behaviours in mice and is associated 

with reduced anxiety (70,74). Conversely, overexpression of Fkbp5 in the amygdala has been 

associated with increased anxiety behaviour (70). 

 

Consistent with heightened risk for psychopathology with increased FKBP5 expression, the majority 

of postmortem studies report elevated FKBP5 mRNA expression in cortical regions across psychiatric 

disorders, including MDD (75), BPD (76-78), PTSD (79), schizophrenia (76), and autism spectrum 

disorder (80)(Table 2). FKBP5 expression was also found to be increased in the hippocampus in 

schizophrenia, BPD and MDD (78,81). Conversely, FKBP5 expression was reduced in the amygdala 
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of suicide victims (82). The majority of these post-mortem human studies suggest that heightened 

FKBP5 expression might contribute to psychiatric phenotypes.  

 

5. Reducing FKBP5 function as a therapeutic intervention? 

Given that genetic, epigenetic and postmortem data point to the fact that increased FKBP5 expression 

is associated with risk for psychiatric disorders and that manipulating Fkbp5 in rodents leads to the 

expected behavioural changes, interfering with up-regulated FKBP5 may present an interesting 

therapeutic option, at least for a subset of patients. Initial results of small molecule FKBP51 

antagonists in rodent studies appear promising in reducing anxiety and increasing stress coping (67, 

70), as well as increasing GR sensitivity and enhancing negative feedback of HPA-axis regulation 

(67). However, in order to proceed with FKBP51 antagonism as a potential drug target in humans, a 

number of issues need to be taken into account, including tissue-specific expression pattern and the 

fact that FKBP51 acts as a molecular hub at the centre of many important cellular pathways (30).  

 

5.1. Tissue-specific expression patterns  

 

Characterisation of tissue-specific expression of FKBP5/FKBP51 in humans is important for 

developing pharmacological intervention. At baseline, FKBP5 is widely expressed throughout the 

periphery, most highly in skeletal muscle, oesophageal tissue, adipose tissue and whole blood 

(www.gtex.com; Supplementary Figure 1B). High FKBP5 expression in adipose tissue and skeletal 

muscle links stress with metabolic dysregulation such as insulin resistance and weight gain (83-85). 

FKBP51 antagonist treatment was shown to improve glucose tolerance and to increase insulin 

signalling in skeletal muscle supporting a role for FKBP51 as mediator between stress and type 2 

diabetes (85). FKBP5 expression was also reported in dorsal horn neurons of the spinal cord and this 

expression was upregulated by pain stimuli (86). FKBP51 downregulation and antagonist application 

were able to reduce pain perception, suggesting a role for FKBP51 antagonists in pain management. 

These studies indicate effects of FKBP51 blockade will occur beyond the central nervous system. 

While first results did not show strong effects of FKBP51 antagonists in human immune cell 
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activation (67), additional experiments in this tissue and others with high expression are needed to 

fully understand the potential systemic effects of FKBP51 blockade. Compared to other tissues and 

organs, FKBP5 expression in the human brain is relatively lower at baseline, and expressed at a 

similar level across independent brain regions. Slightly higher expression is observed in the substantia 

nigra and lower expression in cerebellar tissues. This is in contrast to results from mouse brain, with 

much higher expression in the hippocampus (7). It is currently unknown whether expression in the 

human brain is also reactive to stress or glucocorticoids (7). Data from human iPSC-derived forebrain-

lineage neurons showed small increases of FKBP5 mRNA with dexamethasone treatment (87). In 

mice, total FKBP5 mRNA expression is highest in microglia, followed by neurons and 

oligodendrocytes (http://mouse.brain-map.org/)(88). The cellular distribution is less clear in humans 

despite recent efforts from The Human Protein Atlas (http://www.proteinatlas.org/FKBP5)(89) with 

two studies suggesting expression in perikaryal cytoplasm and apical dendrites in layers II–V of the 

cortex (90,91). There are also four annotated FKBP5 splice variants expressed in the brain, one of 

them generating a truncated protein lacking the TPR domain that conveys the interaction with Hsp90 

(92). The function of the different isoforms is yet unclear (see Supplementary section 1; 

Supplementary Figure 3).  

 

5.2. FKBP5 is a molecular hub: consequences of over-expression and hyperactivity 

FKBP5 interactions with GR, MR, and progesterone receptor (PR) are established (Supplementary 

Table 1). However, FKBP5 also has a role in many other cellular processes via direct protein-protein 

interactions including autophagy, cell proliferation, migration, glucose regulation, apoptosis and DNA 

methylation (8,30). Stress-induced increases in FKBP5/FKBP51 could thus serve as initiator of stress-

effects on a number of downstream pathways. Interaction with different classes of partners occurs at 

different functional domains of FKBP51, potentially allowing the design of small molecules 

interfering with only some, but not all interactions. For example, binding to HSP90 and thus a large 

number of interactions via this chaperone (including the GR) is mediated at the TPR domain. Binding 

of Akt1 on the other hand seems to occur via the FK1 domain which is not disrupted by FKBP51 

ligands (93). Below, we will discuss a few of these relationships. 
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Evidence suggests that FKBP51 is an inhibitor of calcineurin (94-96). Calcineurin is a calcium-

dependent enzyme that is a downstream nuclear responder to T cell activation in the periphery (97). In 

the brain, calcineurin plays a critical role in modulating synaptic connections by regulating a host of 

proteins essential for synaptic transmission and neuronal excitability, including the modulation of both 

LTP and LTD at both inhibitory and excitatory synapses (97). Calcineurin has also been shown to 

mediate some forms of fear extinction (98-100), a role that has also been described for FKBP5 (73). 

 

FKBP5 negatively regulates the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-

κB), which is critical for control of DNA transcription, cytokine activation and cell survival (101,102). 

The FKBP5/NFκB pathway is strongly linked to melanoma pathogenesis, and FKBP5 is under 

investigation as a drug target for that purpose (103). In the brain, NFκB also has critical functions. 

NF-κB is constitutively expressed and active in neurons in vivo, with NF-κB DNA-binding also 

highly enriched in fractions of neuronal nuclei from rat cerebral cortex and hippocampus (104). 

Knockout or inhibition of NF-κB in mice is shown to cause susceptibility to neurotoxicity and 

impaired learning and memory, and specifically in glia, NF-κB regulates inflammatory processes 

(105). Altered expression of NF-κB subunits has been shown in post-mortem brains of patients with 

BPD, (106) and altered activity in peripheral blood in children with autism (107) and adults with first 

episode schizophrenia (108).  

 

Important interaction partners of FKBP5 also include three major kinases: Akt (109), GSK3ß (110), 

and ERK (111). Akt, also known as protein kinase B, is critical for glucose metabolism, apoptosis, cell 

proliferation and migration as well as appropriate transcriptional responses. FKBP5 dephosphorylates 

Akt Ser473 through the recruitment of PH domain and leucine rich repeat protein phosphatase 

(PHLPP), which in turn negatively regulates Akt activation (109). Akt consequently modulates 

multiple targets, such as BECN1, LC3B-II/-I, and ATG12, to enhance autophagic flux (112). GSK3ß 

is critical for energy homeostasis (113) and neurodevelopmental processes such as neurogenesis and 

neuroprotection (114). FKBP5 inhibits GSK3ß activity via its FK domain, increasing phosphorylation 
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at serin 9 of the enzyme in concert with Akt, protein kinases A/C and protein phosphatases 2A and 1 

(115). Through this interaction, FKBP5 also has downstream effects on Tau, β-catenin and T-cell 

factor/lymphoid enhancing factor, pathways that contribute to the action of psychotropic medications 

(116). FKBP5 interactions with ERKs are also reported. ERK1/2 are mitogen-activated protein kinases 

important for neuronal proliferation, differentiation and apoptosis (117). FKBP5 inhibits ERK 

phosphorylation, and contributes to treatment response to psychotropic medications (111). 

 

FKBP5 directly interacts with CDK5, a kinase known to phosphorylate and activate DNA 

methyltransferase 1 (DNMT1)(118). Expression of FKBP5 decreased the interaction of CDK5 with 

DNMT1, reducing global DNA methylation by reducing phosphorylation and enzymatic activity of 

DNMT1 (119). Additionally, in mouse embryonic fibroblasts, these interactions led to increased 

expression of brain-derived neurotrophic factor (BDNF), with FKBP5 expression inversely correlated 

with global and BDNF methylation in peripheral blood cells. Following paroxetine treatment in 

depressed patients, FKBP5 was positively correlated with BDNF and inversely correlated with 

phosphorylated DNMT1. This is important considering the role of DNMT1 in global epigenetic 

regulation of gene transcription, and implication of BDNF in the development and treatment of 

psychiatric diseases across several studies (120). Furthermore, FKBP5 might also play a role in 

mitochondrial function. FKBP51 was shown to form complexes with the GR in mitochondria and to 

protect cells against oxidative stress (121-123), an important factor in the pathogenesis of psychiatric 

disorders (124). 

 

In addition to these examples, the list of known proteins that modulate and are modulated by FKBP5 

is vast, but likely incomplete. Molecular effects via these pathways could contribute to the 

morphological changes in neurons that have been observed with changing FKBP5/FKBP51 function. 

For example, in the orbitofrontal cortex of PTSD subjects, elevated FKBP5 expression was associated 

with almost 30% higher density of stubby spines and a 25% reduction in mushroom spines (79). In 

vitro pharmacological blockade of FKBP51 by its selective inhibitor (SAfit) increases neurite 

outgrowth in primary hippocampal neurons (67). Aberrant synaptic architecture might thus contribute 



 14 

to FKBP5-mediated behavioural phenotypes. These studies highlight the consequences of FKBP5 

alterations in the brain and body beyond the glucocorticoid/GR response, and how FKBP5 

disinhibition could contribute to an increased risk for psychiatric disorders by amplifying downstream 

effects of cellular dysfunction, and the importance of designing FKBP51 antagonists specific for 

selected interactions. 

 

6. Conclusions 

Our understanding of how FKBP5 as a target of gene × environment interactions confers risk to 

psychopathology has increased in a short time (Figure 1). FKBP5 disinhibition could represent have 

clinical utility for trans-diagnostic patient stratification. Biomarkers that combine FKBP5 genotype 

and peripheral tissue DNA methylation may be used to identify this subset of patients who may 

benefit from common preventive and therapeutic (at least adjunct) strategies, including FKBP51 

antagonists. Timing of treatment, the type of effective preventive strategies and appropriate 

intervention windows will need to be explored, as well as the potential of side effects, given the 

expression of FKBP5 across many tissues and its pleotropic interaction partners.  
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Figure Legend 
 
Figure 1. A model of how FKBP5 interacts with childhood adversity to increase risk to psychiatric 

disorders over lifetime. Panel 1: Adverse life experiences, possibly as early as in utero, are associated 

with reduced DNA methylation at regulatory GREs, which leads to an increased transcriptional 

responsiveness of FKBP5 to future stressors. This reduction in DNA methylation is likely an active, 

GR-induced effect. Panel 2: These epigenetic effects are exacerbated in carriers of an intronic FKBP5 

variant (rs1360780) that is associated with an enhanced GR-induced mRNA induction. By altering 

FKBP5 responsivity, the A/T allele also changes GR sensitivity and negative feedback of the HPA-

axis, leading to prolonged cortisol release with every stress response. This in turn increases DNA de-

methylation in GREs, further disinhibiting FKBP5 transcription. Panel 3: Over time, these 

maladaptive feedback mechanisms would lead to increased FKBP5/FKBP51 levels (possibly in a 

number of tissues) with molecular, cellular and endocrine consequences. These would precipitate early 

adversity associated changes in brain structure and function with behavioural impact and increase the 

risk for development of a range of psychiatric disorders. Panel 4: dual genetic and epigenetic 

disinhibition of FKBP5 may be used as a biomarker to delineate a trans-diagnostic patient subset that 

may benefit from common prevention and intervention strategies, potentially including FKBP51 

antagonists. 
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Table 1. GxE studies investigating the interactions between FKBP5 and early life adversity. Literature search was conducted on PubMed and Google Scholar to identify FKBP5 × early adversity predicting psychopathology from the earliest available date up to January 2018. The 
following words and MeSH terms, including combinations, were used: FKBP5, "child neglect", "child abuse", “child maltreatment”, “stressful life event”, trauma, poverty, "socioeconomic status", “childhood maltreatment”, “early life stress”, "parental loss", environment, 
neighbourhood, adversity, “gene-environment interaction” 

Author, year Cohort name Sample size Developmen
tal period 

Ethnicity 
(%) 

Stress measure, 
informant 

Outcome, 
informant SNP Minor 

allele p = value Effect size Primary finding 
Support for hypothesis 
FKBP5 × Childhood Trauma 
=> Psychopathology 

Depression and anxiety   

(125) 

Study of Health 
in Pomerania 

(SHIP) & Life-
Events and 

Gene-
Environment 
Interaction in 
Depression 
(LEGEND) 

2144 Adulthood Caucasian 
(100.0) 

Childhood Trauma 
Questionnaire (CTQ), 

self-report 

Munich-Composite 
International 

Diagnostic Interview 
(M-CIDI), clinician 

report  
 

Beck Depression 
Inventory (BDI), 

self-report 
 
 

rs1360780 T 
p = .006 

 
p < .05 

Authors state 
“Based on the 
effect sizes in 
this study, a 

positive 
predictive value 
of 70% for the 
TT genotype is 

found in subjects 
with childhood 
physical abuse 
and prevalence 
of 30-35% of 

MDD.” 

Homozygous risk allele carriers 
with a history of physical abuse 

more likely to have a MDD 
diagnosis and endorse higher 

depressive symptoms compared to 
other genotypes. 

 

+ 

(126) 
 

Early 
Developmental 

Stages of 
Psychopathology 

(EDSP) 

884 
 
 

Adolescence 
to adulthood 

Caucasian 
(100.0) 

Items derived from family 
section & PTSD section 
of the M-CIDI; clinician 

M-CIDI; clinician 
report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 
rs4713916 

C 
A 
T 
T 
A 

p < .05 
p < .05 
p < .05 
p < .05 
p < .05 

- 

Homozygous minor allele carriers 
exposed to childhood trauma had 
higher rates of MDD than other 

genotypes. 
+ 

Dunedin 
Multidisciplinary 

Health and 
Development 

Study 

1037 Childhood to 
adulthood  

Caucasian 
(>90) 

Childhood maltreatment 
from 5 sources: parent-

report of discipline, 
caregiver changes, 

observations of mother-
child interaction and self-

reported physical and 
sexual abuse 

Diagnostic Interview 
Schedule, clinician 

report 
rs1360780 T - - FKBP5 did not interact with trauma 

to predict MDD status. - 

Environmental 
Risk (E-Risk) 1116 Adulthood Caucasian 

(>90) CTQ, self-report 
Diagnostic Interview 
Schedule, clinician 

report 
rs1360780 T p < .05 - 

Homozygous minor allele carriers 
with exposure to severe childhood 
trauma had a higher prevalence of 

MDD than other genotypes. 
+ 

(127)* - 236 Adulthood 

African 
American 

(53.8) 
Caucasian 

(33.9) 
Hispanic (8.3) 

Other (3.8) 

CTQ, self-report BDI, self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

p = .005 - 

The CATT risk haplotype 
moderated the indirect effects 

between maltreatment and 
symptoms of depression via limbic 

irritability, with higher levels of 
depression in haplotype carriers 

exposed to maltreatment than non-
carriers. 

+ 

(128) 
 - 682 Adulthood 

Brahman 
(16.1) 

Chhetri (63.2) 
Dalit/Nepali 

(17.4) 
Janajati (3.2) 

CTQ, self-report 

BDI, self-report 
 

PTSD Checklist 
(PCL), self-report 

rs9296158  
A 

p = .022 
 
- 

- 

Homozygous minor allele carriers 
with high levels of childhood 

trauma reported more depressive 
symptoms, but not PTSD 

symptoms, compared to other 
genotypes. 

+ 

(129) - 489 Childhood 

White, Asian, 
Hispanic, 

Black/African 
(percentages 
not reported) 

Overt peer victimization 
subscale of the MacArthur 

Health and Behavior 
Questionnaire, parent 

report 

Depressive 
symptoms subscale 
of the MacArthur 

Health and Behavior 
Questionnaire, parent 

rs1360780 C p < .05 - 

Female minor allele carriers 
exposed to peer victimization 

presented with higher depressive 
symptoms but lower levels at lower 

levels of victimization. Opposite 

+ 
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report pattern for males. 

(130) 

- 1705 Adolescence Caucasian 
(98.1) 

Shortened version of the 
Family-Conflict Scale, 

self-report 

 
Spence Children's 

Anxiety Scale, self-
report  

 
Adapted Depression 
self-rating scale, self-

report 
 

rs3800373 
rs9296158 
rs7748266 
rs1360780 
rs9394309 
rs0470080 
rs4713916 

- 
- 
- 
- 
- 
- 
- 

Whole 
sample: 
p=.055; 

Females 
only: 

p=.025 
 
- 

- 

FKBP5 haplogenotype*violence 
was a marginally significant 

predictor of anxiety symptoms. 
When stratified by sex, risk 

haplogenotype conferred higher 
ratings on anxiety among females 
with a history of adversity, but not 
males. Interaction between FKBP5 

haplogenotype and violence was 
not a significant predictor of 

depressive symptoms. 

+ 

Retrospective 
Study of Young 

Men's and 
Women's 

Experiences  
(RESUME) 

1800 Adulthood Majority 
Caucasian 

Eleven questions made for 
the study on exposure to 

violence, self-report 

Anxiety and 
Depression subscales 

of the Hospital 
Anxiety and 

Depression Scale, 
self-report 

rs3800373 
rs9296158 
rs7748266 
rs1360780 
rs9394309 
rs0470080, 
rs4713916 

- 
- 
- 
- 
- 
- 
- 

p =.025 
 
- 

- 

FKBP5 haplogenotype*violence 
significantly predicted higher 

ratings of anxiety. 
 

Interaction between FKBP5 
haplogenotype and violence was 

not a significant predictor of 
depression. 

+ 

(39) Helsinki Birth 
Cohort Study 1431 Late adulthood Not reported 

Separation from parents 
based on National registry 

& self-report  
 

Stressful life events in the 
last 12 months questions 
designed for the study, 

self-report 

BDI, self-report 

rs1360780 
rs9470080 
rs9394309 
haplotype 

T 
T 
G 

TTG 

p < .05 
p < .05 
p < .05 
p < .05 

- 

Homozygous minor allele carriers 
(all SNPs and haplotype) separated 
from their parents during childhood 

(but not stressful life events in 
adulthood) had higher levels of 

depressive symptoms 
 

+ 

(131) - 186 Childhood Not reported 

Life Event Module of the 
Preschool Age Psychiatric 

Assessment (PAPA) (2 
groups: mild-moderate 
events, severe events, 
clinical interview w 

parent 

Anxiety and 
Depression modules 

of the PAPA, 
clinician report 

rs3800373 
rs9296158 
rs9470080 
rs4713916 

G 
A 
T 
A 

p = .003 
p = .006 
p = .016 
p = .019 

- 

Minor allele carriers exposed to 
mild/moderate, but not severe, 

adverse life events at higher risk of 
depression/anxiety disorder than 
homozygous major allele carriers 

+ 

(132)* - 340 Childhood 

Through 
ancestry 

informative 
markers 

identified as 
European 

(79.2) 
and non-
European 

(20.8) 

Clinical interview on 
history of maltreatment, 

clinician report 

Physiological anxiety 
subscale of the 

Revised Children’s 
Manifest Anxiety 
Scale (RCMAS), 

self-report 

rs4713916 
rs9470080 
rs1360780 
rs9296158 
rs3800373 

- 
T 
- 
- 
- 

- 
p = .018 

- 
- 
- 

- 

Homozyous minor allele carriers 
with a history of maltreatment had 

higher levels of physiological 
anxiety than carriers of the major 

allele with a history of 
maltreatment. Interaction did not 

withstand multiple correction. 

- 

(133)* - 808 Adulthood 
European 

origin (93.0) 
Other (7.0) 

CTQ, self-report 

Anxiety and 
Depression subscales 

of the Symptom 
Checklist-90-

Revised, self-report 

rs3800373 
rs9296158 
rs1360780 
haplotype 
rs9470080 
rs4713916 
haplotype 

A 
G 
- 

AGC 
- 
G 

CG 

 
p = .010 
p = .020 

- 
p = .012 

- 
p < .01 
p < .01 

- 

AGC haplotype carriers reported 
lower anxiety symptoms than non-
carriers when exposed to physical 

abuse. 
 

CG haplotype carriers reported 
lower depressive and anxiety 

symptoms than non-carriers when 
exposed to physical abuse. 

- 

(134)* - 280 

Childhood at 
first time 

point; 
adulthood at 
second time 

point 

African 
American 
(100.0) 

Maltreatment information 
derived from the 

Department of Human 
Services records coded 

according to the 
Maltreatment 

Depressive 
symptoms measured 

with Child 
Depression 

Inventory, self-
report, and 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

p = .020 - 

Childhood maltreatment was 
associated with higher internalizing 
symptoms (depressive symptoms, 

physiological anxiety and worry) in 
individuals with at least one copy 

of the FKBP5 CATT haplotype but 

+ 
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Classification System 
(MCS), clinician report 

Physiological 
Anxiety and Worry 

subscales of the 
RCMAS, self-report 

not among those with zero copies 
of the haplotype. 

Posttraumatic stress disorder 

(135) - 46 Adolescence 

African 
American 

(52.2) 
Caucasian 

(47.8) 

Medical injury, physician 

Dissociation during 
injury using the 
Peritraumatic 
Dissociative 
Experiences 

Questionnaire, 
clinician report 

 
Dissociation since 
the injury with the 

PTSD reaction Index, 
clinician report 

rs3800373 
rs1360780 

C 
T 

p < .05 
p < .05 - 

Minor allele carriers reported 
higher dissociation during and after 

the accident in which the injury 
occurred compared to other 

genotypes 

+ 

(38) Grady Trauma 
Project (GTP) 762 Adulthood 

African 
American 

(95.2) 
Caucasian 

(2.2) Hispanic 
(.6) Asian (.1), 

Mixed (.9) 
Other (1.0) 

Child abuse items of the 
Traumatic Events 

Inventory, self-report 

Modified PTSD 
Symptom Scale 

(mPSS), self-report 
 

BDI, self-report  

rs3800373 
rs9922105 
rs9296158 
rs737054 

rs1360780 
rs1334894 
rs9470080 
rs4713916 

C 
- 
A 
- 
T 
- 
T 
- 

p < .002 
- 

p < .001 
- 

p < .002 
- 

p < .002 
- 

 

Homozygous minor allele carriers 
with a history of childhood abuse 

had higher PTSD symptoms 
compared to other genotypes. 

Interaction did not predict 
depressive symptoms. 

+ 

(136) - 2427 Adulthood 

African 
American 

(52.9) 
Caucasian 

(47.1) 

Environment module of 
the Semi-Structured 
Assessment for Drug 

Dependence and 
Alcoholism (SSADDA), 

clinician report 

PTSD module of the 
SSADDA, clinician 

report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

- 
- 
- 
T 

- 
- 
- 

p = .004 

- 

In African Americans, homozygous 
minor allele carriers exposed to 

childhood trauma were more likely 
to have PTSD diagnosis than other 
genotypes. Interactions with other 

FKBP5 SNPs did not survive 
multiple testing and no interactions 

were a significant predictor of 
PTSD diagnosis in Caucasians. 

+ 

(11) 

Grady Trauma 
Project (GTP) 

Note: some 
participant 

overlap with 
Binder et al. 

2008. 

1963 Adulthood 
African 

American 
(100.0) 

CTQ, self-report 

Clinician-
Administered PTSD 

Scale, clinician report  
 

mPSS, self-report 

rs1360780 T p < .05 - 

Minor allele carriers exposed to 
childhood abuse were more likely 

to meet diagnostic criteria for 
PTSD and report higher levels of 

PTSD symptoms compared to other 
genotypes. Note: some participant 

overlap with Binder et al. 2008. 

+ 

(137) 
 

National Health 
and Resilience in 
Veterans Study 

(NHRVS) 

1585 Late adulthood Caucasian 
(100.0) 

Childhood abuse items on 
the Trauma History 

Screen (THS), self-report 
PCL, self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

- 
- 
- 
T 

- 
- 
- 

p=.006 

- 

Homozygous minor allele carriers 
with a history of childhood abuse 

had the highest PTSD severity 
score of the genotypes. 

+ 

National Health 
and Resilience in 
Veterans Study 

(NHRVS),  
second baseline 

cohort 

557 Late adulthood Caucasian 
(100.0) 

Childhood abuse items on 
the THS, self-report PCL, self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

 
p = .004 
p = .003 
p = .003 
p = .002 

- 

Homozygous minor allele carriers 
exposed to childhood abuse had the 
highest PTSD severity score of the 

genotypes 
+ 

Suicide attempts 
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(138)* 
Substance Abuse 

Treatment 
Program (SATP) 

474 Adulthood 
African 

American 
(100.0) 

CTQ, self-report 

Suicide attempt 
assessed with 

standard series of 
clinical questions 

supplemented with 
collateral information 

from mental health 
program staff, 

medical records, the 
program internist and 
physician's assistant, 
and, where possible, 
from treating mental 
health professionals. 

rs3800373 
rs9296158 
rs1360780 
rs9470080 
rs4713902 
rs3777747 

A 
G 
C 
- 
- 
- 

p = .011 
p = .028 
p = .020 

- 
- 
- 

- 

Homozygous major allele carriers 
with higher levels of childhood 

trauma were more likely to attempt 
suicide compared to minor allele 

carriers. 
 

- 

Aggression, alcohol and substance disorders 

(138)* 
Substance Abuse 

Treatment 
Program (SATP) 

474 Adulthood 
African 

American 
(100.0) 

CTQ, self-report 

Substance 
dependence module 

of the SCID, 
clinician report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 
rs4713902 
rs3777747 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 

The interaction between FKBP5 
SNPs and childhood trauma did not 

significantly predict substance 
dependence. 

- 

(139) - 411 Adulthood Caucasian 
(100.0) CTQ, self-report 

Brown-Goodwin 
Lifetime History of 
Aggression, clinical 

interview 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
- 

 
p = .017 
p = .080 
p = .015 
p = .043 

- 

Homozygous minor allele carriers 
exposed to childhood abuse and/or 

neglect had higher levels of 
aggression than other genotypes. 

+ 

(140) - 326 

Childhood at 
first time 

point; 
adolescence at 

second time 
point 

African 
American 

(58.5) 
Caucasian 

(23.7) 
Hispanic 

(11.1) 
Other (6.8) 

Maltreatment information 
derived from the 

Department of Human 
Services records coded 
according to the MCS, 

clinician report 

Marijuana 
dependence 

symptoms based on 
the Diagnostic 

Interview Schedule 
for Children, 

clinician report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

p = .040 - 

Child maltreatment predicted 
higher levels of marijuana 

dependence symptoms among 
adolescents with 1 or 2 copies of 
the FKBP5 CATT haplotype, but 

not in non-carriers. 

+ 

 (132)* - 340 Childhood 

Through 
ancestry 

informative 
markers 

identified as 
European 

(79.2) 
and non-
European 

(20.8) 

Clinical interview on 
history of maltreatment, 

clinician report 

Externalizing 
Composite score of 
the Child Behavior 
Checklist, parent 

report 

rs4713916 
rs3800373 
rs9296158 
rs1360780 
rs9470080  

A 
- 
- 
- 
- 

p =.018 
- 
- 
- 
- 

- 

Minor allele carriers with a history 
of maltreatment had higher levels 

of externalizing behaviors 
compared to non-maltreated minor 

allele carriers. 

+ 

(40) - 1845 Adulthood 

Caucasian 
(69.3) 

African 
American 

(27.4) 
Hispanic/Latin

o (3.3) 

Traumatic Events 
Screening Inventory-

Adult Screening version, 
self-report 

 
Life Events Scale for 
Students, self-report 

Alcohol use 
questions designed 
for the study, self-

report 

rs1360780 T p < .001 - 

Minor allele carriers with a history 
of childhood trauma reported 

higher levels of heavy drinking 
compared to homozygous major 
allele carriers. Interaction with 

negative life events in adulthood 
and FKBP5 not a significant 

predictor of alcohol use. 

+ 

(141) 

Retrospective 
Study of Young 

People's 
Experiences 
(RESUME) 

838 Adulthood Not reported 

Parent-child relationship 
items designed for the 

study, self-report. Note: 
Parent-child relationship 
items reflect emotional 

neglect  

Alcohol Use 
Disorders 

Identification Test, 
self-report 

rs1360780 T p = .027 - 

Homozygous minor allele carriers 
with a poor child-parent 

relationship had more problematic 
drinking than other genotypes. 

+ 
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(134)* - 280 

Childhood at 
first time 

point: 
adulthood at 
second time 

point 

African 
American 
(100.0) 

Maltreatment information 
derived from the 

Department of Human 
Services records coded 
according to the MCS, 

clinician report 

Pittsburgh Youth 
Survey, self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

- - 

The FKBP5 CATT haplotype did 
not moderate the relationship 

between maltreatment and child 
conduct problems. 

- 

Psychosis and 
dissociation             

(127)* - 236 Adulthood 

African 
American 

(53.8) 
Caucasian 

(33.9) 
Hispanic (8.3) 

Other (3.8) 

CTQ, self-report 
Dissociative 

Experiences Scale, 
self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

p = .004 - 

The FKBP5 CATT haplotype 
moderated the indirect effects 

between maltreatment and 
symptoms of dissociation via 
limbic irritability, with higher 

levels of dissociation in haplotype 
carriers exposed to maltreatment 

than non-carriers. 

+ 

(142) 

East Flanders 
Prospective 
Twin Survey 

401 Adulthood Caucasian 
(100.0) CTQ, self-report 

Community 
Assessment of 

Psychic Experiences 
(CAPE), self-report 

rs9296158 
rs1360780 
rs1043805 
rs4713916 

A 
T 
A 
- 

 
p = .007 
p = .004 
p < .001 

- 

- 

Homozygous minor allele carriers 
exposed to childhood trauma had 

higher levels of psychotic 
symptoms than other genotypes. 

+ 

Healthy controls  175 Adulthood 

Caucasian 
(93.0) 

Mixed (6.0) 
Other (1.0) 

CTQ, self-report 
Family Interview for 

Genetic Studies, 
clinician report 

rs3800373 
rs9296158 
rs4713916 
rs992105  

- 
- 
- 
- 

- 
- 
- 
- 

- 

Interaction between the FKBP5 
SNPs and childhood trauma not a 
significant predictor of subclinical 

psychosis. 
- 

Unaffected 
siblings of 

outpatients and 
inpatient with 

psychotic 
disorder  

200 Adulthood 

Caucasian 
(81.0) 

Mixed (9.0), 
Other (2.0) 

CTQ, self-report 

Structured Interview 
for Schizotypy - 

Revised, clinician 
report 

rs3800373 
rs9296158 
rs4713916 
rs992105  

- 
- 
A 
C 

- 
- 

p = .020 
p = .040 

- 

Homozygous minor allele carriers 
exposed to childhood trauma had 
higher positive schizotypy than 
other genotypes. Note: reported 

ethnicity breakdown does not add 
up to 100%. 

+ 

Outpatients and 
inpatient with 

psychotic 
disorder 

195 Adulthood 

Caucasian 
(87.0) 

Mixed (9.0) 
Other (4.0) 

CTQ, self-report 
Brief Psychotic 
Rating Scale, 

clinician report 

rs3800373 
rs9296158 
rs4713916 
rs992105  

- 
A 
- 
- 

- 
p = .030 

- 
- 

- 

Homozygous minor allele carriers 
exposed to childhood trauma had 

higher levels of psychotic 
symptoms compared to other 

genotypes. 

+ 

(143) Genetics and 
Psychosis (GAP) 509 Adulthood Not reported Care and Abuse 

Questionnaire, self-report 

Clinical interview for 
inpatients, clinician 
report, & Psychosis 

Screening 
Questionnaire, self-
report, to rule-out 

psychotic symptoms 
in controls 

rs1360780 T p < .05 - 

Patients had a higher ratio of 
homozygous minor allele carriers 

after separation from parents before 
age 17 compared to patients with 
no history of parental separation. 
No differences in the frequency 
breakdown of FKBP5 genotypes 
among controls based on FKBP5 
genotype and separation status.  

 
+ 

(144) 

European 
Network of 

National 
Networks 

studying Gene-
Environment 

Interactions in 
Schizophrenia 

(EUGEI) 

158 Adulthood Not reported CTQ, self-report CAPE, self-report 

rs3800373 
rs9296158 
rs9470080 
rs737054 
haplotype 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 

Interaction between all the FKBP5 
SNPs (and the haplotype) and 

childhood trauma not a significant 
predictor of psychotic experiences. 

- 

(145) - 742 Adulthood Not reported CTQ, self-report CAPE, self-report rs1360780 T p = .001 - 

Homozygous minor allele carriers 
presented with higher scores of 
positive psychotic experiences 

when exposed to childhood abuse 
compared to homozygous major 

allele carriers. 

+ 
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- 305 Adulthood Not reported CTQ, self-report CAPE, self-report rs1360780 T p < .001 - 

Homozygous minor allele carriers 
presented with higher scores of 
positive psychotic experiences 

when exposed to childhood abuse 
compared to homozygous major 

allele carriers. 

+ 

(146) PSYRIS-
Barcelona 206 Adulthood European 

origin (92.0) 

Childhood Experience of 
Care and Abuse, clinician 

report 

Experience Sampling 
Method to assess 

psychotic-like 
experiences, 
paranoia, and 

negative affect. 

rs3800373 
rs9296158 
rs1360780 

C 
A 
T 

p < .05 - 

For participants with the risk 
FKBP5 CAT haplotype, but not 

non-risk haplotype carriers, 
exposure to bullying was 

significantly associated with higher 
positive psychotic-experiences, 
paranoia, and negative affect. 

+ 

(147) - 450 Adolescence 

African 
American 

(55.9) 
Caucasian 

(28.4) 
Hispanic 

(11.6) Other 
(4.1) 

Maltreatment information 
derived from the 

Department of Human 
Services records coded 
according to the MCS, 

clinician report  

Adolescent 
Dissociative 

Experiences Scale, 
self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

A 
G 
C 
C 

p < .05 Effect size (w2) 
.02  

Non-carriers of the CATT 
haplotype exposed to early 

exposure and/or chronic childhood 
trauma showed significantly more 
dissociative symptoms than those 

with one or more copies of the 
CATT haplotype. Note: It is 

unclear if this sample overlaps with 
the Handley et al. 2015 sample 

- 

(133)* - 808 Adulthood 
European 

origin (93.0) 
Other (7.0) 

CTQ, self-report 

Positive and negative 
schizotypy based on 

Wisconsin 
Schizotypy Scales, 

self-report 
 

Positive, negative 
and depressive 
dimensions of 
psychotic-like 

experiences derived 
from the CAPE, self-

report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 
rs4713916 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 

CAT or TA haplotype did not 
moderate the relationship between 
childhood trauma and schizotypy 

symptoms or psychotic-like 
experiences 

- 

(37) - 338  Adulthood Not reported CTQ, self-report  

Index of psychotic 
experiences created 

for the study 
measured randomly 
eight times daily for 

1 week via a personal 
digital assistant, 

self-report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 

p < .001 - 

Exposure to childhood trauma, but 
not stress in adulthood, was 

associated with higher levels of 
psychotic experiences for FKBP5 

CATT risk haplotype carriers. 

+ 

Psychiatric symptoms and other psychiatric difficulties 

(148) 

South East 
Sweden Birth 
Cohort study 

(SESBiC) 

909 Childhood/Ad
olescence Not reported 

Life Incidence of 
Traumatic Events, self-

report 

Total score of the 
Strengths and 

Difficulties 
Questionnaire, self-

report 

rs3800373 
rs1360780 
haplotype 

C 
- 
- 

p = .048 
- 
- 

Moderate effect 
size (d = .47). 

Homozygous minor allele carriers 
exposed to high levels of adverse 

events presented with higher levels 
of psychiatric symptoms than those 

exposed to low levels of adverse 
life events 

+ 

Upper Secondary 
School Study  

(USSS) 
398 Adolescence Not reported Juvenile Victimization 

Questionnaire, self-report 

Trauma Symptom 
Checklist for 

Children, self-report 

rs3800373 
rs1360780 
haplotype 

C 
T 

CT 

p = .004 
p = .032 
p = .021 

Moderate effect 
sizes for 

rs3800373 (d = 
.76) and 

rs1360780 (d = 
.56) 

Homozygous minor allele carriers 
(and CT haplotype carriers) 

exposed to high levels of adversity 
reported higher psychiatric 

symptoms than minor allele carriers 
exposed to low levels of adversity 

and major allele carriers 
independent of adversity exposure 

+ 
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(149) - 596 Adulthood Caucasian 
(100.0) CTQ, self-report 

Structured Clinical 
Interview for DSM-

IV Axis II 
Personality 

Disorders, clinician 
report 

rs3777747 
rs3798346 
rs3798347 
rs4713902 
rs9380526 
rs17614642 
rs10947563 
rs9470079 

- 
- 
T 
- 
- 
- 
A 
- 

- 
- 

p = .030 
- 
- 
- 

p = .020 
- 

- 

The minor alleles of rs3798347 and 
rs10947563 were more frequently 

represented in borderline 
personality disorder (BPD) patients 
with a history of childhood physical 
than BPD patients without a trauma 

history and controls.  

+ 

Halldorsdottir et 
al. 2017 

Portugal 
Prevention of 
Depression 

Study 

1345 Adolescence Caucasians 
(100.0) CTQ, self-report 

Rumination and 
catastrophizing 
subscales of the 

Cognitive Emotion 
Regulation 

Questionnaire, self-
report 

rs3800373 
rs9296158 
rs1360780 
rs9470080 

C 
A 
T 
T 
 

p < .05 
Effect size is 

.005 (h2) for both 
outcomes 

FKBP5 CATT haplotype carriers 
exposed to higher levels of 

childhood trauma reported greater 
levels of rumination and 

catastrophizing than haplotype 
carriers exposed to lower levels of 
childhood trauma and non-carriers 

with and without a history of 
childhood trauma 

+ 

Note. Abbreviations: BDI = Beck Depression Inventory; CAPE = Community Assessment of Psychic Experiences; CTQ = Childhood Trauma Questionnaire; M-CIDI = Munich-Composite International Diagnostic Interview; MCS = Maltreatment Classification System; MDD = Major Depressive Disorder; 
mPSS = Modified PTSD Symptom Scale; PAPA = Preschool Age Psychiatric Assessment; PCL = PTSD Checklist; PTSD = Post-Traumatic Stress Disorder; RCMAS = Revised Children’s Manifest Anxiety Scale; SCID = Structured Clinical Interview for DSM-IV; SSADDA = Semi-Structured Assessment 
for Drug Dependence and Alcoholism; THS = Trauma History Screen. Operationalization of developmental period: Toddlerhood 12-36 months; childhood 3-12 years old; adolescence 13-18 years old; adulthood 19-60 years old; late adulthood > 60. *Study is listed twice in the table as it examines the 
predictive effect of childhood trauma and FKBP5 locus on two different outcomes. 
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Table 2.  Complete literature review of postmortem human brain studies examining FKBP5 mRNA and protein levels in psychiatric disorders. 

     
Study N Subjects and diagnosis Brain region Method Summary of findings  

(75) 
12 MDD, 12 MDD with 
psychosis, 12 HIV+, and HIV+ 
with MDD 

Frontal cortex (BA 
not specified) 

qPCR and western 
blot 

Increased FKBP5 mRNA (2.4 fold higher in MDD 
with psychosis than control) and protein (not 
significant) expression in MDD and MDD with 
psychosis relative to controls. 

(76) 
 

20 SZ, 20 HC; Replication 
cohort: 35 SZ, 34 BPD, 35 
control  

Dorsolateral 
prefrontal cortex 
(BA46) 

RNA sequencing, 
qPCR, western blot 

FKBP5 mRNA expression higher in SZ (RNA 
sequencing: 61.5%, ANCOVA F(1, 33)=8.93, p= 
0.005; qPCR: ANCOVA F(2, 87)=6.00, p<0.005; post-
hoc 68% increase p<0.001) and BPD (qPCR: 
ANCOVA F(2, 87)=6.00, p<0.005; post-hoc 47.5%, 
p<0.05) vs HC. FKBP5 mRNA expression was 27.5% 
lower in rs4713916 TT homozygotes than TC 
heterozygotes, independent of diagnosis (n=32, 
p=0.05). No significant differences in FKBP5 protein 
levels was observed. 

(81) 10 MDD, 10 BPD, 10 SZ, 10 
controls  Hippocampus qPCR  

FKBP5 mRNA expression was increased in MDD 
(P=0.009, fold change: 2.36 higher in MDD vs 
controls) and were suggested to be associated with 
shorter telomere length 

(82)  
 

13 suicide (no psychiatric 
history and no anxiolytic or 
antidepressant history) and 13 
male controls 

Amygdala qPCR and western 
blot 

FKBP5 mRNA and protein was significantly reduced 
by 48% (Student’s t-test: t = 2.394, p = 0.025) and 
42% (Student’s t-test: t = 1.767, p = 0.090) respectfully 
in suicide victims compared with controls. 

(77)  
 

7 BPD (with antipsychotic 
exposure), 7 BPD (no 
antipsychotic exposure) and 12 
controls  

Premotor cortex 
(BA6) 

Affymetrix 
GeneChip U133 
plus 2.0 
Microarray 

FKBP5 mRNA was increased 1.88 fold (t-test, 1.23E-
03) in BPD subjects not exposed to antipsychotic drugs 
compared to controls. No difference in FKBP5 mRNA 
was seen in antipsychotic drug exposed cases (p>0.05). 

(80) 
 13 ASD and 13 controls  

Middle frontal 
gyrus (BA not 
specified) 

qPCR and western 
blot 

Increased FKBP5 (42%) in ASD (EMM = 161.86, SE 
= 12.27) as compared to controls (EMM = 114.14, SE 
= 11.66). There was also a significant association of 
FKBP5 mRNA with affection status (Mann-Whiney 
U=21.00, p=0.002). There was no change in FKBP5 
protein (p>0.05). 

(79) 
 8 PTSD and 8 controls  Orbitofrontal cortex 

(BA11) Golgi staining 

Levels of FKBP5 mRNA were marginally elevated in 
PTSD cases (DF=14, z=1.94, p=0.053), and levels 
correlated inversely with mushroom spines 
(Spearman's rho=0.83, p<0.001), overall spine density 
(Spearman's rho=0.75, p<0.002) and directly with 
stubby spine density (Spearman's rho=0.55, p < 0.027). 

(78) 
35 SZ, 33 BPD, 32 control. 
Replication cohort: 13 SZ, 14 
BPD, 15 MDD, 15 control 

Orbitofrontal 
cortex, 
hippocampus 
(subregions not 
specified) 

RNAseq 

In the hippocampus, FKBP5 mRNA was increased in 
SZ compared to controls (Wald=4.34, p=1.40E-05) 
and BPD (Wald=3.12, p=1.78E-03) compared to 
controls. In the orbitofrontal cortex, there was no 
difference in FKBP5 mRNA expression in SZ 
(Wald=1.32, p=0.19) or MD (Wald=0.42, p=0.67) vs 
controls, but increased in BPD (Wald=3.94, p=8.05E-
05) vs controls. 

(150) 19 PTSD and 19 controls 

Ventral medial 
prefrontal 
cortex/anterior 
cingulate cortex 
(BA25) 

qPCR 
3.5 fold decrease in FKBP5 expression in PTSD 
compared to controls (±1.4; Bonferroni- corrected 
P<0.05; n=19). 

Abbreviations: ASD: autism spectrum disorder; BA: Brodmann’s Area; BPD: bipolar disorder; HC: healthy control; HIV: human 
immunodeficiency virus; MDD: major depressive disorder, PTSD: post-traumatic stress disorder; qPCR: quantitative chain polymerase reaction; 
SZ: schizophrenia;  

 
 
 



Supplementary Materials 
 
1. FKBP5 alternative transcripts and sub-cellular distribution 

Transcripts 1 (ENST00000357266), 2 (ENST00000536438) and 3 (ENST00000539068) encode a full-

length FKBP51 protein, containing the FK1, FK2 and TPR domains (2). Transcript 4 

(ENST00000542713) encodes a truncated FKBP51 protein that lacks the TPR domain. As the TPR 

structural motif mediates interactions between FKBP5 and the HSP90 complex (70), its absence in 

Transcript 4 suggests a functional significance. Transcript 5 (ENST00000337746) also appears on 

GTEx, with a sequence similar to Transcript 2 with 7 exons (6 introns). The existence of this transcript 

is not experimentally confirmed. Gtex data (Supplementary Figure 1C) suggests that the transcripts 

may be differentially expressed across the brain. For example, Transcript 2 is lowly expressed (or 

absent) in the amygdala, cerebellum and spinal cord, and Transcript 3 expression is lowly expressed 

(or absent) in the cortex, basal ganglia, and cerebellum.  

 

With regards to cellular and sub-cellular distribution of FKBP5, FKBP5 mRNA expression in mice is 

highest in microglia, followed by neurons and oligodendrocytes (Allen Mouse Brain Atlas, 

http://mouse.brain-map.org/) (105). The Human Protein Atlas (http://www.proteinatlas.org/FKBP5) 

(106) shows that FKBP5 proteins are predominately localized to the nucleoplasm. However, this does 

not fit with an accepted model of FKBP5 function, that it chaperones protein complexes to the nucleus 

but does not itself enter (107). The few experimental studies that exist are conflicting. Firstly, a study 

in the human isocortex showed FKBP5 protein expression in layers II–VI of the cortex using 

immunohistochemistry (108). At the subcellular level, expression was observed in the perikaryal 

cytoplasm and apical dendrites but not in the nucleus, and in subcortical white matter, FKBP51 was in 

axonal fibres (108). The same group also found FKBP51 expression on pyramidal cells in layers III 

and V, and small cell bodies that were thought to be interneurons, in an unspecified region of the 

cortex (109). However a third study clearly identifies nuclear and cytoplasmic expression of FKBP51 

in the human cortex with immunofluorescent staining (60). Presently, further characterization of 

FKBP5 is limited although should become available as part of the Allen Brain Atlas and Brain Span. 

 



Supplementary Table 1. Examples of studies examining FKBP5 induction by glucocorticoid receptor 
activation across different tissue types. FKBP5 is robustly induced in most cell types by activation of steroid 
hormone receptors, either pharmacologically or by stress. FKBP5 is induced by MR in multiple tissues 
(Latouche, Sainte-Marie et al. 2010, Jabbour, Hayward et al. 2011, Newfell, Iyer et al. 2011, Petrovich, Asher et 
al. 2014) and by PR, at least in human breast cancer cell lines (Hubler, Denny et al. 2003, Hubler and Scammell 
2004). The FKBP5/GR relationship is the most thoroughly examined FKBP5 is dose-dependently increased in 
response to GR stimulation in multiple cell types, including cells of the brain, bronchi, muscle, blood, adipose 
and thymus, as well as lung and epithelial cancer cells (Supplementary Table 1). Additionally, mice treated with 
dexamethasone show robustly induced FKBP5 expression across the brain with major effects seen in stress-
sensitive brain regions including the hippocampus, amygdala, cortex and periventricular nucleus (Scharf, Liebl 
et al. 2011). 
 
Ref Tissue type Treatment Finding 

(Vermeer, 
Hendriks-Stegeman 
et al. 2003) 

Lymphoblastoid 
IM-9 cells and 
PBMCs 

ORG 34116 GR 
antagonist and 
dexamethasone 

FKBP5 mRNA was dose-dependently 
increased in response to GR stimulation 
in both cell types. 

(Magee, Chang et 
al. 2006) 

Thymus of wild-
type BL6 mice 

Dexamethasone 
phosphate 

FKBP5 expression was not altered by 
Dex-Phos treatment. 

(Paakinaho, 
Makkonen et al. 
2010) 

A459 lung cancer 
cells Dexamethasone 

FKBP5 was robustly induced by 
glucocorticoids by loading distant-acting 
GR enhancers about 34 kb 5' and 87kb 3' 
from the transcription start site. The 87kb 
site also had elevated levels of histone 3 
acetyalation and H3K4 trimethylation, 
suggesting that stimulation of these sites 
poises FKBP5 for transcription. 

(Scharf, Liebl et al. 
2011) 

Mouse brain 
(various regions) Dexamethasone 

Following stimulation with 
dexamethasone or stress exposure, 
FKBP5 expression dramatically increased 
in many brain regions with the largest 
changes observed in the amygdala and the 
PVN, whereas the hippocampal 
expression shows less pronounced 
FKBP5 induction 

(Kelly, King et al. 
2012) 
 

Bronchial biopsies, 
cultured epithelial 
and smooth muscle 
cells 

Budesonide 

Budesonide increased FKBP5 expression 
in treated subjects, and in human 
epithelial and smooth muscle cell 
cultures. 

(Pereira, Palming et 
al. 2014) 

Omental and 
subcutaneous 
adipose tissues 

Dexamethasone 

FKBP5 was the most responsive genes to 
dexamethasone in subcutaneous and 
omental adipose tissue, increasing by 
approximately 7 fold. FKBP51 protein 
was 10-fold higher in omental than 
subcuteanous tissue, and mRNA levels 
were similar. 

(Klengel, Mehta et 
al. 2013) 

Lymphoblastoid 
cell lines Dexamethasone 

Dexamethasone stimulation increased 
interactions of an enhancer in intron 2 of 
FKBP5 with the transcription start site in 
risk allele carriers relative to protective 
allele carriers. 



(Menke, Arloth et 
al. 2012) Whole blood Dexamethasone 

FKBP5 expression was robustly induced 
in response to dexamethasone oral 
treatment. 

(Fujii, Hori et al. 
2014) 
 

PBMCs Dexamethasone 

50-year-old healthy individuals carrying 
the T allele of rs1360780 within the 
FKBP5 gene showed lower cortisol 
reactivity to the 
dexamethasone/corticotropin-releasing 
hormone (DEX/CRH) test than non-T 
carriers. 

 
  



 

 
Supplementary Figure 1. (A) FKBP5 expression levels across the lifespan according to two probes 
targeting the FKBP5 locus (Probe ID hHC022322, hHC004837). This data was obtained from 
BrainCloud, an application developed by LIBD and NIMH available at 
http://braincloud.jhmi.edu/plots/. (B) FKBP5 expression levels across different tissues of the body. 
Data was obtained from www.gtex.com; GTEx Analysis Release V6p; dbGaP Accession 
phs000424.v6.p1.  
 
  



 

 
Supplementary Figure 2. FKBP5 expression levels in the brain according to sex (male=dark, 
female=light). Data was obtained from www.gtex.com; GTEx Analysis Release V6p; dbGaP 
Accession phs000424.v6.p1. 
 



 
 Supplementary Figure 3. Individual FKBP5 alternative transcript expression in the brain. Data was 
obtained from www.gtex.com; GTEx Analysis Release V6p; dbGaP Accession phs000424.v6.p1. 
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