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Abstract

Background—The most effective treatment for posttraumatic stress disorder (PTSD) is

exposure therapy, which aims to facilitate extinction of conditioned fear. Recent evidence suggests

that brain-derived neurotrophic factor (BDNF) facilitates extinction learning. This study assessed

whether the Met-66 allele of BDNF, which results in lower activity-dependent secretion, predicts

poor response to exposure therapy in PTSD.

Methods—Fifty-five patients with PTSD underwent an 8-week exposure-based cognitive

behavior therapy program and provided mouth swabs or saliva to extract genomic DNA to

determine their BDNF Val66Met genotype (30 patients with the Val/Val BDNF allele, 25 patients

with the Met-66 allele). We examined whether BDNF genotype predicted reduction in PTSD

severity following exposure therapy.

Results—Analyses revealed poorer response to exposure therapy in the PTSD patients with the

Met-66 allele of BDNF compared with patients with the Val/Val allele. Pretreatment Clinician

Administered PTSD Scale severity and BDNF Val66Met polymorphism predicted response to

exposure therapy using hierarchical regression.

Conclusions—This study provides the first evidence that the BDNF Val66Met genotype

predicts response to cognitive behavior therapy in PTSD and is in accord with evidence that

BDNF facilitates extinction learning.
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Brain-derived neurotrophic factor (BDNF) is a neurotrophin with a key role in regulating

protein synthesis and synaptic plasticity in the brain (1,2). BDNF mediates long-term

potentiation in the hippocampus, and is thought to act as a key biological mechanism

underlying associative learning and memory consolidation (1,2). Extinction learning is a

form of inhibitory associative learning, where a previously feared stimulus (conditioned

stimulus) becomes associated with safety signals. Regions of the infralimbic prefrontal (IL

PFC) cortex in rats, and ventromedial prefrontal cortex (vmPFC) in humans are critical for

retention of extinction learning (2,3). Recall of extinction in humans activates vmPFC and

hippocampus (3,4). Consolidation of extinction learning requires plasticity in the IL PFC,

which depends at least partially on protein synthesis (5,6).

Recent evidence suggests that BDNF plays a key role in extinction learning (2,7). Rats that

fail to learn extinction have reduced BDNF in hippocampal afferents to the IL PFC;

however, augmenting BDNF in this network prevents extinction failure (2). Similarly,

deletion of hippocampal-dependent BDNF impairs extinction learning in rats (8). BDNF is

likely to be responsible for consolidating extinction memory in IL PFC because direct

infusion of BDNF into the IL PFC significantly enhances extinction, as demonstrated by

reduced conditioned freezing relative to saline-infused rats (2). This effect is apparent on the

initial extinction trial, suggesting that extinction training is not an essential mediator of this

effect. Indeed, subsequent infusions of BDNF into IL PFC facilitates extinction of

conditioned fear responses without any extinction training (2).

A single-nucleotide polymorphism in the gene encoding human BDNF gives rise to a

functional variant at codon 66 with the substitution of the amino acid valine (Val) by

methionine (Met) (Val66Met:9). The Met allele (Met/Met or Val/Met genotype) has been

associated with reduced hippocampal function and poorer episodic memory and results in

reduced activity-dependent secretion of BDNF (9). In genetic mouse models, insertion of the

Met allele has been shown to decrease the release of BDNF from hippocampal neurons (10)

and has been shown to impair extinction learning in both mice and humans (7). A divergent

finding was reported by Lonsdorf and colleagues (11), who found that the BDNF Met group

displayed reduced extinction learning during the first block of extinction trials, relative to

the Val/Val group. However, this may have been due to the poorer extinction learning

revealed during fear acquisition in the BDNF Met group in this study. In addition, evidence

suggests that BDNF has differential effects on neural plasticity in prelimbic and infralimbic

prefrontal regions and amygdala networks during fear expression and extinction (12,13).

Importantly, Soliman et al. (7) found that human Met allele carriers displayed reduced

activity in vmPFC regions and greater activity in amygdala during extinction learning than

those with the Val/Val genotype (7). This suggests that BDNF Met allele carriers fail to

recruit inhibitory vmPFC networks involved in extinction learning that act to inhibit

amygdala fear-based processing (7). Furthermore, epigenetic upregulation of the BDNF

promoter within the PFC, resulting in increased levels of BDNF expression, correlates with

fear extinction (14).

Posttraumatic stress disorder (PTSD) is conceptualized as failure of fear extinction learning,

and patients with this disorder display reduced activity in vmPFC regions implicated in

extinction (15–17). Exposure therapy for PTSD aims to facilitate extinction learning (16),
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and successful exposure therapy in PTSD has been associated with increased activity in

vmPFC networks involved in extinction and reduced activity in amygdala response to

fearful faces (17), as well as size of the rostral anterior cingulate cortex (which is implicated

in extinction learning (18). The only previous study of genetic predictors of exposure

therapy in patients with PTSD found that the low-expression allele of the serotonin

transporter gene was associated with poor treatment response (19). Carriers of this allele

have been shown to acquire conditioned startle responses more readily (20) and display

decoupling of the amygdala-prefrontal network, which is implicated in extinction learning

(21). This finding suggests that genetic vulnerability to enhanced conditioning or impaired

extinction may influence response to exposure therapy. On the basis of the role that BDNF

plays in extinction, we examined the capacity of the BDNF Val66Met polymorphism

(mediating activity-dependent BDNF secretion) to predict the response to exposure therapy

in PTSD. Specifically, given evidence that BDNF facilitates extinction learning, we

hypothesized that the BDNF Met allele would predict poorer response to exposure therapy

in PTSD.

Methods and Materials

Participants

A subset of the current sample has been reported in a previous study examining the

serotonin transporter gene in relation to response to exposure therapy in PTSD (19). Eighty-

two civilians with PTSD (24 who had survived motor vehicle accidents, 31 who had

survived physical assaults) who were of white European ancestry and had completed an 8-

week exposure-based cognitive behavior therapy (CBT) program at the Traumatic Stress

Clinic (University of New South Wales, Australia) between January 2003 and August 2006

(19) were approached to participate in the study. Fifty-five participants agreed to participate

and provided DNA suitable for BDNF genotyping. Eighteen participants had comorbid

major depression (8 in the Val-Val group, 10 in the Met group), and 5 reported comorbid

substance abuse. There were no significant differences in age, gender, time since trauma,

comorbid disorders, PTSD severity, or treatment response between those who participated or

those who refused to participate in the study. Inclusion criteria were a DSM-IV diagnosis of

PTSD and age between 18 and 65 years. Exclusion criteria included active suicidal intent or

psychosis, severe traumatic brain injury, personality disorder, taking psychotropic

medication, or cognitive impairment that prevented engaging in CBT. Before obtaining

informed consent, participants were informed that the study was testing the relationship

between genetics and recovery from trauma, and participants were reimbursed $20. After

complete description of the study to the subjects, written informed consent was obtained.

Procedure

Diagnoses of PTSD were made by master’s level clinical psychologists with the Clinician

Administered PTSD Scale (CAPS) (23). Participants then completed 8 weekly 90-minute

individual CBT sessions. A subset of these participants were drawn from an arm of a

previously reported randomized controlled trial of CBT that comprised imaginal exposure

combined with in vivo exposure and cognitive restructuring (22). The first session

comprised psychoeducation, the subsequent six sessions comprised imaginal and in vivo
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exposure and cognitive restructuring, and the final session comprised relapse prevention.

Treatment response was quantified using the CAPS at posttreatment (within 2 weeks of

therapy cessation) by a clinical psychologist independent from the study.

Genetic Analysis

Genomic DNA was extracted from mouth swabs or via saliva samples. The collection

methodology shifted from mouth swabs to saliva samples during the course of the study

because of the higher and more reliable yield of DNA provided by saliva samples. Genomic

DNA was extracted from mouth swabs using a standard proteinase K digestion and

chloroform extraction procedure, and saliva samples were purified using the Oragene DNA

collection kit (DNA Genotek, Ottawa, Canada). The BDNF Val66Met genotypes were

determined using primer extension followed by mass spectrometry analysis on the

Sequenom MassARRAY system (Sequenom, San Diego, California) by the Australian

Genome Research Facility (http://www.agrf.org.au). The genotype frequencies of the 55

participants were 54.5% Val/Val (n = 30), 40% Val/Met (n = 22), and 5.5% Met/Met (n =

3), which were in Hardy-Weinberg equilibrium (χ2 = .16, p> .05). We grouped Met allele

carriers (Val/Met and Met/Met genotypes) together for analyses because the rarity of the

Met/Met genotype prevents meaningful analysis. Posttreatment, all 55 patients had

completed the full treatment with 30 BDNF Val/Val homozygotes and 25 BDNF Met allele

carriers.

Statistical Analysis

To examine the impact of BDNF genotype on response to exposure treatment, a repeated-

measures analysis of covariance (ANCOVA) was conducted on total CAPS scores with

BDNF Group (Val/Val, Met) as the between factor, and Time (pretreatment, posttreatment)

as the within factor, and 5HTT serotonergic tranporter genotype as a covariate. To determine

if BDNF genotype could predict response to exposure therapy, a hierarchical multiple

regression was conducted with CAPS posttreatment data as the dependent variable, and age,

pretreatment PTSD severity (pretreatment CAPS scores), previous psychiatric history, 5HTT

serotonergic transporter genotype, and BDNF genotype entered as predictors (in that order).

Age, psychiatric history, and 5HTT transporter genotype were included as predictors

because these variables may mediate the effects of BDNF and response to exposure

treatment (19,24,25). An alpha value of p < .05 was used for all analyses.

Results

Demographic and Clinical Data

Demographic and clinical data are presented in Table 1. There were no significant

differences between the Val/Val and Met carrier groups on age, time posttrauma,

pretreatment depression scores, pretreatment PTSD severity, trauma type, or gender

distribution. There were no significant differences in the distribution of 5HTT serotonergic

transporter genotypes across the groups.
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Treatment Response

Table 1 presents the mean PTSD severity (total CAPS scores) pretreatment and

posttreatment, and Figure 1 illustrates the impact of BDNF genotype on treatment response.

Figure 1 reveals that the BDNF Met group showed a reduced response to exposure treatment

with a 40% reduction in CAPS score posttreatment, whereas the Val/Val group showed a

62% reduction in CAPS score. A repeated measures ANCOVA (controlling for 5HTT

genotype) revealed a significant interaction between BDNF and Time [F(1,52) = 7.7, p = .

008, η2
p = .13] and a significant effect of time [F(1,52) = 9.8, p = .003], but no significant

main effect of BDNF [F(1,52) = 3.8, p = .06]. Post hoc analyses of the BDNF × Time

interaction revealed there were no significant differences between Val/Val and Met groups

pretreatment, but the Met group had significantly higher CAPS scores than the Val/Val

group at posttreatment.

Hierarchical Multiple Regression

Findings from the hierarchical multiple regression are presented in Table 2. Age was a

significant predictor of posttreatment PTSD scores, whereas pretreatment CAPS severity,

5HTT genotype, and previous psychiatric history were nonsignificant predictors. BDNF

genotype was a highly significant predictor of posttreatment PTSD scores after controlling

for pretreatment PTSD severity.

Discussion

PTSD participants with the BDNF Met-66 low activity-dependent secretion allele displayed

poorer response to exposure therapy than the Val/Val genotype group. The BDNF genotype

was found to be a significant predictor of response to exposure therapy, above and beyond

the effect of pretreatment PTSD severity, premorbid psychiatric history, and age. The

regression analysis revealed that BDNF genotype contributed 14% of the variance in

treatment response after controlling for these other significant predictors. One explanation

for this finding is that lower levels of BDNF predict poorer extinction learning in the context

of exposure therapy and hence predict the efficacy of an extinction-based therapy. However,

an important alternative explanation to consider is that BDNF interacts with the

pathogenesis of PTSD to yield a disease subtype that is differentially responsive to

subsequent exposure-based treatment. This latter possibility should receive additional

investigation given that insufficient extinction may be critical to the pathogenesis of PTSD.

To our knowledge, this is the first study to show that the functional BDNF Val66Met

polymorphism predicts response to exposure-based therapy. Our finding is in accord with

previous evidence in animals that BDNF depletion impairs fear extinction (8) and that

BDNF infusion into IL PFC facilitates fear extinction (2). It is also consistent with recent

evidence in healthy control participants that the BDNF Met allele impairs extinction in a

fear conditioning/extinction paradigm (7).

Successful response to exposure therapy is associated with increased functional brain

activity in ventromedial prefrontal regions (18). Availability of BDNF in hippocampal

projections to the IL medial PFC is critical for extinction memories (2), and BDNF Met

carriers display reduced activity in ventromedial prefrontal regions and greater amygdala
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activity during extinction learning (7). This suggests that lower levels of BDNF in

hippocampal and ventromedial prefrontal networks (resulting from the impaired activity-

dependent secretion of the BDNF Met allele) result in reduced protein synthesis and neural

plasticity in these pathways. Consequently, there is expected to be relatively less change in

ventromedial prefrontal activity in response to exposure-based therapy in PTSD patients

with the Met allele. To test this hypothesis, future studies should examine functional brain

responses associated with exposure-based therapy in PTSD patients when stratified by

BDNF Val66Met genotype.

We note that there is a need to consider the potential interaction between BDNF and other

functional polymorphisms that have been associated with extinction learning. Although our

previous study of genetic prediction of CBT in PTSD found that the low-expression allele of

the serotonin transporter gene predicted poorer response to exposure treatment (19), we did

not find an interactive effect of the serotonin transporter and BDNF genotype on treatment

response. However, we examined the impact of BDNF immediately posttreatment to capture

the most direct measure of extinction learning. Because the effect of the serotonin

transporter gene was found at 6-month follow-up, the relationship between the serotonin

transporter gene and BDNF should be examined at longer time frames posttreatment. The

COMTval158 is a methylation enzyme metabolizing mono-aminergic neurotransmitter and

has been linked to impoverished extinction learning (20). Of relevance to the current study is

evidence that the met/met genotype of COMT is associated with PTSD severity in the

context of low-intensity traumatic experience (26). A recent study of exposure therapy for

patients with panic disorder found that patients with the Met/Met genotype responded more

poorly to therapy than those with at least one Val allele (27). This finding is relevant in light

of proposals that panic disorder and PTSD may be mediated by comparable neural circuitry

that implicates conditioning and extinction networks (28). Furthermore, findings from this

study and our current study support a widely held, but largely untested, hypothesis that

extinction is necessary for CBT exposure treatment. Finally, BDNF binds to specific high-

affinity TrkB receptors; modulation of TrkB activation has been shown to block the

consolidation of fear extinction (29), and the TrkB-NTRk2 polymorphism has been

associated with stress-related mood disorders (30,31) and obsessive-compulsive disorder

(32). Taken together, these convergent findings suggest that future studies need to identify

interactions of genotypes that are implicated in extinction learning to determine the role that

these interactions play in how people respond to therapies that are based on extinction

learning and retention.

Despite the independent contribution of BDNF genotype to treatment response, this finding

needs important qualification. The small samples sizes in this study highlight the need for

replication of the finding in larger groups. Future research should also examine genetic

predictors of treatment response in relation to nontreatment control conditions to rule out

any genetic influences on spontaneous remission. We lacked the sample size necessary to

study any interaction of BDNF Val66Met genotype with other potential genetic predictors,

as well as other potential factors, such as gender. Our sample was also limited to European

patients (future studies should use genetic confirmation of ancestry), and it remains to be

seen whether this pattern is observed in other ethnic groups. We also did not operationally
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measure extinction learning or retention, and thus the extent to which we can attribute the

differential response to exposure therapy to extinction remains speculative.

These limitations notwithstanding, this preliminary study presents novel evidence that

response to exposure therapy in PTSD is influenced by BDNF genotype. This finding

converges with animal and human evidence revealing that BDNF facilitates extinction

learning. It confirms predictions of Soliman et al. (7) that the BDNF Val66Met

polymorphism influences the efficacy of extinction-based exposure therapy. This study

highlights the importance of identifying specific genotypes as potential predictor variables in

clinical trials of exposure therapy in PTSD. Evidence that genotypes influence response to

CBT may provide a platform for the eventual application of personalized medicine to the

treatment of PTSD.
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Figure 1.
Effect of brain-derived neurotrophic factor genotype on response to exposure treatment in

posttraumatic stress disorder: pre-treatment and posttreatment scores on the Clinician

Administered PTSD Scale for the Val/Val (n = 30) and Met (n = 25) groups. Error bars

show SEM.
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Table 1

Demographic and Clinical Data for Participants with the BDNF Val/Val (n = 30) and BDNF Met (n = 25)

genotypes

Variable Val/Val Met Carriera Fb p

Age 49 (15) 44 (13) 1.8 .19

Months Posttrauma 48 (110) 70 (112) .55 .46

Pretreatment BDI 22 (11) 25 (9) .97 .33

Pretreatment CAPS 62 (15) 63 (17) .01 .99

Posttreatment CAPS 24 (20) 37.6 (27) 4.5 .038c

Trauma Type 14 MVA
16 Assault

15 MVA
10 Assault

3.3 .19

Gender 18 M/12 F 17 M/8 F .38 .58

5HTT Genotype 24 S/6 L 17 S/8 L 1.04 .36

Quantitative variables are mean values, with standard deviation indicated in parentheses.

5HHT genotype, genotype on the serotonin transporter gene; BDI, Beck Depression Inventory; BDNF, brain-derived neurotrophic factor; CAPS,
Clinician Administered PTSD Scale; F, female; L, long allele on the serotonin transporter gene; M, male; MVA, motor vehicle accident; S, short
allele on the serotonin transporter gene.

a
The Met carrier group comprises those subjects with Val/Met or Met/Met genotypes.

b
t statistic or χ2 statistic, as appropriate.

c
Significant predictor.
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Table 2

Hierarchical Multiple Regression Predicting Total CAPS Scores at Posttreatment

Predictor Beta t p

Age .243 1.91 .04a

Psychiatric History .215 1.75 .17

Pretreatment CAPS Total .251 2 .08

5HTT Genotype .04 .25 .801

BDNF Genotype .43 3.2 .003a

5HTT serotonin transporter short allele carriers coded as 1, long allele carriers coded as 2. Brain-derived neurotrophic factor (BDNF) Val/Val
carriers coded as 1, Met carriers as 0.

CAPS, Clinician Administered PTSD Scale.

a
Significant predictors (p < .05).
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