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Abstract
Genetic variation at the FKBP5 locus has been reported to affect clinical outcomes in patients treated
with antidepressant medications in several studies. However, other reports have not confirmed this
association. FKBP5 may regulate the sensitivity of the hypothalamic–pituitary–adrenal axis. We
tested two FKBP5 single nucleotide polymorphisms (rs1360780 and rs3800373) in a sample of 246
geriatric patients treated for 8 weeks in a double-blind randomized comparison trial of paroxetine
and mirtazapine. These two polymorphisms had previously been reported to predict efficacy in
depressed patients treated with selective serotonin reuptake inhibitors such as paroxetine, and those
treated with mirtazapine, an agent with both serotonergic and noradrenergic actions. However, we
found no significant associations between these FKBP5 genetic variants and clinical outcomes.
Neither mean Hamilton Depression Rating Scale scores nor time to remission or response were
predicted by FKBP5 genetic variation. These results suggest that FKBP5 is unlikely to play a major
role in determining antidepressant treatment outcomes in geriatric patients.
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INTRODUCTION
There is continuing interest in identifying DNA markers that might predict response to
antidepressant medications. Although many genetic associations with treatment response in
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depression have been reported, few have been replicated across samples. A seemingly robust
finding was reported by Binder et al. [2004], who found an association between polymorphisms
in the FK506 binding protein 5 (FKBP5) gene that encodes a glucocorticoid receptor-regulating
co-chaperone of Hsp90, and response to antidepressant treatment in 294 individuals suffering
from depressive disorders. The hypothalamic–pituitary–adrenal (HPA) axis has been
implicated in antidepressant response [Binder et al., 2009], and FKBP5 regulates
glucocorticoid receptor sensitivity [Binder et al., 2008; Zhang et al., 2008]. However,
subsequent attempts to replicate this finding have resulted in both positive and negative
associations between FKBP5 polymorphisms and antidepressant response. The original Binder
cohort contained adult patients of widely different ages. To our knowledge, there are no
published data on the effect of FKBP5 polymorphisms on treatment response in older adults
with major depression. We attempted to replicate the Binder et al. [2004] finding in a cohort
of 246 elderly patients with major depression who were treated with either paroxetine or
mirtazapine in a double-blind, randomized clinical trial setting for 8 weeks. We found no
evidence that variation at the FKBP5 locus affects outcomes in elderly patients treated with
paroxetine or mirtazapine.
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MATERIALS AND METHODS
The methods for recruiting the study population and collecting the clinical data have been
previously described [Schatzberg et al., 2002; Murphy et al., 2003]. Briefly, the study group
included 246 outpatients from 18 clinics in the U.S. with major depressive disorder who were
treated with either mirtazapine or paroxetine in an 8-week, double-blind, randomized trial. IRB
approval was obtained at each site, and all patients provided written informed consent. All
patients (paroxetine N = 124; mirtazapine N = 122) were 65 years of age or older and free of
major medical problems for at least 3 months. According to self-report, 20 patients were from
minority backgrounds. For mirtazapine, these included one Asian, four African Americans,
and two patients from other minority backgrounds. For paroxetine, there were two Asians, six
African Americans, and five from other minority backgrounds. All other subjects were of self-
reported European Caucasian ancestry. At screening, all met DSM-IV criteria for major
depression (single or recurrent), had Mini Mental State Examination (MMSE) [Folstein et al.,
1975] scores above the 25th percentile for their age, and had a Hamilton Depression Rating
Scale 17-item [Hamilton 1967] (HDRS-17) score of at least 18. Patients were excluded for
clinically significant laboratory abnormalities, unstable medical conditions, drug or alcohol
abuse, psychosis, recent suicide attempt, and psychiatric conditions other than major
depression, or antidepressant treatment within 7 days of commencing the study.

Initial treatment was 15 mg mirtazapine (one active capsule and one placebo capsule) or 20
mg of paroxetine (two 10 mg capsules) given each evening. On day 14, doses were increased
to 30 mg of mirtazapine or paroxetine. At days 28 and 42, dose increases to 45 mg of
mirtazapine or 40 mg of paroxetine were allowed if the patient had not achieved Clinical Global
Impression Scale [Guy 1976] change scores indicating “much improved” or “very much
improved.” Patients were evaluated after 1–4, 6, and 8 weeks of treatment. Mood was rated
using the HDRS-17 and also the HDRS-21.
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DNA extraction from whole blood was previously described [Murphy et al., 2003]. Genotyping
was carried out using a Taqman SNP genotyping assay (Applied Biosystems, Foster City, CA;
rs1360780: C___8852038_10 assay; rs3800373: C__27489960_10 assay) under standard
conditions. We did not genotype the rs4713916 SNP, which showed a weaker effect in the
Binder et al. [2004] study, and is in substantial linkage disequilibrium (LD) with rs1360780
and rs3800373 (D’ = ~0.8 in the Binder cohort).

Both the rs1360780 and rs3800373 variants were evaluated for conformity to Hardy–Weinberg
equilibrium in our sample. LD between the two SNPs was assessed using Haploview version
4.0, using the full sample. The assessment was repeated using Caucasians only to check for
population stratification effects on LD. Regional LD was assessed using the unrelated
individuals from the HapMap CEU cohort.

A comparison across the genotype groups for demographic and clinical characteristics was
carried out using Chi-squared tests or ANOVA. A complete comparison of demographic and
clinical characteristics between drug treatment groups can be found in Schatzberg et al.
[2002].

To test for genetic effects on treatment outcomes, we used SAS 9.1.3 routine PROC MIXED
(SAS Institute, Cary, NC). For each SNP, two general linear models were used to assess
differences in the mean change in HDRS-17 over time between genotypes. The first model
was fit with genotype as the main affect and baseline HDRS-17 score as an additional fixed
effect, and included a genotype by time interaction term and a quadratic term for time. The
second model contained all the components of the first model as well as including amount of
medication taken as a covariate and interaction terms for dose by time and dose by genotype.
Amount of medication taken was based on pill counting at each clinic visit and is a measure
of compliance. To test for remission, Kaplan–Meier survival analyses were performed.
Remission was defined as a reduction of the HDRS-17 score to less than 7.

Although the HDRS-17 was the primary outcome measure in our clinical trial, to make a direct
comparison to the Binder et al. [2004] results, we also performed analyses using the HDRS-21
score. Chi-squared tests were used to compare genotype frequencies at week 2 between those
showing a 25% reduction in HDRS-21 and those not reaching this criterion. Survival analyses
using a 50% reduction in HDRS-21 as an indicator of response or an HDRS-21 score of less
than 10 as a criterion for remission were also carried out.

For all statistical testing, separate analyses were carried out for those treated with paroxetine
and those treated with mirtazapine, initially using all subjects, and then Caucasians only to
limit the potential for confounding due to population stratification.

Because we aimed to test whether the results of Binder et al. [2004] could be replicated in our
sample, we made no a priori correction for type I error, in order to minimize the possibility of
false negatives.

RESULTS
The genotype distributions of both rs1360780 and rs3800373 genotypes were shown to be in
Hardy–Weinberg equilibrium. The rs1360780 and rs3800373 variants were found to be in
strong, but not complete LD in the full cohort (D’ = 0.94, r2 = 0.83).

Potential confounding factors were investigated and no significant differences in age, sex,
ethnicity, baseline HDRS-17 scores, or final drug dosage when comparing genotype groups
within each treatment cohort were observed (Table I), except for slightly higher baseline
HDRS-17 scores for carriers of the rs3800373 genotype among paroxetine-treated subjects.
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HDRS-17 score was the primary outcome measure for our clinical trial. Mixed model analysis
of HDRS-17 scores over time, which included baseline scores as a covariate, did not yield any
significant genotype effects for either of the two SNPs (Fig. 1). Likewise, survival analysis
using time to an HDRS-17 score of 7 or less as a criterion for remission showed no effects of
genotype (Fig. 2). Results were no different with the exclusion of non-Caucasian individuals.

When using an HDRS-21 score of less than 10 as a criterion for remission, Kaplan–Meier
analysis showed that among mirtazapine-treated patients, there was a marginally significant
(P = 0.04) difference among the rs3800373 genotypes, with A allele carriers showing faster
remission (Supplemental Fig. 1). Results for rs1360780 were similar. No differences in
treatment response due to genotype were noted in the paroxetine treated cohort. Carriers of the
rs1360780 C allele showed a trend toward faster response (50% reduction in HDRS-21 score)
in the mirtazapine treated cohort (P = 0.089; Supplemental Fig. 2). A similar result (P = 0.096)
was observed for rs3800373.

Using data from week 2 of the study, Chi-squared testing showed that frequencies in the
genotype groups did not differ between those with 25% reduction in HDRS-21 and those not
reaching this criterion for response, except for a marginally significant association for
rs1360780 (Table II). Patients with the CC genotype were more frequent in the responder group
than in the non-responder group (P < 0.046) for mirtazapine. Power analysis showed that at
week 2 our combined sample of 246 subjects had 89% power to detect an effect of the
magnitude reported by Binder et al. in their Max Planck sample, and 93% in their Ludwig
Maximillian sample at the 0.05 level of significance.

Given that older patients may respond more slowly to antidepressants than younger ones, we
also tested for an association between FKBP5 genotype and 25% reduction in HDRS-21 at
week 3 of treatment. The results at week 3 were similar to those for week 2 (Supplemental
Table I), and did not support an association between FKBP5 genotype and clinical
improvement. We also analyzed the effects of genotype on HDRS-21 scores over time using
the mixed model analysis. There were no significant genotype effects for either SNP on change
in HDRS-21 score over time (Supplemental Fig. 3). Similar results were obtained for both the
full cohort and the Caucasians alone.

DISCUSSION
These results do not support the hypothesis that variation in the FKBP5 locus is useful in
predicting response to antidepressant treatment. Our results differ from those of Binder et al.
[2004], who found an association between FKBP5 variation and response to antidepressant
treatment in a German cohort of 294 individuals suffering from depressive disorders. The
strongest association in their data was to rs1360780, a SNP located in the second intron of
FKBP5. Patients with the rs1360780 TT homozygous genotype showed the fastest response
over a 5-week treatment course. In our study, analysis of HDRS-17 scores showed no genetic
effects on antidepressant efficacy. The only marginally significant associations were observed
with the HDRS-21 scale, and these were actually in the opposite direction from those reported
by Binder et al. [2004]. That is, patients with the TT genotype for rs1360780 responded more
slowly to mirtazapine, as did carriers of the CC genotype for rs3800373. Further, these
associations would not withstand correction for multiple testing. Testing for genetic effects at
week 2 of treatment, as they did, produced one marginally significant result, an enrichment of
the non-responder group with the rs1360780 TT genotype among mirtazapine treated patients.
In contrast, Binder et al. found an enrichment of non-responder group with the rs1360780 CC
genotype. Power analysis showed that given our sample size, we should have been readily able
to detect a genetic effect of the magnitude reported by Binder et al.
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Although our results do not replicate those of Binder et al. [2004], our study differed from
theirs in that the mean age of subjects in our study was older. In addition, at least some of the
patients in the Binder et al. study appear to have been hospitalized, whereas our sample was
entirely outpatients. The Binder et al. [2004] sample was heterogeneous, and included patients
with major depression, dysthymic disorder, and bipolar disorder, whereas our sample included
only patients with major depression. Their was a naturalistic pharmacogenetic study rather than
a clinical trial, and patients were treated with antidepressant drugs of the doctor's choice, and
some of the patients were also treated with mood stabilizers or antipsychotics in addition to
antidepressants, whereas our patients took no psychotropics other than the two study
medications. One possibility is that differences in antidepressant response rates among patients
reported by Binder et al. [2004] may have been due to clinical variability rather than genetic
effects.

A second German naturalistic study [Kirchheiner et al., 2008] supported the finding of Binder
et al. [2004] by showing a trend (P = 0.04; odds ratio, 1.8) towards improved drug response
for individuals with at least one rs1360780 T allele. The study also showed rs1360780 and
rs3800373 to be in strong LD. In addition, Lekman et al. [2008] found an association between
rs1360780 and a diagnosis of major depression in white non-Hispanics in the STAR*D cohort.
They also found modest evidence for an association between the FKBP5 SNP rs4713916,
which is in strong LD with the markers we studied, and treatment response for the selective
serotonin reuptake inhibitor citalopram. A reasonable caveat with all pharmacogenetic studies
utilizing the STAR*D sample is that only a subset of the total patient sample contributed DNA.
This raises concerns about selection bias in the sample available for genotyping.

Other studies have not found an association between FKBP5 polymorphisms and treatment
outcomes. A Spanish study [Papiol et al., 2007] using citalopram found no evidence for FKBP5
genotypes as predictors of treatment outcomes, nor did a Taiwanese study [Tsai et al., 2007]
utilizing fluoxetine. A German case–control study by Gawlik et al. [2006] reported a nominal
association (P = 0.045) between a haplotype consisting of rs1360780T and rs3800373T and
duration of affective psychosis, but no association with age at onset, age of first hospitalization,
or frequency and period of in-patient treatment. Pharmacogenetic effects were not tested by
Gawlik et al. [2006].

It is possible that differences between our study and that of Binder et al. [2004] could be due
to the differing age distributions of the two samples. Structural and functional changes in the
brain with normal aging are well documented [Mrak et al., 1997; Sullivan and Pfefferbaum,
2007; Grady, 2008], as well as age-related changes in HPA axis function and other endocrine
functions [Chahal and Drake 2007]. Further, at least some cases of geriatric depression may
have an ischemic etiology [Taylor et al., 2006]. Whether these age-related changes could negate
an effect of FKBP5 genetic variation on antidepressant treatment outcomes is unknown. Some,
but not all, studies of antidepressant response in the elderly have indicated a slower response
than in younger subjects [Whyte et al., 2004; Mandelli et al., 2007]. However, in our sample,
there was no evidence for a marked difference among FKBP5 genotype groups at any time
point. In fact, our data cover 8 weeks of treatment, whereas that of Binder et al. [2004] appears
to cover 5 weeks of treatment.

In summary, in the first test of FKBP5 polymorphisms as pharmacogenetic predictors in
patients treated in a double-blind randomized clinical comparison trial, we found no evidence
that these genetic markers contribute to treatment outcomes with paroxetine or mirtazapine.
Our study involved only older patients, whereas other studies reporting a positive effect
involved younger individuals. Additional work is needed to determine the value, if any, of
FKBP5 variation in clinical practice.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Mean HDRS-17 scores at each assessment point, stratified by genotype and by drug treatment.
Mixed-model analysis showed no significant genotype by time interactions.
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FIG. 2.
Survival curves showing time to reach HDRS-17 score of 7 or less, stratified by genotype and
by drug treatment. Kaplan–Meier survival analysis log-rank P values are shown.
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