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Abstract
Genome-wide association studies (GWAS) have failed to replicate common genetic variants
associated with antidepressant response, as defined using a single endpoint. Genetic influences
may be discernible by examining individual variation between sustained versus unsustained
patterns of response, which may distinguish medication effects from non-specific, or placebo
responses to active medication. We conducted a GWAS among 1,116 subjects with Major
Depressive Disorder from the Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) trial who were characterized using Growth Mixture Modeling as showing a sustained
versus unsustained pattern of clinical response over 12 weeks of treatment with citalopram.
Replication analyses examined 585 subjects from the Genome-based Therapeutic Drugs for
Depression (GENDEP) trial. The strongest association with sustained as opposed to unsustained
response in STAR*D involved a single nucleotide polymorphism (SNP; rs10492002) within the
acyl-CoA synthetase short-chain family member 3 gene (ACSS3, p-value = 4.5 × 10-6, odds ratio
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= 0.61). No SNPs met our threshold for genome-wide significance. SNP data were available in
GENDEP for 18 of the top 25 SNPs in STAR*D. The most replicable association was with SNP
rs7816924 (p = 0.008, OR = 1.58); no SNP met the replication p-value threshold of 0.003. Joint
analysis of these 18 SNPs resulted in the strongest signal coming from rs7816924 (p = 2.11 ×
10-7), which resides in chondroitin sulfate N-acetylgalactosaminyltransferase 1 gene
(CSGALNACT1). An exploratory genetic pathway analysis revealed evidence for an involvement
of the KEGG pathway of long-term potentiation (FDR =.02). Results suggest novel genetic
associations to sustained response.
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INTRODUCTION
Treatment with antidepressant medications is associated with significant improvements in
clinical symptoms of Major Depressive Disorder (MDD), as well as improvements in
functional status and quality of life. However, there is marked heterogeneity of outcomes
including a subset of patients who show unsustained response (Muthén et al., 2011; Quitkin
et al., 1984). Inter-individual variation in antidepressant response is under genetic influence
(Tansey et al., 2012a), yet no genetic marker has shown a consistent association with clinical
outcome (Tansey et al., 2012b; Uher et al., 2012). Limited progress in predicting drug
efficacy may be in part due to heterogeneity in MDD related to complex gene-environment
etiology (Keers & Aitchison, 2011), or the inability to separate specific response to
antidepressants from naturalistic course or placebo response (Malhorta, 2010; Malhorta et
al., 2012), among other factors.

The discovery of predictors of clinical response may also depend critically on the
classification of outcomes. MDD trials commonly define outcomes using a predetermined
cutoff score assessed at a single primary endpoint. This approach fails to account for
patterns of change in clinical symptoms over time (Muthén et al., 2008) and may not reflect
clinically or physiologically meaningful distinctions (Uher et al., 2010). Clinical changes
over time are especially relevant when subjects exhibit alternating improvement and
worsening of symptoms (Hunter et al., 2010) or a U-shaped pattern of outcome (Muthén et
al., 2011; Quitkin et al., 1984). Unsustained response is clinically undesirable and may
represent a “placebo” response rather than a “true drug” effect (Quitkin et al., 1984). Insofar
as differences between sustained and unsustained response patterns may reflect a
physiological substrate, it is of interest to examine these phenotypes for genetic association.

Advanced statistical modeling techniques have identified various response patterns,
including unsustained response during acute antidepressant treatment. Growth mixture
modeling (GMM) is a systematic, data-driven approach that utilizes symptom severity
measures from all available time points to identify distinct trajectories of response; cluster
analytic features are incorporated into GMM to reveal latent “classes” or patterns of change
in symptom severity over time (Muthén & Asparouhouv, 2009; Muthén & Shedden, 1999).
Such techniques have been successfully applied to longitudinal data to identify response
patterns of clinical relevance during pharmacotherapy interventions in MDD (Gueorguieva
et al., 2011; Hunter et al., 2010; Muthén et al., 2011; Power et al., 2012; Uher et al., 2009;
Uher et al., 2010; Uher et al., 2011).

GMM was recently applied to data from the Sequenced Treatment Alternatives to Relieve
Depression trial (STAR*D) (Trivedi et al., 2006), a large open-label multi-site study that,
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because of its size and inclusion of “real world” patients, is especially well suited to this
technique. Analyses that examined all available scores on the 16-item clinician-rated Quick
Inventory of Depressive Symptoms (QIDS-C) (Rush et al., 2003b) obtained at baseline and
over 12 weeks during Level 1 treatment with citalopram yielded fundamental trajectory
shapes providing evidence of four classes: ‘non-responders’; ‘partial improvers’; ‘sustained
responders’ (SUS) showing monotonic improvement culminating in response at week 12;
and ‘unsustained responders’ (UNS), showing U-shaped response-level improvement by
week 6 but with a return of baseline-level symptoms by week 12 (Figure 1) (Muthén et al.,
2011). SUS and UNS responder class sizes ranged from 32% to 45%, and 6% to19%,
respectively, depending on the model (Muthén et al., 2011).

We hypothesize that sustained and unsustained response trajectories represent biologically
distinct types of response to antidepressants. To test this hypothesis, we conducted a
genomewide association study (GWAS) contrasting STAR*D subjects in SUS versus UNS
response trajectory classes to determine whether common DNA variation determines
durability of response to antidepressant treatment. Identification of individuals unlikely to
sustain antidepressant response would have great clinical utility, providing incentive for
aggressive optimization of treatment in susceptible individuals.

METHODS and MATERIALS
Overview

GWAS was conducted in the STAR*D dataset to test for association between single-locus
SNP variants and durability of response (‘sustained’ versus ‘unsustained’ response class
outcomes defined using GMM). SNPs with the strongest association were then examined
prospectively for replication in subjects from the Genome-based Therapeutic Drugs for
Depression (GENDEP) study. Secondary, gene-based analyses were conducted to determine
the association between combined effects of SNPs within individual genes and response
durability. A third, exploratory level of analysis examined: 1) the combined effects of SNPs
in functionally related genes i.e., ‘gene set enrichment analysis,’ and 2) aggregate effects of
SNPs (across genes) found in our STAR*D GWAS to have the strongest statistical
association with the sustained-unsustained response phenotype, i.e., ‘SNP profile scoring’
analysis. This scoring algorithm was then tested in the GENDEP sample.

Subjects - STAR*D-based Analysis
STAR*D enrolled treatment-seeking adults from primary care and psychiatric outpatient
settings across the United States, meeting DSM-IV criteria for non-psychotic MDD and
having a score ≥ 14 on the 17-item Hamilton Depression Rating Scale (HAM-D). Included
were subjects having psychiatric and other medical comorbidities other than those which
were either contraindicated by the protocol medications (e.g. bulimia nervosa), or would
specify alternative treatment (e.g. primary obsessive compulsive disorder). Enrollees had a
mean entry score >21 on the HAM-D indicating moderate to severe depression (Trivedi et
al., 2006). In Level 1, all subjects received flexible, manualized, measurement-based
treatment with citalopram (60 mg./day maximum final dose) for up to 14 weeks based upon
clinical response and side effects evaluated at weeks 2, 4, 6, 9, and 12. Patient care and
evaluation were coordinated through investigators at 14 Regional Centers who provided
protocol implementation oversight. Details of the STAR*D trial design and conduct (Fava et
al., 2003; Rush et al., 2003a; Trivedi et al., 2006) have been described elsewhere. DNA
samples were collected according to the STAR*D protocol as described previously (Kraft et
al., 2007).
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Response trajectory classes in STAR*D were generated using GMM analysis (Mplus
version 5.21) applied to all available scores on the QIDS-C obtained at baseline and at
weeks 2,4,6, 9, and 12 during Level 1 treatment with citalopram (Muthén et al., 2011). The
NMAR models of Muthén et al. (2011) give different results from modeling under MAR.
Whereas the NMAR models cannot be compared statistically, three of the four NMAR
models give similar results, thereby supporting each other (Supplemental Table 1). The
Muthén-Roy model is the preferred model due to its performance when using an auxiliary
distal outcome (Muthén et al., 2011); however, the Roy model (Figure 1) is chosen here
because it is easier to work with and gives results similar to those of the Muthén-Roy model.
Of 1,491 genotyped subjects in STAR*D, the 4-class Roy model identified 869 (43%) with
SUS response, and 247 (18%) with UNS response (Supplemental Table 2). Mplus scripts for
this model are available at: http://www.statmodel.com/examples/stard/run5.out. Regarding
self-determined ethnic/racial identity, we analyzed 774 Non-Hispanic Caucasians (69.4%),
122 Hispanic Caucasians (10.9%), 145 Non-Hispanic African-Americans (13.0%), 4
Hispanic African-Americans (0.4%), 16 Asians (1.4%), and 55 “other” (4.9%). The “other”
category included subjects reporting “multi-racial” (n=39), as well as a small number
reporting Native American, Pacific Islander, or unspecified race and ethnicity.

Genotyping - STAR*D-based Analysis
STAR*D samples were genotyped and quality control procedures applied as described more
fully elsewhere (Garriock et al., 2010). Two platforms were used for genotyping, the
Affymetrix Human Mapping 500K Array Set (Affymetrix, South San Francisco, CA) and
the Affymetrix Genome-Wide Human SNP Array (5.0). Samples run on the 500K Array
were called using the Bayesian Robust Linear Model with Mahalanobis distance classifier
(BRLMM) algorithm, while those analyzed on the 5.0 Array were called using the
BRLMM-P algorithm. SNPs with minor allele frequencies less than 0.01 (n = 10,792) or
with a call rate less than 95% (n = 42,908) were removed. After applying quality controls,
430,198 SNPs were subject to analysis. Individuals were excluded from analysis if they had
more than 5% of their genotypes missing or were cryptically related to others in the sample,
as determined using the IBS metric tabulated in PLINK v1.04 (Purcell et al., 2007).

Population Stratification in STAR*D
As in previous work with this dataset (Garriock et al., 2010), variation in subject ancestry
was addressed using multidimensional scaling (MDS), a multivariate method to form a
linear combination summary of rare SNP alleles. A total of 205,598 independent SNPs were
used in the MDS analysis, with independence being determined with the “— indep” function
in PLINK as previously described (Garriock et al., 2010). Each of 10 MDS values for each
individual was tested for association to the tested phenotype; and only one was found to be
associated, and thus retained as a covariate for analysis. The first two MDS vectors
correlated with continental ancestry, as shown in Supplemental Figure 1.

Statistical Analyses- STAR*D Subjects
Genetic Association—Statistical analyses were conducted using PLINK v1.07.SNPs
were tested for association with clinical outcome (SUS vs. UNS) using logistic regression.
Covariates were medication tolerability (a STAR*D phenotype), gender, and an MDS-based
measure of ancestry (Supplemental Table 2). The minor allele homozygous genotype served
as the reference group, and each SNP was modeled in individuals as having a log-additive
effect, after adjusting for the 3 covariates mentioned above. Genome-wide significance was
set at 1.16 × 10-7, representing a Bonferroni correction for 430,198 SNPs. Statistical power
was estimated using Quanto (Gauderman, 2002) with parameters set at: alpha = 1.16 × 10-7,
risk of belonging to the UNS response (0.23) group, 1-β = 0.8, log additive model, and
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minor allele frequency of 0.25. For the SUS response phenotype, the genotypic relative risk
that could be detected at 80% power was 1.97.

Subjects - GENDEP-based analysis
GENDEP incorporated treatment-seeking adults of white European ancestry with an
ICD-10/DSM-IV diagnosis of major depressive disorder and currently in a moderate-to-
severe depressive episode, treated across 9 European centres (in Belgium, Croatia, Denmark,
Germany, Italy, Poland, Slovenia and the UK). Diagnosis was established using the
Schedules for Clinical Assessment in Neuropsychiatry (SCAN) interview and the study
excluded those with a personal or family history of bipolar affective disorder, mood-
incongruent psychotic symptoms or active substance dependence. Depression severity was
assessed at recruitment and in weekly intervals over the 12 weeks of treatment with the 10-
item Montgomery-Åsberg Depression Rating Scale (MADRS), rated by trained psychiatrists
and psychologists with excellent inter-rater reliability (Uher et al., 2008). GENDEP was
part-randomised with patients with no contraindications allocated randomly to receive either
escitalopram or nortriptyline. If an individual had a known contraindication or a history of
side effects to one drug, they were non-randomly allocated to the other. This resulted in 473
randomly allocated and 325 non-randomly allocated subjects (overall 56% on escitalopram).
Full details of this study have been described elsewhere (Uher et al., 2009; Uher et al.,
2010). The GENDEP project was approved by ethics boards of participating centers, and all
participants provided written informed consent. The present replication sample consisted of
798 individuals (502 females) with post baseline data allowing for trajectory analysis.

Modeling of SUS vs. UNS response classes was performed within Mplus (version 6) using a
procedure identical to that used in the STAR*D sample, with the Bayesian Information
Criterion (BIC) used to establish the best fitting model (Muthén et al., 2011; Power et al.,
2012). The results of trajectory modeling in GENDEP are summarized in Supplemental
Table 3, Supplemental Figure 3, and are further described in a separate publication (Power
et al., 2012). The 5 and 6 class Muthen-Roy models were found to have the best fits
(difference in BIC score<2). The 6-class model was chosen for the replication analysis as it
provided more distinct response patterns and was comparable to the STAR*D trajectories;
this model identified 394 (49%) GENDEP subjects with SUS response, and 191 (24%) with
UNS response.

Genotyping in GENDEP
Blood-derived DNA was genotyped at the Centre National de Genotypage (Evry Cedex,
France) on the Illumina Human610-quad bead chip (Illumina, Inc., San Diego), as
previously described (Uher et al., 2010).

Data analysis in GENDEP
Quality control procedures were carried out as previously reported (Uher et al., 2009). A
minor allele frequency >0.01, individual genotype completeness above 95%, and SNP
genotype completeness above 99% was required for inclusion. Association was corrected for
the first five principal components to ensure that results were not confounded by population
stratification. Analysis was restricted to the top 25 SNPs associated with transient
responders in the STAR*D dataset. Using a reference sample of Europeans (CEU) from
phase 3 of the HapMap Project (Altshuler et al., 2010), missing genotyped SNPs were
imputed using BEAGLE 3.3. Analysis of association was carried out in PLINK (Purcell et
al., 2007) comparing SUS to UNS responders. This used an additive genetic model, where
the effect of a risk allele is presumed to increase in proportion to the number of risk alleles
the individual has for that SNP. The first five ancestry-informative principal components
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were used as covariates to address population stratification, as in the original analysis of this
data set.

Replication and Joint analysis
In order to test for replication of the STAR*D findings, we identified 18 SNPs in the
GENDEP dataset that were genotyped or imputed that corresponded with our top 25
STAR*D results. We considered a positive replication a finding in which the direction of
effect between studies was identical, and where the GENDEP p-value met a p-value of
0.003, correcting for 18 tests. We carried a sign test to test the hypothesis that the direction
of associations between STAR*D and GENDEP were concordant. We also sought to
combine these analyses, and we examined these same 18 SNPs from the STAR*D GWAS
and GENDEP replication and analyzed them in MetaP, a program that performs a weighted
z meta-analysis by combining p-values from independent studies, while taking account of
sample sizes and effect directions (Software: MetaP; Author: DongliangGe; URL: http://
www.svaproject.org/metap.php). We utilized the Stouffer's z trend test, as it considers the p-
values, sample sizes, and directions of effect for the analysis.

Gene-based analysis
We carried out a secondary analysis in STAR*D focusing on the gene as the basis of
association. We implemented an approach where association between our response
phenotype and all SNPs within each gene was examined. The program VEGAS (Liu et al.,
2010) generates a test statistic that incorporates the effect of every genotyped SNP in a gene
after adjusting for linkage disequilibrium (LD). SNPs are binned into as many as 17,787
gene sets when they are in genes or within 50kb of genes. LD information from HapMap
samples is used for simulation of LD in the samples under study. Up to 1 million simulations
are carried out adaptively from a multivariate normal distribution. A p-value threshold of
2.86 × 10-6 was used to determine significance.

Exploratory Methods
Gene enrichment analysis—To complement our analyses, we utilized a web-based
program, i-GSEA4GWAS, accessible online at http://gsea4gwas.psych.ac.cn/ (Zhang et al.,
2010), for identification of pathways associated with our phenotype in a gene set enrichment
analysis that employs SNP label permutation and Kolmogorov-Smirnov-like statistical
analysis. This in an empirical data-driven approach wherein each gene +/- the surrounding
100 kb is represented by its most significant SNP p-value and then ranked against all other
genes from most to least significant. A ‘significance proportion-based enrichment score’ is
then calculated based on the cumulative significance of groups of genes belonging to a
common pathway. This algorithm considers proportions (rather than raw numbers) of genes
in gene sets crossing a threshold for statistical significance to normalize for gene sets with
disparate numbers of member genes. The algorithm generates an associated p-value and
false discovery rate (FDR), with FDR values ≤0.05 denoting high confidence. We
interrogated the canonical pathways, which are derived from the Molecular Signatures
Database (MSigDB, v2.5) (Subramanian et al., 2005).

SNP profile scoring—In order to explore the hypothesis that our chosen phenotypes are
influenced in aggregate by multiple common variants with weak effects, we used a SNP
scoring routine in PLINK (‘--score’ command) to generate allelic scoring profiles for our
response phenotype based on top results in the STAR*D analysis (i.e., SNPs with p ≤ 0.001,
0.01, 0.1, 0.2, 0.3, 0.4, and 0.5). These profiles referenced a given allele and a log10 of the
odds ratio (OR) for each of the top SNPs. Each individual for the corresponding analysis in
GENDEP was then scored using these profiles. Scores were computed as sums across SNPs
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of numbers of tested alleles present (0, 1, or 2) multiplied by the log10 OR for that SNP in
the corresponding STAR*D dataset to weigh strength of the association. Only uncorrelated
SNPs (intermarker r2< 0.25) were included. Logistic regression analyses were run in
STATA v.9.2 (Statacorp, College Station, TX) using GENDEP response phenotype as the
dependent variable and SNP score as the independent variable. The pseudo r-square from
the logistic regression was used to estimate the proportion of additional variance explained
when the polygenic scores were included into the model, compared to a model consisting
only of covariates (the first five ancestry-informative principal components).

RESULTS
STAR*D Clinical and Demographic Features

A total of 1,116 subjects from STAR*D were analyzed (Supplemental Table 2). There were
869 subjects who were classified as SUS, while there were 247 subjects who were classified
as UNS using our GMM algorithm. These latter subjects are described by a pattern of initial
response to treatment with return of symptoms over time. Clinical and demographic
variables were tested for association with the sustained response phenotype. Those that were
associated with the sustained response pattern at a nominal level (p<0.05) were male gender,
drug intolerance, and the 8th MDS vector. Interestingly, age, baseline severity, and race/
ethnicity (as measured by the first several MDS vectors), were not associated with the
response phenotype (Supplemental Table 2).

Genetic Association Results - STAR*D
Table 1 shows p-values, odds ratios (ORs) and 95% confidence intervals (CIs) for the top 25
SNPs in the GWAS analysis. Among these SNPs, 14 occurred in the intronic regions of 12
genes. The strongest finding involved intronic SNPs in the gene encoding acyl-CoA
synthetase short-chain family member 3 (ACSS3), a mitochondrial enzyme predicted to
generate acetyl-CoA for energy generation (Figure 2). The odds ratios for the associated
SNPs in the area were 0.61-0.62, indicating that the minor allele increased risk of UNS
pattern. No SNP met our threshold for genome-wide significance. Notable genes among the
most associated regions include SEMA5A (rs448038, p = 2.23 × 10-5, odds ratio = 2.82),
encoding semaphorin 5a, which was also found to be associated with autism in a GWAS
(Weiss et al., 2009). The axonal guidance properties of semaphorin 5a are regulated in part
by chondroitin sulfate proteoglycans (Kantor et al., 2004), whose synthesis are initiated by
the enzyme encoded by CSGALNACT1, a gene also showing association in our sample
(rs7816924, p = 7.72 × 10-6, odds ratio = 2.14). Other genes of interest include the thyroid
stimulating hormone receptor (TSHR), thyrotropin-releasing hormone degrading enzyme
(TRHDE), fibroblast growth factor 14 (FGF14), the SORCS 2 receptor (SORCS2), and the
amyloid beta A4 protein isoform a precursor (APP).

GENDEP Clinical and Demographic Features
Of the 798 individuals with post-baseline data, 192 were classified as UNS while 394 were
classified as SUS (see Supplementary Figure 2). Demographic and clinical variables were
tested for association with response class. SUS and UNS subjects did not differ on age or
gender. UNS was more common during treatment with escitalopram than with nortriptyline
and in subjects with more severe depression at baseline (both p<0.01), as has been described
previously (Power et al., 2012).

Genetic Association Replication in GENDEP
Of the top 25 SNPs in the STAR*D analysis, 18 had genotyped or imputed data that passed
quality control requirements in GENDEP. Five SNPs could not be assessed due to
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frequencies of 1 or less (likely due to greater historical mixed ancestry in the US compared
to Europe), and two could not be imputed at the threshold level we used for analysis. Two
SNPs in the replication sample were associated with unsustained vs. sustained response at
nominal significance (see Table 2). The strongest association was with rs7816924 on
chromosome 8; this association was in the same direction as that in STAR*D with an OR of
1.58 (p=0.008), just below the level needed when correction for multiple testing was applied
(p=0.003).

Pooled Results
We carried out a combined analysis of the 18 SNPs in STAR*D and GENDEP using p-
values from independent studies that account for the impact of sample sizes and directions
of effect. None of the variants met genome-wide significance. In this joint analysis, the
strongest genetic association with sustained versus unsustained response was with the minor
allele of SNP rs7816924 in the CSGALNACT1 gene (p = 2.11 × 10-7) (Table 2). We tested
whether the findings for the two studies were concordant in direction of effect more often
than expected by chance. A sign test suggested a significant difference (15 concordant and 3
non-concordant pairs, p = 0.008).

Gene-based analysis
We sought to determine if there were genes showing excess association signals even when
taking into account the level of inter-SNP LD and gene size. In our gene-based test using
VEGAS software, seven genes in three regions showed genome-wide significance
(Supplemental Table 5; Supplemental Figure 3). Because the genes in each of the regions
were in close proximity to another, it is possible that some SNPs (which were counted if
they were within 50kb of a gene) were being used for more than one gene to assess the gene-
based statistic.

Exploratory Results
Genetic pathway analysis—In this and the following section, we carried out additional
analyses to expand the scope of our GWAS and gene-based analysis. Because typical
GWAS and gene-based analyses emphasize the most statistically significant individual
variants, or genes, respectively, there is often less focus in complex traits on the combined
effects of SNPs in functionally related genes. Recognizing this limitation, we sought to
identify sets of genes and functional pathways enriched for stronger association signals than
one would expect by chance. We utilized the web-based utility i-GSEA4GWAS for a gene
set enrichment analysis and filtered the results for items with a false-discovery rate (FDR) ≤
0.05. The canonical pathways which performed most strongly in the GWAS of unsustained
responders versus sustained responders included: Alzheimer's disease, type I diabetes
mellitus, the tumor necrosis factor pathway, antigen processing and presentation, long term
potentiation, the mPR pathway, WNT signaling, and the GAQ pathway. Genes near SNPs
with nominal association in the GWAS are shown in Supplemental Table 4 For example, we
found that SNPs were nominally associated with our phenotype in 32 of 54 of the genes with
testable variants in the KEGG long term potentiation pathway, including CACNA1C,
GRM1, GRM5, GRIA1, GRIN2A, GRIN2B, GRIN2C, PRKACG, and PRKCA (FDR =
0.02).

Polygenic profile analysis—The risk score models in STAR*D included: 84,186 SNPs
with p≤ 0.5, 70,373 SNPs with p≤ 0.4, 55,143 SNPs with p≤ 0.3,38,521 SNPs with p≤ 0.2,
20,213 SNPs with p ≤ 0.1, 2,091 SNPs with p ≤ 0.01, and 182 SNPs with p ≤ 0.001. Risk
score models developed in STAR*D did not significantly predict the sustained response
phenotype in GENDEP (Table 3).
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DISCUSSION
We carried out a GWAS to address the hypothesis that DNA variation influences a pattern
of unsustained as compared to sustained antidepressant response in individuals with unipolar
major depression in the STAR*D sample. Our strongest finding involved ACSS3, a gene not
previously linked with antidepressant biology. The risk allele increased the likelihood of the
unsustained response. There is no overlap between the top findings from this analysis and
our previous GWAS of citalopram response in the STAR*D sample (Garriock et al., 2010),
suggesting that our approach is not simply differentiating responders from non-responders as
identified using a primary clinical endpoint. Instead, by comparing response trajectory
phenotypes, we may be identifying genetic determinants of a subset of drug response that is
unsustained over the first several months of treatment. There were no strong clinical or
demographic predictors separating sustained responders from unsustained responders.

The results summarized here may identify new genes or pathways related to clinically useful
patterns of response, although the lack of genome-wide significance renders any speculation
premature. Our attempt to replicate the very top findings from our GWAS in an independent
sample yielded no significant finding given the number of SNPs tested in the GENDEP
dataset. A joint analysis of the two samples using 18 of the top STAR*D SNPs that could be
genotyped or imputed in GENDEP provided modest additional support for the ACSS3
SNPs, while showing increasing support for a SNP in CSGALNACT1. Regarding
CSGALNACT1, it may be of interest to note that in a previous GWAS in GENDEP, the
strongest reported association with antidepressant response (to nortriptyline) was with a SNP
in another chondroitin sulfate related gene, uronyl 2-sulfotransferase (UST) (Uher et al.,
2010). While chondroitin sulfate has a well established role in the skeletal system (cf
Vangsness 2009 PMID 19111223), there is evidence that it may also play a regulatory role
in neuroplasticity, regeneration, and brain development processes (Galtrey and Fawcett,
2007; Orlando et al., 2012). In a murine knock-out model, the absence of CSGALNACT1
has been reported to alter cortical thickness, potentially by altering cell migration patterns
(Onaga et al., 2010). Similarly, variants in the KEGG long-term potentiation pathway have
been linked to neurodegenerative disorders where depressive symptoms are common
(Ramanan et al., 2012; Botta-Orfila et al., 2012) and preliminarily to primary affective
disorders (Kao et al., 2012).

Limitations of using the STAR*D sample for genetic studies have been extensively
discussed (Garriock et al., 2010; Kraft et al., 2007; Laje et al., 2009), with the most relevant
involving the lack of a placebo arm, inadequate measures of drug adherence, and
stratification due to the multiethnic nature of the sample. We have addressed the last issue
by controlling for population structure by incorporating covariates in the analysis derived
from estimates of genetic ancestry. Interestingly, major ancestry vectors were not associated
with the response phenotype, unlike in our previous studies of general response or remission
on citalopram (Garriock et al., 2010). Our genomic inflation factor (1.0, mean chi-squared =
0.96) suggests no systematic inflation of statistics that would be expected by hidden
population structure. Post-hoc analysis of the largest sub-group, non-Hispanic Whites
(n=774), did not provide stronger results.

Our sample was only large enough to detect genotypic relative risks in the range of 2.0 or
greater, and we observed findings with odds ratios in the range of 0.20-0.64 for protective
alleles and 1.62-2.82 for risk alleles. Given the limited power, further meta- or mega-
analysis (Ripke et al., 2012) of all available samples with similar pharmacogenetic
phenotypes will be required before any definitive conclusions can be generated. Similarly,
while our data could be construed as not supporting the role of common genetic variation in
antidepressant response durability, this conclusion may be premature. We found that the
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direction of effect was concordant between STAR*D and GENDEP significantly more often
than expected, suggesting that our lack of genome-wide significance may be related to the
limited sample sizes. It is possible that larger samples may detect true risk alleles of small
effect, but still of scientific interest. It is also possible that higher density genotyping of
common alleles not covered by our genotyping platform would uncover missed associations.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Estimated mean QIDS-C scores (y-axis) across 12 weeks of citalopram treatment (x-axis)
for four classes of subjects in STAR*D2.
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Figure 2.
SNPs in the in the region of the acyl-CoA synthetase short-chain family member 3 (ACSS3).
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Table 3

Polygenic scoring in GENDEP from STAR*D SNP profiling.

SNP threshold Coef P R squared explained

0.001 0.035 0.41 0.001

0.01 -0.004 0.79 0.0001

0.1 -0.002 0.74 0.0002

0.2 0.007 0.23 0.003

0.3 0.004 0.42 0.001

0.4 0.006 0.31 0.002

0.5 0.004 0.46 0.001
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