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The Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) study was a large clinical trial designed to address the
question of the best treatment strategy once a standard first-line
pharmaceutical treatment failed for a patient with major depressive
disorder (MDD). For STAR*D, the initial treatment for all subjects
was citalopram. The trial enrolled over 4,000 subjects, and 1,953
donated DNA for genetic analyses. The key clinical results of this
study have been published and reviewed.!

In a series of ancillary studies to STAR*D, several research groups
have analyzed the available DNA samples and the corresponding out-
come measures from the STAR*D trial in hopes of obtaining insight
into the genetic susceptibility to treatment response, the mechanism
of antidepressant action, and a number of other research interests.
This brief 2-part review highlights the results related to the genetic
findings of STAR*D, with focus on the phenotype of remission and
adverse side effects including suicide and sexual dysfunction. The
well-known serotonin transporter gene will be covered in the first
part, and other candidate gene studies, studies of side effects, and
future directions for genetic research in the STAR*D sample will be
addressed in the second part.

Genetic Association Studies

For all of the studies described below, several principles apply that
may be useful to review. Genetic association studies seek to deter-
mine if the frequency of an allele at a genetic locus is correlated with
the phenotype of interest. If the allele is enriched in cases (those with
the phenotype) compared to control subjects at a level that is not
likely due to chance, it is considered a risk allele. If the allele under
study is enriched in controls compared to cases, it is considered a
“protective” allele in that its presence reduces the risk of having the
phenotype of interest. For most recent genetic association studies,
the loci being studied are single nucleotide polymorphisms (SNPs),
which are the most common form of genetic variation in the human
genome and consist of having one of (usually) 2 alternate states at a
particular base in the genome. The studies reviewed in this article
primarily focus on SNPs that do not necessarily lead to a functional
alteration in any gene product—they are simply representing (or
“tagging”) genetic variation in or around genes of interest. In general,
the studies described rely on a dichotomous definition of antidepres-
sant response. For example, most studies utilized a remission phe-
notype in which subjects categorized as remitters had a final score
of <5 on a self-rated or clinician-rated instrument called the Quick
Inventory of Depressive Symptomatology (QIDS)” after a specified
minimal treatment duration (eg, 6 weeks). Nonremitters would be
categorized as those with scores> 5. Challenges to the data analysis
present in the STAR*D sample will be discussed in part 2.

The Serotonin Transporter

The gene most studied in reference to antidepressant response is
the serotonin transporter gene (SLC6A4). The gene product (SERT)
is responsible for trafficking serotonin back into the presynaptic
neuron and thus ending the serotonin signaling cycle. Selective
serotonin reuptake inhibitors (SSRIs) affect the serotonin system by
blocking the reuptake of serotonin back into the neuron, by inter-
acting with the serotonin transporter and resulting in more sero-
tonin in the synapse. The mechanism by which this occurs is still
unclear. The 43 base pair promoter insertion/deletion in SLC6A4
(serotonin transporter linked polymorphic region: 5-HTTLPR) was
shown to have differential effects on activity; the long (L; inserted)
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allele is more transcriptionally active than the short (S; deleted) allele.’
Some studies question whether this is relevant to human brain tissue.*
Altering serotonin levels, typically by use of SSRIs, is speculated as
the proximal mechanism underlying therapeutic alleviation of some
MDD symptoms. It would be fitting to have DNA variation in this
gene associated with antidepressant response, given these biologic
considerations. A number of small studies suggest that this might be
the case.” However, given the data to date in STAR*D, this appears
not to be the case.

SLC6A4 and Remission

Four research groups have addressed the association between
genetic variation and MDD remission in response to treatment with
citalopram using the STAR*D sample.*” Several points should be
noted from these studies as a whole: (1) when all studies are consid-
ered together, the gene is well covered in terms of genomic coverage;
(2) there is an overall lack of association between this gene and citalo-
pram remission; and (3) these studies have their differences, which
quite likely contribute to their discordant findings (see discussion
below). Two studies” performed novel SNP detection through direct
DNA sequencing, which resulted in wider coverage than the promoter
area of the gene (Figure 1). When these new SNPs were tested for
association with citalopram remission, no association was detected.
McMahon et al® studied 5 SNPs in the SLC6A4 gene and found no
association with remission. None of the studies found association
between the SLC6A4 variants and remission in the African American
subset of STAR*D. This may be due to dramatically reduced statistical
power for detecting association in the small African American seg-
ment of the sample; thus, a conclusive comment cannot be made until
a much larger African American sample is analyzed.

Three groups’™ assessed association of 2 polymorphisms, the pro-
moter ins/del and rs25531 A/G SNP, with remission status. This latter
variant has gained interest due to its potential functional effect on
gene function in biochemical and cellular assays. One group utilized
a composite “triallelic” genotype of these 2 variants,® while the other
two groups examined haplotypes of these 2 variants in exploratory
analyses.”® These studies show some variation in terms of phenotype
definition and ethnicities analyzed. Similarities include requiring a
6-week participation in the study and no adjustment for ethnicity
aside from stratified analyses for each self-reported ethnic group. The
one study’ that did find evidence of association between remission
and 5-HTTLPR found it among non-Hispanic Caucasians only. The
same study found associations between remission and a haplotype of
5-HTTLPR, rs25531, and a variable number tandem repeat (VNTR) in
intron 2. The main finding was association between the intron 2 VNTR
and remission: non-Hispanic Caucasians without the 12/12 genotype
are more likely to achieve remission (P=.02, P_..c.s=-07). None of
the studies found associations between remission and the rs25531 A/G
SNP alone in any of the STAR*D populations analyzed.

What underlies the differences between studies that use the same
study samples and same polymorphisms? Potential reasons for dis-
cordance in results are outlined in Table 1 and include (1) differences
in phenotypic definition; (2) ethnic composition of sample (eg, con-
sideration of Hispanic background, or samples analyzed together
or separately); and (3) choice of assessment tool (clinician- vs self-
rated QIDS). The correlation between remission definitions based
on the self-report QIDS and the clinician-report QIDS is quite high
(r*=0.88); therefore, the assessment tool used to define remission
status does not add significantly to the discrepant findings between
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Table 1. Comparison of 3 Studies Investigating the Association Between Remission and 2 Polymorphisms in the SLC6A44 Gene:

Promoter ins/del and rs25531°

Baseline
No. of Remitters Remission QIDS Adherence/
Study vs No. of Controls  Definition Requirement ~ Compliance® Ethnicity Other Exclusions Results
Kraftetal) 826 vs 669 QIDS-SR None None Caucasian, African None No association in any analysis
2007 nonresponders score<5 at American with remission
study exit
Huetal?® 683 vs 664 QIDS-Cy¢ QIDS-Cy¢ Excluded Caucasian non- Final QIDS-C s score  No association in any analysis
2007 nonremitters score<5 at score>10 nonadherent  Hispanic, African 6-9; intolerant and with remission
last treatment individuals American “probably intolerant”
visit were excluded from
nonremitter group
Mrazek etal” 679 vs 815 QIDS-Cy¢ QIDS-Cy4 Excluded Caucasian non- None; included Among Caucasian non-
2009 nonremitters® score<5at score>10 nonadherent Hispanic, Caucasian ~ temporarily remitters Hispanics only: ins/del:
last treatment individuals Hispanic, African without maintained P reciea=-024; no association
visit American response as with SNP; S-A-12 haplotype:

nonremitters Pyopa=-04

“McMahon et al® not included, since it did not include 5-HTTLPR or rs25531.

"As determined from global rating of compliance.

‘Number determined from data provided in Table 4 of Mrazek et al’ for promoter insertion/deletion. Numbers are similar for rs25531.
Abbreviations: QIDS-C = Quick Inventory of Depressive Symptomatology-Clinician Rated, QIDS-SR = Quick Inventory of Depressive Symptomatology-

Self Rated, SNP =single nucleotide polymorphism.

Figure 1. SLC6A4 (serotonin transporter gene)
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Black rectangles are non—codmg exons, and gray rectangles are coding
exons. Exons 2, 6, and 11 are indicated. Polymorphisms analyzed by
STAR*D researchers are indicated by arrows. The polymorphisms
of interest are the rs25531 single nucleotide polymorphism (SNP)
(analyzed by Mrazek et al’, Kraft et al,” and Hu et al®), the promoter
insertion/deletion (analyzed by Mrazek et al’, Kraft et al,” and Hu et
al®), and the intron 2 variable number tandem repeat (VNTR) (analyzed
by Mrazek et al’). The tally of polymorphisms analyzed, by study, is as
follows: Mrazek et al’: 19 SNPs, promoter ins/del, intron 2 VNTR; Kraft
et al”: 10 SNPs, promoter ins/del; McMahon et al®: 5 SNPs; Hu et al®:

1 SNP, promoter ins/del.
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the studies. It is reassuring to see that even when phenotype defini-
tions are quite disparate, the results are still similar, as in the case
of Kraft et al’ and Hu et al.* One reason the Kraft et al” and Mrazek
et al’ study results are different is due to the ethnic classification;
Mrazek et al considered Hispanic background among Caucasians,
and Kraft et al did not. Hu et al® examined Hispanic ethnicity on the
same polymorphisms in question and found similar results to Kraft
et al,” concluding that the ethnic stratification was not a likely factor
for differential results.

The Mrazek et al’ study did have a larger group of nonremitters
compared to the Kraft et al’” and Hu et al® studies, both of which
removed subjects who may have shown a clinical response, but not
enough to attain remission. In fact, Mrazek et al is the only study of the
group that had more nonremitters than remitters in their analysis.

These subtle phenotype definition differences quite likely contrib-
ute to the difference in study results. In aggregate, these results show
that SLC6A4, while an obvious candidate for a genetic connection to
SSRI response, is not associated with any efficacy phenotype in a large
North American sample of individuals with MDD that is most likely
to resemble patients seen in typical psychiatric practice. This observa-
tion is consistent with recent findings from a sample of 795 subjects
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from 8 European countries (Genome Based Therapeutic Drugs for
Depression [GENDEP]), treated with either escitalopram or nortrip-
tyline, in which 5-HTTLPR was associated with a best fit for response
in an interaction model with a recessive mode of inheritance (ie, S/S
vs S/L+L/L) in males treated with escitalopram (P=.027), while the
intron 2 VNTR was not associated with any response phenotype."’
Interestingly, an association (P=.049) was reported for a SNP 2,500
base pairs downstream of the 5-HTTLPR in the GENDEP sample,
although this same SNP was not associated with response (P=.83)
in Caucasians (n=1,308) in the larger STAR*D sample.’ In the next
part of this review, we will review the role that other candidate genes
play in response phenotypes in STAR*D.
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