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Objective: To determine the state of the art in
understanding the role of genetic variation in the
serotonin transporter (5-HTT) promoter region
(5-HTTLPR) in the development of a depressive
episode and in its response to treatment.

Data Sources: PubMed and Ovid were used
to search for articles published prior to December
2007 utilizing the key words serotonin trans-
porter,5-HTT, 5-HTTLPR, serotonin transporter
gene, and SLC6A4.

Study Selection: All studies were reviewed,
but case reports and small case series were
excluded.

Data Extraction: All relevant articles were
read by at least 2 of the coauthors and notes
regarding study design, measures, data analysis,
and findings were later used to construct the
review.

Data Synthesis: A common genetic variant,
the short allele, in which 44 base pairs are miss-
ing from the promoter of SLC6A4, is associated
with a greater risk for developing a major depres-
sive disorder in patients following exposure to
adversity. This association appears to be most
important in the early stages of the depressive
disorder. Additionally, the likelihood of a positive
response to antidepressant treatment may be re-
duced in these patients in terms of delayed re-
sponse, greater adverse event load, or, in bipolar
patients, mania induction and rapid cycling.

Conclusions: Selected genetic testing of
patients with a recent history of significant
adversity may be a reasonable tool that can
enlighten treatment options and the course of
illness. Ongoing work with the short allele of
5-HTT may also inform clinical guidelines of
long-term treatment with antidepressants.
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I he pathogenesis of major depressive disorder
(MDD) remains unknown, but the illness is be-

lieved to result from an interaction of genetic and envi-
ronmental factors. While environmental variables have
been investigated for many decades, contributing genetic
alterations have only recently been extensively studied.
The serotonin (5-HT) transporter (5-HTT) gene SLC6A4
has been the focus of several recent studies. The majority
of published studies suggest that subjects with genotypes
that lead to the expression of fewer 5S-HTT proteins have
an associated greater risk of developing a major de-
pressive disorder following adversity. Additionally, when
these patients are treated with a serotoninergic anti-
depressant, they may have a delayed therapeutic response
and a greater load of adverse effects than patients
with genotypes that are associated with greater 5-HTT
expression.

It is important to note that low 5-HTT expression
genotypes may have many similarities to the pharmaco-
logic blockade of these proteins with the use of 5-HT
reuptake inhibitors (SRIs). Consequently, these gene/
environment studies may also shed light on possible ef-
fects of long-term antidepressant treatments. Addition-
ally, the documentation of modulation of the course and
outcome of MDD by a genetic variant raises questions
regarding the potential of genetic testing in clinical
samples. Previous reviews have been written that have
focused on the role of early life stress'; however, this
review will provide an update of the current status of
this fast-moving area of research and will begin discus-
sions regarding questions of antidepressant treatment and
genetic testing.
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METHOD

A widespread literature review was conducted using
PubMed and Ovid databases to search for articles pub-
lished prior to December 2007 using key words serotonin
transporter, S-HTT, 5-HTTLPR, serotonin transporter
gene, and SLC6A4. All articles that discussed the long
and short polymorphism in the promoter region and were
relevant to the course and outcome of MDD (the risk of
developing a depression and its response to treatment)
were critically reviewed. Articles that dealt with polymor-
phisms of the promoter region of the serotonin transporter
were included. Other polymophisms of the reuptake
pump exist and have been associated with clinical out-
comes, but these were not included because they are less
well understood. All relevant articles were read by at least
2 of the coauthors and notes regarding study design, mea-
sures, data analysis, and findings were later used to con-
struct the review.

This is a fast-moving field, and it is expected that by
the time this review is published, additional data will have
been published.

RESULTS AND DISCUSSION

The Serotonin Transporter

The 5-HTT is a membrane protein with 12 transmem-
brane segments that is generally localized at the presynap-
tic terminals of serotoninergic neurons, and, by virtue of
binding and removing 5-HT from the synapse, is impor-
tant in terminating the neurotransmitter effect after an ac-
tion potential.>* Most effective antidepressant agents in-
hibit the action of this protein, thereby extending the
duration and potency of the 5-HT in the synapse with a
reduction of 5-HT release in the long term.** The 5-HTT
is coded for by its gene, which is categorized as the fourth
member of the solute carrier family 6 genes (SLC6A4). It
is a large gene (31 kilobases) that contains 14 exons (tran-
scribed regions)® and has been mapped to 17q11.1.°

A common polymorphism in the nontranscribed
promoter region (5-HTT-linked promoter region [5-
HTTLPR]) has been identified in human populations.’
This is a 44 base pair (bp) insertion/deletion that is re-
spectively called the long (L) and short (S) forms of
SLC6A4. The S allele is associated with nearly a 50% re-
duction in transcription of messenger ribonucleic acid and
protein of 5-HTT compared to the L allele.*'° However,
the actual function of the synthesized protein is not differ-
ent between the S or L alleles.""

In addition to the S allele, a variant of the L allele in
which an adenine has been replaced with a guanine (des-
ignated L) is also associated with reduced 5-HTT expres-
sion to a level comparable to the S allele."” In examining
effect of genotypes on the course and outcome of depres-
sion, the L allele is frequently grouped with the S allele.
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The current review will specifically outline data in which
the L allele has been examined. There is also a 17 bp
variable number tandem repeat sequence in the second in-
tron (nontranscribed portion) (VNTR-2), which also has a
low expressing allele."* However, this sequence will not
be considered in this review.

While some reports suggest that the S allele acts as a
dominant gene in terms of 5-HT protein expression,' ex-
pression of 5-HTT in S/L heterozygote individuals is ac-
tually midway between L/L and S/S subjects.'

Allele frequencies of the L and S forms vary among
different populations. The S form is relatively uncommon
among sub-Saharan African populations (11%) and in-
crease in frequency in European Caucasians (50%) and
Asians (70%).'® Aboriginal Australians (29%) and Native
Americans (35%—61%) are intermediate (Gelernter et
al.'%). These frequencies suggest differing susceptibilities
to the effects of the S allele in different ethnic groups.

Polymorphism of 5-HTTLPR and MDD

Early studies in the biology of depression have re-
ported reductions in platelet 5-HT transport and blood cell
and brain imipramine or paroxetine binding in subjects
with MDD.'*!"" And these changes now appear to be, in
part, related to the polymorphism of 5-HTTLPR.'"'?

The first association between the 5-HTTLPR and de-
pression was reported by Lesch and colleagues® (Table 1).
They examined 505 lymphoblastoid cell lines previously
collected for other protocols for which data regarding
personality testing were available (the Neuroticism Extra-
version Openness personality inventory). A significant
relationship between subjects with an S allele (either S/S
or S/L) and the neuroticism factor (which is reflective of
both anxiety and depressive symptoms and traits) was
found.® More recently, Must et al.'"® found that subjects
who are homozygous for the S allele appear to have re-
duced persistence in a psychological test that tests reward
sensitivity (the ABCD version of the lowa Gambling Test)
and are more influenced by a high immediate reward.

Subsequently, Caspi and collegues'® examined 867 in-
dividuals who had been assessed at ages 3,5, 7,9, 11, 13,
15, 18, 21, and 26 years. The study focused on stressful
life events between ages 21 and 26 years. Seventeen per-
cent reported experiencing a major depression the pre-
vious year (58% female, 42% male). For those experienc-
ing a depression, the association between stressful life
events and having an S allele (homozygous N = 147, 17%
of the population, or heterozygous N =435, 51% of the
population) was significantly greater (p =.02) than for
the L allele homozygotes (N =265, 31% of the popula-
tion).'” Homozygous S/S subjects experienced the most
depressive symptoms in the 5 years preceding their age 26
year assessment (f = 1.55, t =2.35, p =.02)."” Heterozy-
gous subjects (S/L) also experienced a significant amount
of depression (f = 1.25, t=3.66, p < .0001)." However,
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Table 1. Summary of Studies Examining the Relationship Between Depression, Depressive Symptoms, and Adversity and the

5-HTTLPR Polymorphism*

Study N Findings Implicated Alleles
Lesch et al® 505  Association with neuroticism factor (reflective of anxiety and depression) S/S and S/L
Caspi et al"? 867  Depressive symptoms associated with experience of adverse life events within last 5 years S/S>S/L
Wilhelm et al? 127  Risk of developing MDD within 5 years of an adverse life event S/S > S/L
Kendler et al®! 549  Increased risk for depression following adverse life events S

Cervilla et al?2 737  Increased risk for depression following adverse life events S

Kaufman et al** 101 Increased risk for depression following childhood maltreatment S

Steiger et al® 92 Increased risk for depression following childhood maltreatment S

Eley et al*® 377  Increased risk for depression associated with a poor family environment S

Grabe et al®’ 1005  Increased risk for depression associated with chronic disease S

Otte et al?® 557  Increased risk for depression associated with coronary artery disease S

Jarrett et al? 138  Increased risk for depression associated with irritable bowel syndrome S

Sojoberg et al* 180  Increased risk for depression associated with a variety of stressors S

Dorado et al®! 212 More common in depressed subjects than nondepressed S

Taylor et al* 118  More depressive symptoms with a history or adversity in nonclinical sample of college students S

Gonda et al*? 128  More depressive symptoms in nonclinical sample of women S

Gonda et al®** 110 No Axis I disorder but more symptoms of depression, anxiety, and irritability S

Gillespie et al*® 5265  No association with stressful life events or social adversity None

and Surtees et al*®

3All studies are retrospective in design with the exception of Caspi et al'® and Wilhelm et al

Abbreviations: L = long, MDD = major depressive disorder, S = short.

1,2 both of which collected data prospectively.

homozygous L/L subjects experienced little depression
(B=0.17, t=0.41, p=.68)."” Additionally, a history of
childhood maltreatment was associated with adult depres-
sion only if the S allele was present, with the risk highest
for the S/S homozygotes (f=0.60, z=2.31, p=.02),
high for S/L heterozygotes (f = 0.45, z=2.83, p=.01),
but very low for L/L homozygotes (f =0.01, z=0.01,
p=.99)."

Wilhelm and colleagues® replicated these results in
127 subjects (85 women, 42 men) who were originally in-
terviewed in 1978 and assessed every 5 years for 25 years.
Fifty-three (42%) experienced a major depression at some
point (mean = SD age at onset = 30.6 + 8.4 years; range,
15-50).”° The likelihood of adverse life events was the
same in patients who experienced depression (68%) as
in those who did not (68%). However, the risk for devel-
oping an MDD within 5 years of an adverse life event
was significantly greater for subjects with the S allele
(p =.036). The risk was greatest for S/S homozygous sub-
jects and increased with the number of adverse life events.
In another study,18 however, a similar, but less striking
pattern, existed for the S/L subjects. Homozygous L/L
subjects appeared to be relatively protected with a lower
likelihood of depression with increasing adverse life
events.”

Several other studies have reported similar association
of increased risk of depression in patients with the S allele
who have experienced stressful life events (N = 5497! and
N =737%), including hurricane exposure (N = 589)%;
childhood maltreatment (N = 101** and N = 92%); poor
family environment (N =377)%; chronic disease (N =
1005),” including coronary disease (N = 557)* and irri-
table bowel syndrome (N = 138)%; or various stressors
(N = 180).* In addition to the association with adversity,

Prim Care Companion J Clin Psychiatry 2009;11(3)

the S allele appears to be more common in subjects with
MDD compared to nondepressed subjects (N =70 MDD
and N = 142 non-MDD).*!

The association between a history of adversity and de-
pressive symptoms has also been described in a nonclin-
ical population. Among 118 college students or employees
(mean age, 20.6 years) without current depression or post-
traumatic stress disorder, the presence and severity of de-
pressive symptoms were significantly related to both a
history of early or recent adversity and the S/S genotype.™
Similarly, in 128 adult women without a history of de-
pression, depressive symptoms were associated with S/S
genotype.* In 110 adult women without an Axis I disor-
der, the S allele was associated with personality tempera-
ments of depression, anxiety, and irritability.34

Two large studies comprising 5265 subjects and inves-
tigating stressful life events and social adversity did not
find an association.*>*® This has led some investigators to
suggest that the positive association represents a publica-
tion bias.”” However, in some of the positive studies,'**
the study subjects were followed prospectively for over 20
years. Occurrences of childhood maltreatment or other
stressful life events were recorded as they happened, not
retrospectively as in the larger studies.”*® Additionally,
positive studies have tended to have younger patients
(generally an average age < 30 years) while negative stud-
ies tended to have older patients (average age > 33 years).
Similarly, in a study of patients with Alzheimer’s disease,
there is no association with 5-HTTLPR and depression.®
An exception of this pattern is a study by Chorbov et al.*
in which they examined young women and found that
the L, allele is associated with an increase in MDD. None-
theless, the greater weight of the data suggests that the
short allele of 5-HTTLPR may be important early in the

PSYCHIATRIST.COM 95



Luddington et al.

course of the depressive illness, and that, as the disease
progresses, other factors (e.g., kindling) may be of rela-
tively greater importance. An additional issue is the L
variant, which has not been investigated in most of the
above-referenced studies and which may reduce the appar-
ent association between the lower expressing S and L al-
leles and the higher expressing L, allele.

In addition to an association between adversity, the
S allele of the 5-HTT, and the occurrence of MDD, there
appears to be an association with the severity of depres-
sion.” Lower expressing alleles (S and L) may be respon-
sible for as much as 31% of the variance of the severity of
the depression.*!

It is not clear how the S allele may affect the biology
of stress response to increase the risk for depression. A re-
cent meta-analysis of both published and unpublished
imaging studies finds that some 10% of phenotypic vari-
ance of activation of the amygdala may be explained by
the allele.*

Surprisingly, positron emission tomography imaging of
the 5-HTT with [''C]-3-amino-4-(2 dimethylaminomethyl-
phenylsulfanyl)-benzonitrile ([''C]JDASB) finds that sub-
jects with MDD without comorbidity have a normal or el-
evated binding potential of the S-HTT compared to normal
controls. However, when MDD is associated with an-
other comorbid Axis I condition, the binding potential of
the 5-HTT is reduced compared to normal controls,* sug-
gesting that if the short form predisposes subjects to de-
pression, one would expect other Axis I disorders to also
be present. In this regard, it is important to note that the
SLC6A4 gene is not the only gene associated with adver-
sity and depression. Both catechol-O-methyltransferase*
and the cytochrome P450 allele CYP2C9*3*' have been
significantly associated with depression, adversity, and
SLC6A4.

It should be noted that most of the studies utilized the
standardized diagnostic criteria found in the Diagnostic
and Statistical Manual of Mental Disorders. However,
there are no standardized definitions of adversity, abuse, or
stress. Nonetheless, most studies that have investigated the
association of adversity and subsequent risk for depression
find that the long form of the 5-HTT increases that risk,
with the greatest liability found in homozygous S/S sub-
jects. Homozygous L/L individuals appear to be relatively
protected.

The 5-HTTLPR Polymorphism and Suicide

There appears to be a relationship between 5S-HTTLPR
polymorphism and some personality traits. For example,
anxiety,* irritability, suspicion, negativism,” and im-
pulsivity are more common in S carriers.'® Subjects who
are homozygous for the S allele are less able to delay
rewards."® This may partially underlie a propensity to-
wards alcohol dependence (odds ratio [OR] = 1.18, 95%
CI = 1.03 to 1.33).% These personality traits would appear
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to suggest an increased risk for suicidal behaviors. How-
ever, the literature regarding suicidality is clearly mixed.
Many studies of suicide attempters find no association be-
tween 5-HTTLPR and suicide attempts.”*’' Likewise,
among people with completed suicides in whom the diag-
nosis is made post mortem, there does not appear to be an
association with suicide and 5-HTTLPR.%**

Nonetheless, a sufficient number of studies do find a
relationship between suicidal ideation®* and suicide at-
tempts.””® There have been alternating reports of in-
creased association of the S alleles with violent® and non-
violent’® suicide attempts. Meta-analyses of the literature
find that there is an association between 5-HTTLPR
polymorphism and suicidality.®** Among patients who
had previously attempted suicide (N = 103), the S allele
predicted a suicide attempt within a 1-year follow-up
so that S/S individuals were 6.5 times more likely to at-
tempt again compared to L/L subjects (95% CI = 1.18 to
35.84).% However, nearly all of these studies excluded
examination of patients’ histories. When histories of
abuse or neglect are incorporated into the analyses, it ap-
pears that the risk for suicide attempts is more closely
related to childhood trauma® but may be moderated by
the S allele.®

The 5-HTTLPR Polymorphism
and Antidepressant Response

Given that 5-HTT inhibition is believed to be im-
portant for the action of most antidepressants, it is reason-
able to examine the efficacy of SRI antidepressant treat-
ments in subjects with low- and high-expressing alleles
(Table 2).

Several studies find that patients carrying the S allele
respond equally to those carrying the L but require a
longer time period. Murphy et al.*® reported a double-
blind, randomized 8-week trial of paroxetine (20—40
mg/day) versus mirtazapine (15-45 mg/day) in a sample
of 246 geriatric, depressed outpatients. Geriatric patients
with the S/S and S/L genotypes receiving paroxetine were
slower to respond, with greater depression scores at days
7 and 28 on the Geriatric Depression Scale (GDS) and
with little effect seen with mirtazapine or if depression
was measured with the Hamilton Rating Scale for Depres-
sion (HAM-D).

In another randomized, double-blind study of 96
depressed geriatric subjects, Pollock et al.” randomly
assigned patients to nortriptyline (target plasma concen-
tration, 50—150 ng/mL) or paroxetine (20-30 mg/day)
for 12 weeks. Subjects with the S allele took longer to
improve than the L/L homozygotes. Additionally, none
of the S carriers (S/S or S/L) versus 52% of the homozy-
gous L/L patients experienced a greater than 50% reduc-
tion in symptoms by the end of the second week in
the paroxetine-treated patients (p <.0001), but response
was comparable by the end of the study.”” There was no
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Table 2. Summary of Studies Examining the Relationship Between SRI Antidepressant Treatment and the
5-HTTLPR Polymorphism

Study N Design Major Findings Association
Murphy et al® 246 Double-blind, randomized 8-week trial Slower response rates to SRIs S/S and S/L
of paroxetine (2040 mg/d) in depressed geriatric patients
vs mirtazapine (1545 mg/d)
Pollock et al®’ 96 Double-blind, randomized 12-week trial Slower response rates to SRIs S/S and S/L
of nortriptyline (target plasma or tricyclics in depressed
concentration, 50-150 ng/mL) geriatric patients
vs paroxetine (20-30 mg/d)
Durham et al® 117 Double-blind, placebo-controlled, Slower response rates to SRIs S/S and S/L
8-week study of sertraline (50—100 mg/d) in depressed geriatric patients
Zanardi et al® 58 Open administration of paroxetine Reduced improvement with SRI S/S
Zanardi et al”® 155 Subanalysis of 52 patients with depression Poorer response to fluvoxamine S/S and S/L
with psychosis receiving fluvoxamine among the 52 delusional patients
(both bipolar and unipolar patients)
Yu et al”! 121 Open administration of fluoxetine to Overall no difference in remission rates, S/S and S/L
depressed patients (all Chinese) but statistically more
depressive symptoms
Kronenberg et al*® 74 Open administration of citalopram Poorer response and greater S/S
in subjects aged 7-18 y suicidal ideation
Rausch et al’? 51 Placebo-controlled study of fluoxetine Greater response and greater L/L
placebo response
Smeraldi et al”® 102 Placebo-controlled add-on study of pindolol Greater response to placebo S/L and L/L
or placebo added to fluvoxamine plus fluvoxamine, no difference
in nonresponders to fluvoxamine in response to pindolol
plus fluvoxamine
Kim et al” 120 Open administration of fluoxetine Smaller fraction of responders S/L and L/L
or paroxetine (all Korean patients)
Kang et al” 101 Open mirtazapine for 4 weeks Lesser improvement of depressive L/L
symptoms compared to those without
LL genotype
Kato et al’® 81 Open administration of fluvoxamine Lesser improvement of depressive S/L and L/L
or paroxetine (all Japanese patients) symptoms compared to those without
LL genotype
Kraft et al”’ 1914 Open citalopram for 12 weeks No difference None

Abbreviations: L = long, S = short, SRI = serotonin reuptake inhibitor.

genotype-related difference in response to nortriptyline at
any time in the study.

A double-blind, placebo-controlled, 8-week study of
sertraline (50-100 mg/day) in depressed elders (> 60
years) found that significantly more L/L patients re-
sponded by weeks 1 and 2 compared to S carriers, but
there was no difference at study end point.*®

A similar pattern is evident in younger patients. Among
58 Italian depressed patients receiving paroxetine, L/L and
L/S patients improved to a greater degree than S/S patients
by weeks 2 and 4.9

Another study of 155 TItalian depressed patients (47
with bipolar disorder, 108 with unipolar disorder) found
that among delusional patients (N = 52), subjects with any
S allele (homozygous or heterozygous) did more poorly
with fluvoxamine compared with those homozygous for
the L allele.”

A study of depressed Chinese adults (N = 121) receiv-
ing fluoxetine (20-60 mg/day) for 4 weeks found that L/L.
genotype predicted response (i.e., more responders had
this genotype), but there was no difference in the percent-
age of remitters by the end of the study period.”" Nonethe-
less, S allele carriers generally had statistically signifi-
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cantly more depressive symptoms than those who were
L/L homozygous.”"

A placebo-controlled study of fluoxetine in 51 de-
pressed adults found that L/L. homozygous subjects both
responded better to active drug and had a higher placebo-
response rate than S allele carriers.”

A blinded, placebo-controlled study of pindolol aug-
mentation in 102 patients not responding to fluvoxamine
(up to 200 mg/day) found that the L allele carriers (L/L and
S/L) had a better response to fluvoxamine plus placebo
than did S/S patients. Response to fluvoxamine plus pin-
dolol did not vary by genotype.” These studies suggest
that differences seen between the genotypes may be due
to a greater placebo response in patients with the L
5-HTTLPR allele.

Three studies with Asian populations found that pa-
tients with the S allele do better with antidepressants. A
study of a Korean patient sample found that, among 120
depressed adults receiving fluoxetine (20-50 mg/day) or
paroxetine (20—60 mg/day), subjects with the S/S geno-
type had the greatest number of responders (64.4% vs.
36.4% for other groups) and the greatest reduction in
HAM-D scores.” Another study with a Korean population
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found that when 101 depressed patients were given mir-
tazapine for 4 weeks, those with the S/S genotype im-
proved to a significantly greater degree than did those
with either the S/L or L/L genotypes.” A small study with
81 depressed Japanese patients receiving open-label
paroxetine (20—40 mg/day) or fluvoxamine (50-150 mg/
day) over 6 weeks found that S/S homozygotes had
statistically significantly greater reductions in HAM-D
scores at weeks 4 and 6 in the paroxetine arm.”

The largest study thus far was reported by Kraft et al.”’
and included 1914 subjects from the Sequenced Treat-
ment Alternatives to Relieve Depression (STAR*D)
study. Subjects were treated for 12 weeks with 20 to 60
mg/day of citalopram. Using the Quick Inventory of De-
pressive Symptomatology—Self-Report version (QIDS-
SR) to assess response, the authors found no association
between any of the 5S-HTTLPR polymorphisms and re-
sponse to citalopram. Many of these individual patients
were reported on in the 1775 subjects studied by Hu
et al.” These researchers also found no relationship
between 5-HTTLPR polymorphisms and citalopram
response.

A meta-analysis” and a mega-analysis® that did not
include the STAR*D data both found significantly poorer
antidepressant response in S/S homozygotes. Nonethe-
less, the lack of reproducibility raises doubt as to the true
association between the S-HTTLPR polymorphism and
response to SRIs. Some of the differences may be ex-
plained by high rates of S allele in Asian populations,’*’®
which may have confounded the outcome. Additionally,
the chronicity of antidepressant treatment prior to study
entry might create an important variable. Specifically,
SRI antidepressant treatment may mimic the low 5-HTT
expression of the S/S genotype. Thus, while the STAR*D
study examined nearly 2000 patients, 80% had chronic or
recurrent depression and a history of prestudy antidepres-
sant treatment,’ which may have overshadowed any
genotype-specific difference (see Theoretical Implica-
tions below). This issue may best be addressed with stud-
ies in children. In this regard, a study of 74 depressed
children and adolescents between 7 and 18 years of age
found that S/S homozygous subjects had a poorer re-
sponse to the SRI citalopram and more severe suicidal
ideation than either S/L or L/L subjects.’®

The relationship between the short and long forms of
the 5-HTT and antidepressant response is not clear. A de-
lay in response to SRI treatment appears to be associated
with the S genotype. The largest study’’ to date did not
find an association, but it included a very large fraction
of chronically or recurrently depressed subjects, which
may confound the results.

The 5-HTTLPR Polymorphism and Adverse Effects
The presence of reduced levels of 5-HTT in subjects
with the S allele may increase sensitivity to specific
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SRI-related adverse effects. Investigators have studied
antidepressant-induced mania (AIM) and general SRI-
related adverse effects.

Mundo et al.*? examined 27 bipolar disorder type I
or bipolar disorder type II patients with 1 or more prior
episodes of mania or hypomania induced by treatment
with a proserotonergic antidepressant (fluoxetine, flu-
voxamine, paroxetine, nefazodone, moclobemide, venla-
faxine, imipramine, and sertraline) and 29 bipolar (type
I or II) patients who had never experienced AIM. All
patients had received antidepressants during previous
depressive episodes. Patients who had experienced AIM
had a greater frequency of the S allele (63%) compared to
the L allele (37%). Conversely, the S allele was rare in
patients who had never experienced AIM despite antide-
pressant treatment (29%) while the L allele was common
(71%, p <.001).** Similarly, 37% of those with AIM
were S/S homozygous, while only 11% were L/L ho-
mozygous (p = .002).*

Rousseva et al.** performed a case control study of
309 bipolar subjects. While the S allele was more com-
mon in subjects with AIM, the difference was not signifi-
cant. However, there were associations with both allele
(p=.002) and genotype (p =.0009) with rapid cycling.
Specifically, individuals with a history of rapid cycling
were more likely to be S/S homozygous (58.8%) com-
pared to the L/L genotype (17.6%).

In a recent study by Masoliver et al.,** 37 of 103 bi-
polar subjects had AIM. Subjects with AIM more com-
monly had the S allele (55.4%) than the L allele (44.6%,
p=.058).%

There are no known polymorphisms of the 5-HTT, in-
cluding 5-HTTLPR, that are overrepresented in bipolar
illness.* Thus, the overrepresentation of the S allele
among subjects with rapid cycling or AIM is more likely
to be real. However, given the bias against publication of
negative studies, ongoing investigation is required to
confirm the association of the short form or 5-HTTLPR
and AIM.

Among unipolar patients, Perlis et al.* studied 36
patients with major depression treated in an outpatient
setting with fluoxetine (20—60 mg/day). Genotyping re-
vealed 9 individuals to be S/S, 16 to be L/L, and 11 were
S/L. The frequency of insomnia and agitation after treat-
ment initiation was statistically higher in S/S patients.
Seventy-eight percent of S/S patients developed insom-
nia compared to only 22% of L/L and S/L individuals
(p =.005). Likewise, 67% of S/S patients reported agi-
tation compared to only 7% of L/L and S/L subjects
(p=.001).%¢

Popp et al.®’ studied 65 patients receiving agents
with a predominant serotoninergic mechanism. Half of
patients with S/S suffered significant adverse effects,
40.0% of S/L patients had side effects, but none of the
L/L patients reported side effects (p = .002)."

1.87
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Smits et al.*® studied 214 patients receiving an SRI

for major depression for at least 6 weeks. Patients with the
S/S genotype had increased adverse effect load, with an
odds ratio of 1.77 (95% CI = 0.80 to 3.92), as did patients
with the S/L genotype, with an odds ratio of 2.37 (95%
CI=1.13 to 4.96). The adverse effects that have been
generally reported with SRIs are weight change, fatigue,
and skin reactions.

In the previously discussed geriatric study comparing
paroxetine and mirtazapine, Murphy et al.®® also reported
on adverse effects. Adverse effects among paroxetine-
treated patients with the S/S genotype included gastroin-
testinal complaints, fatigue, agitation, sweating, and diz-
ziness. As a whole, S/S genotype patients experienced
more intense side effects with paroxetine than did their
L/L counterparts. Consequently, S/S patients received
lower final doses of paroxetine and had decreased compli-
ance than L/L homozygotes.*

Similarly, the previously discussed Hu et al.”®
STAR*D study, which grouped the S allele with the low
expressing L allele in 1775 patients receiving citalopram
for depression, it was found that the high expressing L,
allele is associated with a lower adverse effect burden
(p =.007), with gastrointestinal adverse effects being the
most common.

The L genotype may predispose unipolar subjects
to more adverse effects and bipolar subjects to anti-
depressant-associated cycling, mania, or hypomania.

Alternative Treatment Strategies

If treatment with SRI agents is less than ideal for
patients with the S allele, what alternatives exist? To date,
no studies examining this question have been published,
but there are unpublished studies that begin to address this
issue.®* One study involved 146 major depression pa-
tients (from a sample of 276) who did not respond to 8
weeks of sertraline treatment and were randomly assigned
to blindly receive either sertraline plus atomoxetine (a
relatively pure norepinephrine reuptake inhibitor) or ser-
traline plus placebo for an additional 8 weeks.”' Overall,
at the final analysis there were no differences between the
2 groups (e.g., remission rate for sertraline + atomoxetine
patients was 29/72 [40.3%] and for sertraline + placebo
patients was 28/74 [37.8%], p = .87).”' However, the S/S
genotype subjects who were given sertraline + atomox-
etine had a greater rate of remission (9/11 [81.8%]) than
those who received sertraline + placebo (5/14 [35.7%],
p = .042).#**° Other genotypes (L/L or S/L) did not show
this change.

Other studies have focused on treatment-resistant
depression. Most such patients have failed treatment with
serotonergic agents. Among 50 patients with treatment-
resistant depression, augmentation of antidepressant
treatment (SRI or serotonin-norepinephrine reuptake in-
hibitor [SNRI]) with lithium was effective only in patients
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homozygous for the S allele compared to heterozygous
S/L individuals (hazard ratio [HR] =6.9, p =.005) and
homozygous L/L subjects (HR =4.5, p=.003).” Simi-
larly, in a study of 155 severely depressed patients, aug-
mentation with the pB-blocker pindolol resulted in faster
improvement, with the effect greater in subjects with the
S allele.”

These early studies suggest that S/S patients may pref-
erentially benefit from approaches that involve interven-
tions other than use of a pure SRI.

Genotype Testing

The current weight of evidence suggests that the short
form of the 5-HTT is associated with an increased risk for
the development of a depressive syndrome following ad-
versity. Additionally, these same subjects may be less
likely to respond favorably to an antidepressant. These ef-
fects appear to be most important in young patients or in
the early stages of a depressive illness. It follows that
identification of these individuals early in the course of
treatment might alter antidepressant choice and improve
outcome. In a theoretical modeling study, 64.6% of geno-
type-tested patients would be expected to be in remission
at 6 weeks compared with 60.0% who were not gene
tested.” After 12 weeks, the difference is slightly larger,
with 79.5% of those receiving dual-mechanism agents
and 83.2% of those receiving tricyclic antidepressants in
the genotyped groups being in remission compared to
76.7% of the nongenotyped group.”” This study did not
examine the cost of testing. However, additional social,
legal, and ethical issues are involved in widespread gene
testing.”* However, targeted testing may be reasonable.
This may be particularly true early in the course of the ill-
ness if there is a history of significant recent adversity,
presence of childhood abuse, or a history of inadequate
treatment response. Testing is more likely to disclose an
S allele in Caucasians of European decent or Asians than
in subjects of sub-Saharan African origins. A documenta-
tion of an S allele may provide greater understanding of
the illness to both the patient and the clinician and may
enlighten antidepressant choice.

Theoretical Implications

There is obvious similarity between the S/S 5-
HTTLPR genotype, in which subjects express half as
many 5-HTT proteins, and administration of an SRI anti-
depressant, which must inhibit 60% to 80% of 5-HTT
sites to be effective.”® Stated differently, antidepressant
treatment, particularly long-term treatment, mimics the
S/S genotype. Consequently, understanding what may oc-
cur to S/S homozygous patients may enlighten the under-
standing of long-term antidepressant treatment.

In this light, it is reasonable to expect that the charac-
teristics of the S allele—the propensity toward depression
following adversity, the possibility of poorer response to
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Table 3. Characteristics of the S Allele and Long-Term Antidepressant Treatment

Study S Allele

Long-Term Antidepressant

Souery et al’’

Solomon et al’®
Kukopulos et al”’

and Altshuler et al'® in bipolar patients

Propensity toward depression following adversity

Reduced therapeutic response to SRI
Propensity toward cycling or manic induction

High rates of treatment-resistant depression among
chronically treated patients

Antidepressant tachyphylaxis

The appearance of cycling or illness destabilization
following prolonged antidepressant treatment of
bipolar patients

Abbreviations: S = short, SRI = serotonin reuptake inhibitor.

antidepressant treatment, the propensity toward cycling
or manic induction, and the increased adverse conse-
quences—are seen in patients treated with antidepressants
over long periods of time. The possible relationship be-
tween the S allele characteristics and long-term antide-
pressant treatment are outlined in Table 3. For each
identified characteristic (with the exception of increased
adverse effects), there is an equivalent observation in
patients receiving SRI antidepressants. It is important
that the relationship of these potential adverse conse-
quences of long-term antidepressant treatment with the 5-
HTTLPR polymorphism be investigated. Additionally, it
is important to determine if phenomena such as tachyphy-
laxis or antidepressant-related cycling might be related
to chronic suppression of the 5-HTT that simulates
underexpressing genotypes.

Summary

A 44 bp deletion/insertion in the promoter region of the
5-HTT gene has been identified. A deletion of this region
(the short form, or S) is most common among Asians and
Caucasians of European descent and least frequent in sub-
Saharan Africans. Many published reports suggest that
the S allele may predispose subjects to developing major
depression following significant life adversity. While
larger studies do not replicate this observation, the differ-
ence appears to be that positive studies are predominantly
prospective and examine patients early in the course of
the depressive illness, and negative studies are retrospec-
tive and examine the illness later in life. One might con-
clude that the interaction of the S form of the 5S-HTT and
adversity may be important early in the course of major
depression. Additionally, the S allele has been associated
with a reduced likelihood of beneficial outcome with anti-
depressant treatment. This is seen both in delayed or re-
duced response rates, increased likelihood of developing
antidepressant side effects, and, in bipolar patients, mania
and rapid cycling. The inability to replicate studies find-
ing reduced response to antidepressants in larger studies
may be due to the fact that the larger studies were com-
posed mainly of patients with long histories of antidepres-
sant treatment. Additionally, several studies of eastern
Asian subjects do not find reduced likelihood for response
to antidepressants by S carriers. Long-term use of antide-
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pressants may create the physiologic equivalent of the
S allele (blockade of the 5-HTT mimics the reduced ex-
pression of the protein). There is early evidence that pa-
tients with the S/S genotype do better with SRI alternative
treatments, but this still needs to be better defined. Genetic
testing is available and may be of selected benefit, but the
value of more widespread genetic testing has not been
established.

Drug names: atomoxetine (Strattera), citalopram (Celexa and others),
fluoxetine (Prozac and others), fluvoxamine (Luvox and others), imip-
ramine (Tofranil and others), lithium (Eskalith, Lithobid, and others),
mirtazapine (Remeron and others), nortriptyline (Pamelor, Aventyl,
and others), paroxetine (Paxil, Pexeva, and others), sertraline (Zoloft
and others), venlafaxine (Effexor and others).

REFERENCES

1. Vergne DE, Nemeroff CB. The interaction of serotonin transporter gene
polymorphisms and early adverse life events on vulnerability for major
depression. Curr Psychiatry Rep 2006;8:452-457

2. Amara SG, Kuhar MJ. Neurotransmitter transporters: recent progress.
Annu Rev Neurosci 1993;16:73-93

3. Ramamoorthy S, Bauman AL, Moore KR, et al. Antidepressant- and
cocaine-sensitive human serotonin transporter: molecular cloning,
expression, and chromosomal localization. Proc Natl Acad Sci U S A
1993;90:2542-2546

4. Smith TD, Kuczenski R, George-Friedman K, et al. In vivo microdialysis
assessment of extracellular serotonin and dopamine levels in awake
monkeys during sustained fluoxetine administration. Synapse 2000;
38(4):460-470

5. Bundgaard C, Larsen F, Jgrgensen M, et al. Mechanistic model of acute
autoinhibitory feedback action after administration of SSRIs in rats:
application to escitalopram-induced effects on brain serotonin levels.
Eur J Pharm Sci 2006;29(5):394-404

6. Lesch KP, Balling U, Gross J, et al. Organisation of the human serotonin
transporter gene. J Neural Trans 1994;95:157-162

7. Heils A, Teufel A, Petri S, et al. Allelic variation of human serotonin
transporter gene expression. J Neurochem 1996;66(6):2621-2624

8. Lesch KP, Bengel D, Heils A, et al. Association of anxiety-related traits
with a polymorphism in the serotonin transporter gene regulatory region.
Science 1996;274:1527-1531

9. Bradley SL, Dodelzon K, Sandhu HK, et al. Relationship of serotonin
transporter gene polymorphisms and haplotypes to mRNA transcription.
Am J Med Genet B Neuropsychiatr Genet 2005;136(1):58-61

10. Philibert RA, Sandhu H, Hollenbeck N, et al. The relationship of SHTT
(SLC6A4) methylation and genotype on mRNA expression and liability
to major depression and alcohol dependence in subjects from the Iowa
Adoption Studies. Am J Med Genet B Neuropsychiatr Genet 2008;
147B(5):543-549

11. Greenberg BD, Tolliver TJ, Huang SJ, et al. Genetic variation in the
serotonin transporter promoter region affects serotonin uptake in human
blood platelets. Am J Med Genet 1999;88(1):83-87

12. Kaiser R, Miiller-Oerlinghausen B, Filler D, et al. Correlation between
serotonin uptake in human blood platelets with the 44-bp polymorphism

Prim Care Companion J Clin Psychiatry 2009;11(3)



and the 17-bp variable number tandem repeat of the serotonin transporter.
Am J Med Genet 2002;114(3):323-328

Genetic Variation of 5HT Transporter Promotor Region

the serotonin transporter gene is associated with affective temperaments
as measured by TEMPS-A. J Affect Disord 2006;91:125-131

13. Parsey RV, Hastings RS, Oquendo MA, et al. Effect of a triallelic func- 35. Gillespie NA, Whitfield JB, Williams B, et al. The relationship between
tional polymorphism of the serotonin-transporter-linked promoter region stressful life events, the serotonin transporter (S-HTTLPR) genotype and
on expression of serotonin transporter in the human brain. Am J Psychi- major depression. Psychol Med 2005;25:101-111
atry 2006;163(1):48-51 36. Surtees PG, Wainwright NW, Willis-Owen SA, et al. Social adversity, the

14. Hranilovic D, Stefulj J, Schwab S, et al. Serotonin transporter promoter serotonin transporter (5S-HTTLPR) polymorphism and major depressive
and intron 2 polymorphisms: relationship between allelic variants and disorder. Biol Psychiatry 2006;59(3):224-229
gene expression. Biol Psychiatry 2004;55(11):1090-1094 37. Zammit S, Owen MJ. Stressful life events, 5S-HTT genotype and risk of

15. Bradley SL, Dodelzon K, Sandhu HK, et al. Relationship of serotonin depression. Br J Psychiatry 2006;188:199-201
transporter gene polymorphisms and haplotypes to mRNA transcription. 38. Micheli D, Bonvicini C, Rocchi A, et al. No evidence for allelic associa-
Am J Med Genet B Neuropsychiatr Genet 2005;136B(1):58-61 tion of serotonin 2A receptor and transporter gene polymorphisms with

16. Gelernter J, Cubells JF, Kidd JR, et al. Population studies of polymor- depression in Alzheimer disease. J Alzheimers Dis 2006;10(4):371-378
phisms of the serotonin transporter protein gene. Am J Med Genet 1999; 39. Chorbov VM, Lobos EA, Todorov AA, et al. Relationship of 5S-HTTLPR
88(1):61-66 genotypes and depression risk in the presence of trauma in a female twin

17. Lima L, Urbina M. Serotonin transporter modulation in blood lympho- sample. Am J Med Genet B Neuropsychiatr Genet 2007;144:830-833
cytes from patients with major depression. Cell Mol Neurobiol 2002; 40. Cervilla JA, Rivera M, Molina E, et al; PREDICT Study Core Group. The
22(5-6):797-804 S-HTTLPR s/s genotype at the serotonin transporter gene (SLC6A4) in-

18. Must A, Juhdsz A, Rimandczy A, et al. Major depressive disorder, creases the risk for depression in a large cohort of primary care attendees:
serotonin transporter, and personality traits: why patients use suboptimal the PREDICT-gene study. Am J Med Genet B Neuropsychiatr Genet
decision-making strategies? J Affect Disord 2007;103:273-276 2006;141(8):912-917

19. Caspi A, Sugden K, Moffitt TE, et al. Influence of life stress on depres- 41. Zalsman G, Huang Y'Y, Oquendo MA, et al. Association of a triallelic
sion: moderation by a polymorphism in the 5-HTT gene. Science 2003; serotonin transporter gene promoter region (5S-HTTLPR) polymorphism
301:386-389 with stressful life events and severity of depression. Am J Psychiatry

20. Wilhelm K, Mitchell PB, Niven H, et al. Life events, first depression onset 2006;163(9):1588-1593
and the serotonin transporter gene. Br J Psychiatry 2006;188:210-215 42. Munafo MR, Brown SM, Hariri AR. Serotonin transporter (5-HTTLPR)

21. Kendler KS, Kuhn JW, Vittum J, et al. The interaction of stressful life genotype and amygdala activation: a meta-analysis. Biol Psychiatry
events and a serotonin transporter polymorphism in the prediction of 2008;63:852-857
episodes of major depression: a replication. Arch Gen Psychiatry 2005; 43. Meyer JH. Imaging the serotonin transporter during major depressive
62:529-535 disorder and antidepressant treatment. J Psychiatry Neurosci 2007;32(2):

22. Cervilla JA, Molina E, Rivera M, et al. The risk of depression conferred 86-102
by stressful life events is modified by variation at the serotonin transporter 44. Mandelli L, Serretti A, Marino E, et al. Interaction between serotonin
SHTTLPR genotype: evidence from the Spanish PREDICT-Gene cohort. transporter gene, catechol-O-methyltransferase gene and stressful life
Mol Psychiatry 2007;12:748-755 events in mood disorders. Int J Neuropsychopharmacol 2007;10:437-447

23. Kilpatrick DG, Koenen KC, Ruggiero KJ, et al. The serotonin transporter 45. Gerra G, Garofano L, Santoro G, et al. Association between low-activity
genotype and social support and moderation of posttraumatic stress disor- serotonin transporter genotype and heroin dependence: behavioral and
der and depression in hurricane-exposed adults. Am J Psychiatry 2007; personality correlates. Am J Med Genet B Neuropsychiatr Genet 2004;
164:1693-1699 126B:37-42

24. Kaufman J, Yang BZ, Douglas-Palumberi H, et al. Social supports and 46. Feinn R, Nellissery M, Kranzler HR. Meta-analysis of the association of
serotonin transporter gene moderate depression in maltreated children. a functional serotonin transporter promoter polymorphism with alcohol
Proc Natl Acad Sci U S A 2004;101:17316-17321 dependence. Am J Med Genet B Neuropsychiatr Genet 2005;133B:79-84

25. Steiger H, Richardson J, Joober R, et al. The SHTTLPR polymorphism, 47. Rujescu D, Giegling I, Sato T, et al. A polymorphism in the promoter of
prior maltreatment and dramatic-erratic personality manifestations in the serotonin transporter gene is not associated with suicidal behavior.
women with bulimic syndromes. J Psychiatry Neurosci 2007;32:354-362 Psychiatr Genet 2001;11:169-172

26. Eley TC, Sugden K, Corsico A, et al. Gene environment interaction 48. Baca-Garcia E, Vaquero C, Diaz-Sastre C, et al. A gender-specific
analysis of serotonin system markers with adolescent depression. Mol association between the serotonin transporter gene and suicide attempts.
Psychiatry 2004;9:908-915 Neuropsychopharmacology 2002;26:692-695

27. Grabe HJ, Lange M, Wolff B, et al. Mental and physical distress is modu- 49. Courtet P, Buresi C, Abbar M, et al. No association between non-violent
lated by a polymorphism in the 5-HT transporter gene interacting with suicidal behavior and the serotonin transporter promoter polymorphism.
social stressors and chronic disease burden. Mol Psychiatry 2005;10(2): Am J Med Genet B Neuropsychiatr Genet 2003;116B:72-76
220224 50. Baca-Garcia E, Vaquero C, Diaz-Sastre C, et al. Lack of association

28. Otte C, McCaffery J, Ali S, et al. Association of a serotonin transporter between the serotonin transporter promoter gene polymorphism and im-
polymorphism (5-HTTLPR) with depression, perceived stress, and nor- pulsivity or aggressive behavior among suicide attempters and healthy
epinephrine in patients with coronary disease: the Heart and Soul Study. volunteers. Psychiatry Res 2004;126:99-106
Am J Psychiatry 2007;164:1379-1384 51. Segal J, Pujol C, Birck A, et al. Association between suicide attempts

29. Jarrett ME, Kohen R, Cain KC, et al. Relationship of SERT polymor- in south Brazilian depressed patients with the serotonin transporter
phisms to depressive and anxiety symptoms in irritable bowel syndrome. polymorphism. Psychiatry Res 2006;143:289-291
Biol Res Nurs 2007;9:161-169 52. Helbecque N, Sparks DL, Hunsaker JC 3rd, et al. The serotonin trans-

30. Sojoberg RL, Nilsson KW, Nordquist N, et al. Development of depres- porter promoter polymorphism and suicide. Neurosci Lett 2006;400:13—15
sion: sex and the interaction between environment and a promoter 53. Lopez de Lara C, Dumais A, Rouleau G, et al. STin2 variant and family
polymorphism of the serotonin transporter gene. Int J history of suicide as significant predictors of suicide completion in major
Neuropsychopharmacol 2005;9:1-7 depression. Biol Psychiatry 2006;59:114-120

31. Dorado P, Pefias-Lledé EM, Gonzélez AP, et al. Increased risk for major 54. Pungercic G, Videtic A, Pestotnik A, et al. Serotonin transporter gene
depression associated with the short allele of the serotonin transporter promoter (5S-HTTLPR) and intron 2 (VNTR) polymorphisms: a study
promoter region (5-HTTLPR-S) and the CYP2C9*3 allele. Fundam on Slovenian population of suicide victims. Psychiatr Genet 2006;16:
Clin Pharmacol 2007;21(4):451-453 187-191

32. Taylor SE, Baldwin M, Way BM, et al. Early family environment, current 55. Preuss UW, Koller G, Soyka M, et al. Association between suicide at-
adversity, the serotonin transporter promoter polymorphism, and depres- tempts and 5S-HTTLPR-S-allele in alcohol-dependent and control subjects:
sive symptomatology. Biol Psychiatry 2006;60:671-676 further evidence from a German alcohol-dependent inpatient sample.

33. Gonda X, Juhasz G, Laszik A, et al. Subthreshold depression is linked to Biol Psychiatry 2001;50:636-639
the functional polymorphism of the SHT transporter gene. J Affect Disord 56. Kronenberg S, Apter A, Brent D, et al. Serotonin transporter polymor-
2005;87:291-297 phism (5-HTTLPR) and citalopram effectiveness and side effects in

34. Gonda X, Rihmer Z, Zsombok T, et al. The SHTTLPR polymorphism of children with depression and/or anxiety disorders. J Child Adolesc

Prim Care Companion J Clin Psychiatry 2009;11(3) PSYCHIATRIST.COM 101



Luddington et al.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

102

Psychopharmacol 2007;17(6):741-750

Bah J, Lindstrom M, Westberg L, et al. Serotonin transporter gene poly-
morphisms: effect on serotonin transporter availability in the brain of
suicide attempters. Psychiatry Res 2008;162:221-229

80.

Mol Psychiatry 2007;12:247-257

Serretti A, Cusin C, Rausch JL, et al. Pooling pharmacogenetic studies
on the serotonin transporter: a mega-analysis. Psychiatry Res 2006;
145:61-65

Neves FS, Silveira G, Romano-Silva MA, et al. Is the 5-HTTLPR poly- 81. Trivedi MH, Rush AJ, Wisniewski SR, et al; STAR*D Study Team.
morphism associated with bipolar disorder or with suicidal behavior of Evaluation of outcomes with citalopram for depression using
bipolar disorder patients? Am J Med Genet B Neuropsychiatr Genet measurement-based care in STAR*D: implications for clinical practice.
2008;147B:114-116 Am J Psychiatry 2006;163(1):28-40
Limosin F, Loze JY, Boni C, et al. Male-specific association between the 82. Mundo E, Walker M, Cate T, et al. The role of serotonin transporter
5-HTTLPR S allele and suicide attempts in alcohol-dependent subjects. protein gene in antidepressant-induced mania in bipolar disorder:
J Psychiatr Res 2005;39:179-182 preliminary findings. Arch Gen Psychiatry 2001;58:539-544
Wasserman D, Geijer T, Sokolowski M, et al. Association of the serotonin 83. Rousseva A, Henry C, van den Bulke D, et al. Antidepressant-induced
transporter promoter polymorphism with suicide attempters with a high mania, rapid cycling and the serotonin transporter gene polymorphism.
medical damage. Eur Neuropsychopharmacol 2007;17:230-233 Pharmacogenomics J 2003;3(2):101-104
Lin PY, Tsai G. Association between serotonin transporter gene promoter 84. Masoliver E, Menoyo A, Perez V, et al. Serotonin transporter linked
polymorphism and suicide: results of a meta-analysis. Biol Psychiatry promoter (polymorphism) in the serotonin transporter gene may be
2004;55:1023-1030 associated with antidepressant-induced mania in bipolar disorder.
Li D, He L. Meta-analysis supports association between serotonin trans- Psychiatr Genet 2006;16(1):25-29
porter (5-HTT) and suicidal behavior. Mol Psychiatry 2007;12:47-54 85. Mansour HA, Talkowski ME, Wood J, et al. Serotonin gene polymor-
Courtet P, Picot MC, Bellivier F, et al. Serotonin transporter gene may be phisms and bipolar I disorder: focus on the serotonin transporter. Ann
involved in short-term risk or subsequent suicide attempts. Biol Psychiatry Med 2005;37(8):590-602
2004;55:46-51 86. Perlis RH, Mischoulon D, Smoller JW, et al. Serotonin transporter poly-
Gibb BE, McGeary JE, Beevers CG, et al. Serotonin transporter (5- morphisms and adverse effects with fluoxetine treatment. Biol Psychi-
HTTLPR) genotype, childhood abuse, and suicide attempts in adult atry 2003;54:879-883
psychiatric inpatients. Suicide Life Threat Behav 2006;36:687-693 87. Popp J, Leucht S, Heres S, et al. Serotonin transporter polymorphisms
Roy A, Hu XZ, Janal MN, et al. Interaction between childhood trauma and side effects in antidepressant therapy—a pilot study.
and serotonin transporter gene variation in suicide. Neuropsychopharma- Pharmacogenomics 2006;7:159-166
cology 2007;32:2046-2052 88. Smits K, Smits L, Peeters F, et al. Serotonin transporter polymorphisms
Murphy GM, Hollander SB, Rodrigues HE, et al. Effects of the serotonin and the occurrence of adverse events during treatment with selective
transporter gene promoter polymorphism on mirtazapine and paroxetine serotonin reuptake inhibitors. Int Clin Psychopharmacol 2007;22(3):
efficacy and adverse events in geriatric major depression. Arch Gen 137-143
Psychiatry 2004;61:1163-1169 89. Reimherr FW, Adler LA, Amsterdam JD, et al. Genetic polymorphisms
Pollock BG, Ferrell RE, Mulsant BH, et al. Allelic variation in the seroto- in the treatment of depression: speculations from an augmentation study
nin transporter promoter affects onset of paroxetine treatment response using atomoxetine. Presented at 46th annual meeting of the NCDEU;
in late-life depression. Neuropsychopharmacol 2000;23:587-590 June 12-15, 2006; Boca Raton, Fla
Durham LK, Webb SM, Milos PM, et al. The serotonin transporter 90. Michelson D, Adler LA, Amsterdam JD, et al. Addition of atomoxetine
polymorphism, SHTTLPR, is associated with a faster response time for depression incompletely responsive to sertraline: a randomized,
to sertraline in an elderly population with major depressive disorder. double-blind, placebo-controlled study. Presented at the 19th Congress
Psychopharmacology (Berl) 2004;174(4):525-529 of the European College of Neuropsychopharmacology (ECNP); Sept
Zanardi R, Benedetti F, Di Bella D, et al. Efficacy of paroxetine in depres- 16-20, 2006; Paris, France
sion is influenced by a functional polymorphism within the promoter of 91. Michelson D, Adler LA, Amsterdam JD, et al. Addition of atomoxetine
the serotonin transporter gene. J Clin Psychopharmacol 2000;20:105-107 for depression incompletely responsive to sertraline: a randomized,
Zanardi R, Serretti A, Rossini D, et al. Factors affecting fluvoxamine double-blind, placebo-controlled study. J Clin Psychiatry 2007;68(4):
antidepressant activity: influence of pindolol and 5-HTTLPR in delusional 582-587
and nondelusional depression. Biol Psychiatry 2001;50:323-330 92. Stamm TJ, Adli M, Kirchheiner J, et al. Serotonin transporter gene and
Yu YW, Tsai SJ, Chen TJ, et al. Association study of the serotonin trans- response to lithium augmentation in depression. Psychiatr Genet 2008;
porter promoter polymorphism and symptomatology and antidepressant 18:92-97
response in major depressive disorders. Mol Psychiatry 2002;7:1115-1119 93. Smits KM, Smits LJ, Schouten JS, et al. Does pretreatment testing
Rausch JL, Johnson ME, Fell YJ, et al. Initial conditions of serotonin for serotonin transporter polymorphisms lead to earlier effects of drug
transporter kinetics and genotype: influence on SSRI treatment trial treatment in patients with major depression? a decision-analytic model.
outcome. Biol Psychiatry 2002;51:723-732 Clin Ther 2007;29(4):691-702
Smeraldi E, Zanardi R, Benedetti F, et al. Polymorphism within the 94. Rasmussen-Torvik LJ, McAlpine DD. Genetic screening for SSRI drug
promoter of the serotonin transporter gene and antidepressant efficacy response among those with major depression: great promise and unseen
of fluvoxamine. Mol Psychiatry 1998;3(6):508-511 perils. Depress Anxiety 2007;24:350-357
Kim DK, Lim SW, Lee S, et al. Serotonin transporter gene polymorphism 95. Meyer JH, Wilson AA, Sagrati S, et al. Serotonin transporter occupancy
and antidepressant response. NeuroReport 2000;11:215-219 of five selective serotonin reuptake inhibitors at different doses: an
Kang R-H, Wong M-L, Choi M-J, et al. Association study of the serotonin [11C]DASB positron emission tomography study. Am J Psychiatry
transporter promoter polymorphism and mirtazapine antidepressant 2004;161(5):826-835
response in major depressive disorder. Prog Neuropsychopharmacol 96. Voineskos AN, Wilson AA, Boovariwala A, et al. Serotonin transporter
Biol Psychiatry 2007;31:1317-1321 occupancy of high-dose selective serotonin reuptake inhibitors during
Kato M, Ikenaga Y, Wakeno M, et al. Controlled clinical comparison of major depressive disorder measured with [11C]DASB positron emission
paroxetine and fluvoxamine considering the serotonin transporter pro- tomography. Psychopharmacology (Berl) 2007;193(4):539-545
moter polymorphism. Int Clin Psychopharmacol 2005;20:151-156 97. Souery D, Oswald P, Massat I, et al. Group for the Study of Resistant
Kraft JB, Peters EJ, Slager SL, et al. Analysis of association between Depression. Clinical factors associated with treatment resistance in
the serotonin transporter and antidepressant response in a large clinical major depressive disorder: results from a European multicenter study.
sample. Biol Psychiatry 2007;61:734-742 J Clin Psychiatry 2007;68(7):1062-1070
Hu XZ, Rush AJ, Charney D, et al. Association between a functional 98. Solomon DA, Leon AC, Mueller TI, et al. Tachyphylaxis in unipolar
serotonin transporter promoter polymorphism and citalopram treatment major depressive disorder. J Clin Psychiatry 2005;66(3):283-290
in adult outpatients with major depression. Arch Gen Psychiatry 2007; 99. Kukopulos A, Caliari B, Tundi A, et al. Rapid Cyclers, temperament,
64(7):783-792 and antidepressants. Compr Psychiatry 1983;24(3):249-258
Serretti A, Kato M, De Ronchi D, et al. Meta-analysis of serotonin 100. Altshuler LL, Post RM, Leverich GS, et al. Antidepressant-induced
transporter gene promoter polymorphism (5-HTTLPR) association with mania and cycle acceleration: a controversy revisited. Am J Psychiatry
selective serotonin reuptake inhibitor efficacy in depressed patients. 1995;152:1130-1138

PSYCHIATRIST.COM Prim Care Companion J Clin Psychiatry 2009;11(3)



	Table of Contents

