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Allelic Variation in the Serotonin Transporter
Promoter Affects Onset of Paroxetine

Treatment Response in Late-Life Depression

Bruce G. Pollock, M.D., Ph.D., Robert E. Ferrell, Ph.D., Benoit H. Mulsant, M.D., Sati Mazumdar, Ph.D.,
Mark Miller, M.D., Robert A. Sweet, M.D., Stephanie Davis, M.Ed., Margaret A. Kirshner, B.A.,
Patricia R. Houck, M.S., Jacqueline A. Stack, M.S.N., Charles F. Reynolds III, M.D.,

and David ]. Kupfer, M.D.

The relationship of the serotonin transporter gene promoter
region polymorphism (5-HTTLPR) to antidepressant
response was examined in 95 elderly patients receiving a
protocolized treatment for depression with paroxetine or
nortriptyline. Patients were treated for up to 12 weeks and
assessed weekly with clinical ratings and measurements of
plasma drug concentrations. Twenty-one of the paroxetine-
treated subjects were found to have the 11 genotype and 30
had at least one s allele. There were no baseline differences
between these groups in pretreatment Hamilton Rating
Scale for Depression (HRSD) scores or anxiety symptoms.

During acute treatment with paroxetine, mean reductions
from baseline in HRSD were significantly more rapid for
patients with the 11 genotype than for those possessing an s
allele, despite equivalent paroxetine concentrations. Onset
of response to nortriptyline was not affected. Allelic
variation of 5-HTTLPR may contribute to the variable
initial response of patients treated with a selective serotonin
reuptake inhibitor.
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Variability in response to antidepressant treatment may
be dependent on interindividual differences in drug
concentration or drug targets. The serotonin transporter
gene (SLC6A4) promoter region (5-HTTLPR) insertion/
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deletion polymorphism is known to affect transporter
expression and function (Lesch et al. 1996). A long (I, 528
bp) and a short (s, 484 bp) form affect the expression
and function of the serotonin transporter. Those with
the s variant, approximately 42% of Caucasians, have
reduced transcription of the 5-HTT gene promoter, re-
sulting in decreased 5-HTT expression and an approxi-
mate 50% reduction in serotonin uptake (Heils et al.
1996; Collier et al. 1996). We hypothesized that the ini-
tial pharmacologic impact of a selective serotonin re-
uptake inhibitor (SSRI) was likely to be proportionately
greater for those patients with enhanced serotonin re-
uptake (i.e., those possessing the Il genotype). These pa-
tients would thus be expected to respond earlier to an
SSRI than those with one or two copies of the dominant
s allele. Because inhibition of serotonin reuptake by a
SSRI is believed to be only the initial step in a complex
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adaptive process, we further hypothesized that final
outcome, for those receiving paroxetine, would not dif-
fer between the transporter promoter genotypes and
that the acute response of patients treated with nortrip-
tyline, an antidepressant affecting predominately re-
uptake of norepinephrine, would not be affected by this
polymorphism.

METHODS

This study was conducted in the geriatric inpatient
units and the outpatient Late Life Depression Clinic of
Western Psychiatric Institute and Clinic as previously de-
scribed (Mulsant et al. 1999). Study participants were eval-
uated with the Structured Clinical Interview for DSM-IV
Axis-I Disorders (SCID-1V; First et al. 1997) and several
rating scales, including the 17-item Hamilton Rating Scale
for Depression (HRSD; Hamilton 1967) and the Mini-
Mental State Examination (MMSE; Folstein et al. 1975).
Written informed consent was obtained from each subject
after the procedures had been fully explained.

For inclusion in the study, patients had to meet the
following criteria: age 60 years or older; DSM-IV major
depressive episode with neither psychotic features nor
history of bipolar or schizoaffective disorder; baseline
HRSD score of 15 or above; MMSE score of 18 or above;
no history of alcohol or other substance abuse or depen-
dency during at least the past year; and no specific
medical condition contraindicating treatment with ei-
ther nortriptyline or paroxetine (e.g., QRS longer than
120 ms or bradychardia with heart rate below 50).
Ninety-six subjects (mean age: 72.0 * 7.9 years) were
randomized under double-blind conditions to treat-
ment with either nortriptyline (n = 45) or paroxetine
(n = 51) after a washout of all psychotropic medications
except for lorazepam. Patients received initial doses of
25 mg of nortriptyline, or 20 mg of paroxetine. Nortrip-
tyline doses were adjusted weekly until the plasma
level was between 50 and 150 ng/ml. Paroxetine doses
were increased to 30 mg after 5 weeks in patients who
still had an HRSD score of 15 or above or who had ex-
perienced a decrease in HRSD score of less than 50%.

Plasma was obtained weekly for measurement of
paroxetine and nortriptyline concentrations. Antide-
pressant drug and metabolite concentrations were mea-
sured by high performance liquid chromatography
with ultraviolet detection according to methods previ-
ously described (Pollock et al. 1992; Foglia et al. 1997).

Lymphocytes were harvested from whole blood and
DNA was extracted from lymphocytes using a QIAamp
DNA blood kit (Qiagen Inc.). S and [ alleles were deter-
mined using DNA amplification (PCR) and established
flanking primers. Amplification products were re-
solved by electrophoresis and visualized with ethidium
bromide staining and UV transillumination, according
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to Edenberg and Reynolds (1998). Samples from 96 sub-
jects were analyzed for 5-HTT-promoter polymor-
phism. Mixed effects repeated measures ANOVA based
upon observed HRSD scores was utilized to test effects
of genotype group, time and group by time interaction
in each treatment group. The predicted scores from
these models were then used to compute the decrease
in Hamilton scores. This intent-to-treat approach al-
lowed all subjects” data to be included even if they ter-
minated early.

RESULTS

Thirty-four (67%) of the paroxetine-treated and 23
(52%) of the nortriptyline-treated subjects completed
the acute trial. Of the 96 subjects genotyped, 35 subjects
were Il genotype, 40 were sl and 20 were ss. One subject
had a rare allele, xI and was not included in any analy-
ses. Because the s allele is functionally dominant (Lesch
et al. 1996; Collier et al. 1996) genotypes were classified
into two groups: those with the Il and s (sl and ss alle-
les). There were no differences between groups in age,
gender, race, age of first depression, severity of anxiety
symptoms, or cognitive status. For patients treated with
paroxetine, there was a significant time effect (weeks;
Fio446 = 74.73, p < 0.0001) as well as a group (s vs. Il) by
time interaction (Fy,4s = 1.95, p = 0.0275), with the s
group taking longer to improve than the I/ (see Figure
1). For those treated with nortriptyline, there was only
an effect of time (Fj, 345 = 53.49, p < 0.0001). At the sec-
ond week of paroxetine treatment, 11 (52%) of the Il
group had a 50% reduction in Hamilton score com-
pared to none (n = 30) of the s group (x* = 20.04, p <
0.0001) and the mean percentage decline in HRDS
scores from baseline values at this time was 49.3 * 10%
for the Il group as compared to 29.6 * 5% for those with
one or two s alleles. In contrast, for nortripyline treated
patients, only 2 (14%) of the homozygous I group and 5
(17%) of the s group had a 50% reduction in HRSD
scores at week two.

No significant differences between the s and I
groups in the mean weekly paroxetine or nortriptyline
plasma levels were found. At the conclusion of the
study (12 weeks), there were no differences between I
and s groups in the number of responders (HRSD < 10)
for either medication.

DISCUSSION

Allelic variation in 5-HTTLPR may contribute to the
variable initial response of older patients treated with
an SSRI. Those with Il genotype appear to respond
more rapidly to an SSRI (paroxetine) than those with
one or two copies of the s allele. By contrast, the onset of
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Figure 1. Mean weekly percent decrease of HRSD scores from baseline by 5-HTTLPR genotype in subjects treated with (A)
nortriptyline and (B) paroxetine.

therapeutic response to the noradrenergic antidepres- transporter promoter and response to an SSRI. In that
sant nortriptyline was not influenced by the 5-HTTLPR  study, Smeraldi and associates (1998) found that psy-
polymorphism. Our findings are consistent with a prior ~ chotic depression was less responsive to fluvoxamine in
report that examined the relationship of variation in the  those with ss genotype. It should also be noted that
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Young and colleagues (1999) recently reported a signifi-
cantly better antidepressant response in the homozy-
gous Il patients who were treated with nortriptyline.
Contrary to the implications of Lesch et al. (1996) but
consistent with Serretti and colleagues (1999), we did
not find an association of increased anxiety symptoms
in those with the s allele.

The present study suggests, but does not prove, a
significant relationship between 5-HTTLPR genotype
and acute response to SSRI therapy. The described dif-
ferences should be confirmed prospectively in a con-
centration-controlled treatment trial, utilizing an SSRI
with more selective serotonergic properties, such as cit-
alopram or fluvoxamine.
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