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Reduced Hippocampal Volumes Associated
With the Long Variant of the Serotonin Transporter
Polymorphism in Major Depression
Thomas Frodl, MD; Eva M. Meisenzahl, MD; Peter Zill, MD; Thomas Baghai, MD; Dan Rujescu, MD;
Gerda Leinsinger, MD; Ronald Bottlender, MD; Cornelius Schüle, MD; Peter Zwanzger, MD; Rolf R. Engel, MD;
Rainer Rupprecht, MD; Brigitta Bondy, MD; Maximilian Reiser, MD; Hans-Jürgen Möller, MD

Background: Substantial evidence supports a role for
dysfunction of the serotonin transporter in the pathogenesis of major depression. Several studies have found
reciprocal interactions between the serotonergic system
and both brain-derived neurotrophic factor and glutamate, which are known to modulate or affect hippocampal morphologic characteristics.
Objective: To examine the influence of a polymorphism (5-HTTLPR) in the promoter region of the serotonin transporter gene on hippocampal volumes in patients with major depression and healthy controls.
Design: Baseline investigation of a prospective magnetic resonance imaging study with a 4-year follow-up
period.
Patients: We examined 40 inpatients with major depression as well as 40 healthy controls matched for age,
sex, and handedness.
Main Outcome Measures: Subjects underwent highresolution magnetic resonance imaging. Furthermore,
genotyping for the 5-HTTLPR biallelic polymorphism was
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Zwanzger, Engel, Rupprecht,
Bondy, and Möller) and
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performed, which consists of a 44–base pair insertion
(L allele) or deletion (S allele).
Results: Patients with the L/L homozygous genotype had
significantly smaller hippocampal gray matter (left hemisphere: P=.003; right hemisphere: P=.01) and white matter volumes (left hemisphere: P = .001; right hemisphere: P = .002) than controls with this genotype. No
significant differences were found between patients and
controls with the L/S or S/S genotype. Moreover, patients with the L/L genotype had significantly smaller hippocampal white matter volumes than those with the L/S
or S/S genotype (P=.03).
Conclusions: These findings suggest that homozygosity
for the L allele is associated with decreased hippocampal
volumes in patients with major depression but not in
healthy controls. A possible explanation is that the interaction between the serotonergic system and neurotrophic factors as well as excitatory amino acid neurotransmission may affect hippocampal morphologic
characteristics.
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NE OF THE MAJOR BIO -

logical substrates in the
pathogenesis of major
depression is the serotonergic system.1 Serotonin is a widespread neurotransmitter in
the central nervous system. Serotonergic
neurons are mainly found in different raphe nuclei, from which they project to numerous brain regions such as cortical areas,
the hippocampus, and the basal ganglia.2
The fine-tuning of serotonin neurotransmission seems to be critically influenced
by the serotonin transporter (5-HTT) via
clearing synaptic serotonin.
A polymorphism (5-HTTLPR) in the
promoter region of the 5-HTT gene on chromosome 17q11.2 was identified with a 44–
base pair insertion (L allele) or deletion
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(S allele).3 The relationship of this polymorphism to major depression is unequivocal; one study found a relationship, 4
whereas others did not.5,6 Cultured human lymphoblast cell lines homozygous for
the L allele were associated with nearly
2-fold increased 5-HTT expression and increased serotonin reuptake.3 Moreover, in
mice with targeted inactivation (knockout) of the 5-HTT gene, the modulation of
serotonergic system activity was found to
depend on the 5-HTTLPR genotype.7 In vivo
studies also support these findings. A significant association between the L/L genotype and the depressive response to tryptophan depletion showed that patients
homozygous for the L/L genotype who were
in remission from a major depressive episode had rapid serotonin reuptake com-
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Table 1. Demographic and Clinical Data of Patients
With Major Depression and Healthy Controls*
Patients
(n = 40)
Age, y
Sex (F/M), No. of patients†
Handedness (right/left),
No. of patients†
Height, cm
Weight, kg
Alcohol, g/d
Age at onset, y
Illness duration, y
Genotype distribution, No. (%)†
L/L
L/S
S/S
Allele distribution, No. (%)†
L
S
Hamilton Depression Rating
Scale score

Controls
(n = 40)

44.4 (11.7) 41.7 (12.1)
19/21
19/21
38/2
38/2
171.0 (7.7) 175.9 (8.1)
71.6 (17.1) 73.2 (14.2)
8.0 (14.7) 11.2 (11.3)
37.1 (11.4)
NA
7.9 (10.1)
NA
16 (40)
16 (40)
8 (20)

13 (32.5)
17 (42.5)
10 (25)

16 (40)
24 (60)
22.7 (6.7)

13 (32.5)
27 (67.5)
NA

P Value
.32
⬎.99
⬎.99
.007
.66
.29
NA
NA

.76

.49
NA

Abbreviation: NA, not applicable.
*Data are presented as mean (SD) unless otherwise indicated. P values
were determined using the t test.
†Determined using the 2 test.

bined with decreased brain serotonin availability.8 Furthermore, in 8 healthy controls homozygous for the L allele,
a significant association with increased iodine 123–
labeled 2␤-carbomethoxy-3␤-(4-iodophenyl) tropane
([123I]␤-CIT)binding to 5-HTT was seen, which may indicate a greater amount of 5-HTT.9 However, these findings need clarification because 16 healthy controls did not
show a relationship between the 5-HTTLPR polymorphism and [123I]␤-CIT binding.10
Interestingly, it has been demonstrated that serotonergic signaling is an important regulator of both early
central nervous system development11 and adult neurogenesis.12 In addition, because a high density of 5-HTT
has been found in the hippocampus by autoradiographic13,14 and immunocytochemical investigations,15
there may be a relationship between serotonergic function and hippocampal morphologic characteristics.
Aside from the well-documented contribution to
learning and memory, the hippocampal formation plays
a critical role in the regulation of motivation and emotion.16 The hippocampus is a core region in the limbic system and has widespread connections to diverse cortical
areas such as the prefrontal cortex, anterior thalamic nuclei, amygdala, basal ganglia, and hypothalamus,17 all of
which constitute the neuroanatomical network of mood
regulation.18 Investigations of patients with recurrent depressive episodes have demonstrated structural changes
in the hippocampal formation,19-22 which may decline with
longer illness duration.19 One study investigating firstepisode patients and those with multiple episodes found
that only patients with multiple episodes had hippocampal volume reduction, which was associated with the duration of their illness.22 These findings extend those of experimental studies that suppose stress toxicity23 or a lack
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known structural abnormalities of the hippocampus. However, postmortem analysis of the human hippocampus in
patients with major depression and in glucocorticoidtreated patients did not show any major morphologic
changes associated with neuronal cell death,25 so it remains unclear whether and to what extent hippocampal
changes occur in major depression.
Recently, studies have begun to address the issue that
structural changes may predispose patients to depression; hippocampal size has been found to be strongly genetically determined,26 and even first-episode patients with
major depression showed a diminished volume of 6% in
the left side of the hippocampus.27 An association between heritability and brain size is supported by twin studies28 and by studies from our laboratory showing that methionine homozygosity at codon 129 on the prion protein
was associated with white matter reduction as well as enlargement of cerebrospinal fluid volume in healthy controls,29 and that the allele 2 within the promoter region of
the interleukin 1␤ gene was related to bifrontal temporal
gray matter volume deficits and reduced overall white matter in patients with schizophrenia.30 A genetic influence
on brain volumes was also found in patients with geriatric depression, in whom at least 1 APOE ⑀4 allele showed
significant decline in the right hippocampus.31
The aim of our study was to investigate the influence of functional polymorphisms in the 5-HTT gene on
hippocampal morphologic characteristics in patients with
major depression and healthy controls.
METHODS
SUBJECTS
We recruited 40 inpatients with major depression from the Department of Psychiatry at Ludwig-Maximilians-University, Munich, Germany (age range, 18-65 years; mean ± SD age,
44.4±11.7 years) (Table 1). Psychiatric diagnoses based on
DSM-IV criteria and on the Structured Clinical Interview for
DSM-IV were determined by a consensus of at least 2 psychiatrists. Mean±SD illness duration was 7.9±10.1 years, and number of hospitalizations was 2.2±3.0. Moreover, mean±SD cumulative illness duration as described by Sheline et al 19
(27.7±35.2 months) and total previous duration of antidepressant medication use (25.5±55.8 months) were obtained retrospectively according to the anamnesis. Clinical variables were
documented using the 21-item Hamilton Depression Rating
Scale. Fourteen patients received selective serotonin reuptake
inhibitors (4 sertraline hydrochloride, 7 citalopram, 2 paroxetine, and 1 fluvoxamine maleate), 7 were taking tricyclic antidepressants (2 amitriptyline hydrochloride, 2 doxepin hydrochloride, and 1 trimipramine), and 16 received other new
antidepressants (5 venlafaxine hydrochloride, 4 reboxetine, and
7 mirtazapine). Four patients were not taking antidepressant
medication at the time of magnetic resonance imaging.
For comparison, 40 healthy control subjects were
matched with respect to age (age range, 19-58 years;
mean ± SD age, 41.7 ± 12.1 years), sex, and handedness. A
structured interview was used to assess medical history,
trauma, and other exclusion criteria. Neither the healthy controls nor their first-degree relatives had a history of neurologic
or mental illness. Exclusion criteria for patients and controls
were previous head injury with loss of consciousness, cortisol
medication use in the medical history, previous alcohol or
substance abuse, or neurologic diseases. Comorbidity with
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other mental illnesses or personality disorders was also
excluded. No subject had received previous electroconvulsive
therapy. Hypertension was excluded using blood pressure
measures, and handedness was determined with the Edinburgh inventory.32
After an extensive description of the study to the
patients with major depression and healthy controls, written
informed consent was obtained. The study design was
approved by the local ethics committee and was prepared in
accordance with the ethical standards in the Declaration of
Helsinki.
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Figure 1. Magnetic resonance image of coronal sections running in the
occipitorostral direction. A, The hippocampal body. B, The shape of the
hippocampus may be compared with that of a rabbit with the head directed
vertically. C, The amygdala-hippocampal transition area.

MAGNETIC RESONANCE IMAGING PROCEDURES
Magnetic resonance images were obtained (1.5-T Magnetom
Vision; Siemens, Erlangen, Germany) using a coronal T2- and
proton density–weighted dual echo sequence (repetition time,
3710 milliseconds; echo time, 22/90 ms; total acquisition
time, 9 minutes; number of acquisitions, 1; field of view, 230
mm; matrix, 240 ⫻ 256; section thickness, 3 mm) and a
3-dimensional magnetization prepared rapid acquisition
gradient-echo sequence (repetition time, 11.6 milliseconds;
echo time, 4.9 milliseconds; total acquisition time, 9 minutes;
number of acquisitions, 1; field of view, 230 mm; matrix,
512 ⫻ 512; section thickness, 1.5 mm). A commercial software package was used (Analyze; Biomedical Imaging
Resource, Mayo Foundation, Rochester, Minn) for further
image processing, with size reduction from 16 to 8 bit and
transformation to a uniform matrix of 256⫻256 on 192 sections each 1.0 mm thick. All datasets were realigned and resampled 3-dimensionally for the anterior commissure to posterior commissure line according to Talairach coordinates
with the software program BRAINS (Brain Research: Analysis
of Images, Networks and Systems; developed by Andreasen et
al).33 This program allowed control of the regions of interest
for the sagittal and transverse sections simultaneously as well
as of the segmentation for calculating the intracranial content
and the gray and white matter volumes (cubic centimeters)
within the defined region of interest.
DEFINITION OF THE HIPPOCAMPAL FORMATION
We used the definition of the hippocampus (Figure 1) according to Niemann et al.34 The hippocampal-amygdala border was detected using the description by Convit et al35; in addition, Frodl et al27 provide a detailed description of this area.
The evaluation staff was blind to each subject’s status. On each
magnetic resonance image, we started with the most posterior
coronal section where the hippocampus was clearly detectable. The posterior hippocampal body and intralimbic sulcus
can be seen in Figure 1A. In Figure 1B, the shape of the hippocampus may be compared with that of a rabbit with the head
directed vertically; the medial ambient cistern is separated from
the temporal horn of the lateral ventricles. The amygdalahippocampal transition zone appears as a diffuse area of gray
matter between the anterior portion of the hippocampus and
the posterior portion of the amygdala. This structure can be
identified most reliably in the axial plane. The boundary between the hippocampus and amygdala is clearly detectable in
the sagittal plane (Figure 1C). The anterior part of the hippocampus ends where the cornu inferius of the lateral ventricle
becomes vertically oriented.
For determination of interrater reliability, 10 brains were
randomly chosen, and regions of interest were independently
determined by 2 raters. The intraclass correlations for the interrater reliability of hippocampal gray matter (r9 =0.97; P⬍.001)
and hippocampal white matter (r9 =0.82; P=.008) were high.
For the intrarater reliability, 10 brains were obtained 4 weeks
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apart by 1 rater (T.F.) (hippocampal gray matter: r9 = 0.96;
P⬍.001; hippocampal white matter: r9 =0.93; P⬍.001).
LABORATORY METHOD
The DNA was extracted from of a 5-mL blood sample using a
kit (QIAamp Blood Isolation Kit; QIAGEN GmbH, Hilden, Germany) following the prescription of the supplier. Genotyping
was carried out applying polymerase chain reaction amplification using the primers and methods described earlier by Heils
et al.36 The final volume was 25 µL consisting of 50 ng of DNA,
l µmol/L of each primer, 200µM of deoxynucleotide triphosphate, 100µM of 7-deaza–guanosine triphosphate, 5% dimethyl sulfoxide, 10mM of Tris hydrochloride (pH, 8.3), 50mM
of potassium chloride, 1.5mM of magnesium chloride, and 2.5
U of DNA polymerase (AmpliTaq Gold; PerkinElmer, Langen,
Germany). The polymerase chain reaction products were separated on a 3% agarose gel (FMC NuSieve, 3:1; Biozym Diagnostic GmbH, Oldendorf, Germany) and visualized with
ethidium bromide staining.
STATISTICAL ANALYSES
Morphometric measurements in both groups were tested for
normal distribution and homogeneity of variance. All statistical tests were considered to be significant at P⬍.05. We used
t tests and analysis of variance to test for differences in demographic variables between patients and controls as well as
between genotypes. We used 2 tests to compare the genotype
frequencies between patients and controls. Hippocampal volumes underwent analysis of covariance (ANCOVA) assessing
the main and interaction effects of the within-subject factor of
hemisphere (left or right) and the between-subject factors of
diagnosis (patients with depression or controls) and genotype
(L/L, L/S, or S/S) using total cranial volume as the cofactor.
Brain lobe volumes also underwent ANCOVA with the
within-subject factors of hemisphere (left or right) and region
(frontal, temporal, parietal, or occipital) and the betweensubject factors of diagnosis (patients with depression or controls) and genotype (L/L, L/S, or S/S). Furthermore, hippocampal volumes of individuals homozygous for the L/L
genotype were compared with those carrying the L/S or S/S
genotype in each diagnostic group by ANCOVA design.
Posthoc analyses were carried out with ANCOVA and t tests
to test hippocampal volumes for differences between genotypes. Effect sizes regarding the association between genotype
and hippocampal volumes were presented as Pearson correlation coefficients according to a method described by Rosenthal.37
RESULTS

Patients and controls did not differ with regard to demographic variables (Table 1), and these variables were not
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Table 2. Repeated-Measures Analysis of Covariance
for Hippocampal Gray and White Matter*
Gray Matter
Variable

F

Hemisphere
0.47
Diagnosis
10.3
Genotype
1.4
Intracranial content
27.2
Diagnosis by genotype
0.88
Diagnosis by hemisphere 0.87
Diagnosis by genotype
0.02
by hemisphere

df

White Matter

P
Value

F

1, 73 .50
0.15
1, 73 .002 12.2
2, 73 .25
0.34
1, 73 ⬍.001 14.2
2, 73 .42
3.0
1, 73 .36
2.3
2, 73 .98
0.13

df

P
Value

1, 73 .70
1, 73 .001
2, 73 .71
1, 73 ⬍.001
2, 73 .05
1, 73 .14
2, 73 .88

*Diagnosis and genotype were between-subject factors, hemisphere was a
within-subject factor, and intracranial content was a cofactor.

Relative Hippocampal Volumes
(White Matter), ×1000
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Figure 2. Scattergrams of left and right hippocampal white matter showing
serotonin transporter polymorphisms in patients with depression. Bars
depict the mean for each group.

different between genotypes (L/L, L/S, and S/S). Illness duration (F2,39 =0.15; P=.86), age at onset (F2,39 =0.40; P=.67),
number of hospitalizations (F2,39 =0.98; P=.39), and depression severity measured with the Hamilton Depression Rating Scale (F2,39 =0.27; P=.77) did not differ between genotypes (L/L, L/S, and S/S). Furthermore,
antidepressant medication use (selective serotonin reuptake inhibitors, tricyclic antidepressants, and other antidepressants;  238 = 3.4; P = .50) and total previous duration of antidepressant treatment (F2,39 = 0.68; P = .51) were
not significantly different between genotypes. The allele
and genotype frequencies are indicated in Table 1; they
did not differ between patients and controls ( 239 = 0.56;
P = .76).
The analysis of variance for frontal, temporal, parietal, and occipital lobes did not show significant effects.
There were neither significant main effects for diagnosis and genotype nor significant interactions of diagnosis and genotype; genotype and region; genotype, diagnosis, and region; or genotype, diagnosis, hemisphere,
and region.
The results of ANCOVA for the gray and white matter of the hippocampus appear in Table 2. A significant main diagnosis effect was found, indicating smaller
hippocampal gray and white matter volumes in patients
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with major depression as compared with healthy controls. Moreover, there was a significant association between genotype and hippocampal volumes, with a significant diagnosis and genotype interaction for
hippocampal white matter (F2,73 =3.0; P=.05) but not hippocampal gray matter (F2,73 =0.88; P=.42).
Post hoc ANCOVA revealed a significant effect of
genotype for hippocampal white matter in patients
(F2,36 =3.8; P =.03) (Figure 2), whereas no significant
effect was found for healthy controls (F2,36 =0.58; P=.56).
Furthermore, significantly smaller right hippocampal
white matter volumes (F1,39 =8.0; P=.008; r39 =0.42) and
a trend toward smaller left hippocampal white matter volumes (F1,39 = 3.7; P = .06; r39 = 0.30) were found in patients with the L/L genotype as compared with those who
carried the L/S or S/S genotype.
Post hoc t tests showed significantly smaller right hippocampal white matter volumes in patients homozygous
for the L/L genotype compared with the L/S (t30 =2.6; P=.02;
effect size: r29 =0.41) and S/S (t22 =2.7; P=.01; r21 =0.43)
genotypes, as well as smaller left hippocampal white matter volumes compared with the S/S genotype (t22 = 2.3;
P=.03; effect size: r21 =0.36) but not compared with the
L/S genotype (t30 =1.5; P=.15; effect size: r29 =0.24).
The results of ANCOVA to assess differences between patients and controls in each genotype group are
presented in Table 3. Significantly smaller hippocampal gray matter (Figure 3) and white matter volumes
were detected in patients homozygous for the L/L genotype as compared with controls who carried this genotype. On the other hand, no significant differences were
observed between patients heterozygous for the L/S genotype and controls with this genotype or between those
homozygous for the S/S genotype and controls who carried that genotype.
There were no significant correlations between hippocampal volumes and illness duration (left hippocampal gray matter: r29 =−0.17; P=.30; right hippocampal gray
matter: r29 =−0.17; P=.29; left hippocampal white matter:
r29 = −0.18; P = .26; right hippocampal white matter:
r29 =0.06; P=.73). There was also no significant correlation between severity of depression as measured by the
Hamilton Depression Rating Scale and hippocampal volumes (left hippocampal gray matter: r29 =−0.17; P=.30; right
hippocampal gray matter: r29 =−0.17; P=.29; left hippocampal white matter: r29 =−0.18; P=.26; right hippocampal white matter: r29 =0.06; P=.73). Furthermore, including illness duration as a cofactor in the ANCOVA did not
change the effect of genotype on hippocampal volumes.
When we excluded from analysis the patient and control subject who appeared to be outliers in the scattergrams, these results did not change. Because 1 study reported brain abnormalities in psychotic depression as
compared with nonpsychotic depression,38 the analysis
was also conducted without the 5 patients who had psychotic features, but again the results did not change.
COMMENT

Our study investigates the contribution of functional genetics to hippocampal volumes in patients with major deWWW.ARCHGENPSYCHIATRY.COM
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Table 3. Analysis of Covariance for Hippocampal Gray and White Matter*
L/L Genotype
Variable
Gray matter
Hemisphere
Diagnosis
Intracranial content
Diagnosis by hemisphere
White matter
Hemisphere
Diagnosis
Intracranial content
Diagnosis by hemisphere

L/S Genotype

S/S Genotype

F1,26

P Value

F1,30

P Value

F1,15

P Value

0.004
9.8†
16.6
0.45

.95
.004
⬍.001
.51

1.9
0.83
13.3
0.47

.18
.37
.001
.50

0.21
0.13
0.66
0.72

.65
.73
.43
.41

0.31
17.1‡
9.2
0.26

.58
⬍.001
.005
.61

0.39
0.54
5.5
1.4

.54
.47
.03
.25

0.41
0.30
0.54
0.23

.53
.59
.48
.64

*Diagnosis was a between-subject factor, hemisphere was a within-subject factor, and intracranial content was a cofactor for each genotype.
†Effect size: r = 0.52.
‡Effect size: r = 0.63.
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P = .03

P = .01

4

Relative Hippocampal Volumes (Gray Matter), ×1000

pression and healthy controls. In line with previous results,20,25-27 hippocampal volumes were found to be
significantly smaller in patients as compared with healthy
controls. The main new finding of this study was that the
L/L genotype was associated with reduced gray and white
matter of the hippocampal formation in patients vs healthy
controls.
To our knowledge, this is the first study of the relationship between the 5-HTTLPR polymorphism and hippocampal volumes in major depression. Therefore, our
findings deserve discussion, particularly with respect to
limitations. The study was not designed to test an association of the 5-HTTLPR polymorphism with major depression because the sample size was too small to detect
modest contributions. Nevertheless, this result was similar to that in recent investigations with larger samples.5,6
Case-control associations are known to be sensitive to population stratification. Patients who have recurrent depression may have a longer duration of exposure to antidepressant medication as compared with those
with a first episode. However, because patients and controls with the 5-HTTLPR genotype did not differ with respect to age, sex, illness duration, age at onset, medication use, or national origin, the population stratification
in this study was likely not a problem.
Our patients were currently receiving medication.
We are aware of no studies on the influence of antidepressants on brain structures in depressed patients, so
the medications’ effects are unknown. A preliminary
investigation in 10 pediatric patients with obsessivecompulsive disorder showed enlarged thalamic volumes
before treatment and a decrease in thalamic volumes
after 12 weeks of treatment with paroxetine hydrochloride; it is unclear if this effect is due to the medication
or to changes in symptoms during treatment.39 In neural cell lines, tricyclic antidepressants and selective
serotonin reuptake inhibitors were found to be neurotoxic.40 In the future, it would be interesting to study
patients with no previous medication use to overcome
the bias that hippocampal volumes are influenced by
medication.
Because the L allele is more common in the population than the S allele, it could be argued that an equal num-
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Figure 3. Scattergrams of left and right hippocampal gray matter for
subjects with the L/L genotype. Patients and healthy controls did not differ
significantly in age, sex, or handedness. The sample size was 16 patients and
13 controls. Bars depict the mean for each group.

ber of individuals for each genetic subtype should have
been sampled. However, this would have meant including an extremely large number of patients and controls.
The results of our study indicate that hippocampal
volume is genetically determined.19 Concerning the functional importance of the neurotransmitter serotonin on
brain morphologic characteristics, it has been demonstrated that serotonergic signaling is an important regulator of early central nervous system development.11 Hippocampal volumes were already found to be reduced early
in the disease20; thus, reduced hippocampal volumes in
patients with the L/L genotype might be a risk factor rather
than a consequence of major depression.
The effects we saw of genotype on the hippocampus could also be linked to central nervous system
development, modulation of certain effects of the illWWW.ARCHGENPSYCHIATRY.COM

©2004 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 10/31/2014

ness, different vulnerability to stress, or different
response to antidepressant treatment. If the higher
reuptake of serotonin in subjects with the L/L genotype modulates the course of the disease, the hippocampal volumes might be affected as a result of
depression or stress-related neurotoxic processes. The
L/L genotype might cause a distinct vulnerability to
the stress reaction. A hypothesis is that stress and
increased glucocorticoids may contribute to hippocampal volume loss via glutamatergic toxic effects.29
Stress decreases the expression of brain-derived neurotrophic factor in the hippocampus,41 which was found
to have trophic effects on serotonergic neurons. 42
Brain-derived neurotrophic factor and the serotonergic
system may regulate reciprocal functions; the 5-HTT
function is modulated by brain-derived neurotrophic
factor,43 which in turn was found to be elevated in the
hippocampus and frontal cortex after antidepressant
treatment.42 However, our study did not show a significant correlation between the hippocampus and illness duration in contrast to that by Sheline et al,19 who
investigated elderly patients. Thus, a hippocampal
decline during the course of depression must be further evaluated in prospective studies.
Furthermore, the short variant of the 5-HTTLPR
polymorphism was associated with a poor response to
antidepressant treatment.44 Therefore, particular patients with the L/L genotype may benefit from antidepressant drugs. Adaptation of the cyclic adenosine monophosphate second-messenger pathway, including upregulation of the cyclic adenosine monophosphate
response element binding protein as a result of therapy,
increases the expression of brain-derived neurotrophic
factor,45 which has neurotrophic and possibly protective effects on hippocampal neurons.
In summary, this is the first study that investigates
genetic contributions of the 5-HTTLPR polymorphism to
hippocampal volume reduction in major depression. Patients with the L/L genotype may have a higher vulnerability to hippocampal changes. It is unclear whether these
changes occur before the beginning of the disease or are
triggered from a variety of factors, such as stress or emotional trauma during the depressive episode. We hope
that our study may stimulate further research into the
influence of functional genetics on brain structure in major depression.
Submitted for publication July 24, 2002; final revision received July 14, 2003; accepted July 21, 2003.
This study was supported by the German Federal Research Ministry (Berlin) within the German Research Networks in Medicine promotion as part of the German Research Network on Depression project.
We thank Nancy C. Andreasen, MD, PhD, and her staff,
who provided generous support with the BRAINS segmentation program, and Anton Strauss, MD, and Bernhard
Burgermeister, who provided technical support.
Corresponding author: Eva M. Meisenzahl, MD, head,
imaging laboratory, Department of Psychiatry, LudwigMaximilians-University of Munich, Nussbaumstr 7, Munich
80336, Germany (e-mail: emeisen@psy.med.uni-muenchen.de).
(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 61, FEB 2004
182

REFERENCES
1. Owens MJ, Nemeroff CB. The role of serotonin in the pathophysiology of depression: focus on the serotonin transporter. Clin Chem. 1994;40:288-295.
2. Parent A, Descarries L, Beaudet A. Organization of ascending serotonin systems in the adult rat brain: a radioautographic study after intraventricular administration of [3H]5-hydroxytryptamine. Neuroscience. 1981;6:115-138.
3. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J, Muller
CR, Hamer DH, Murphy DL. Association of anxiety-related traits with a polymorphism in the serotonin transporter gene regulatory region. Science. 1996;274:
1527-1531.
4. Collier DA, Stober G, Li T, Heils A, Catalano M, Di Bella D, Arranz MJ, Murray
RM, Vallada HP, Bengel D, Muller CR, Roberts GW, Smeraldi E, Kirov G, Sham
P, Lesch KP. A novel functional polymorphism within the promoter of the serotonin transporter gene: possible role in susceptibility to affective disorders. Mol
Psychiatry. 1996;1:453-460.
5. Minov C, Baghai TC, Schule C, Zwanzger P, Schwarz MJ, Zill P, Rupprecht R,
Bondy B. Serotonin-2A-receptor and -transporter polymorphisms: lack of
association in patients with major depression. Neurosci Lett. 2001;303:119122.
6. Seretti A, Lilli R, Lorenzi C, Lattuada E, Cusin C, Smeraldi E. Serotonin transporter gene (5-HTTLPR) and major psychoses. Mol Psychiatry. 2002;7:95-99.
7. Bengel D, Murphy DL, Andrews AM, Wichems CH, Feltner D, Heils A, Mossner
R, Westphal H, Lesch KP. Altered brain serotonin homeostasis and locomotor
insensitivity to 3, 4-methylenedioxymethamphetamine (“Ecstasy”) in serotonin
transporter-deficient mice. Mol Pharmacol. 1998;53:649-655.
8. Moreno FA, Rowe DC, Kaiser B, Chase D, Michaels T, Gelernter J, Delgado PL.
Association between a serotonin transporter promoter region polymorphism and
mood response during tryptophan depletion. Mol Psychiatry. 2002;7:213-216.
9. Heinz A, Jones DW, Mazzanti C, Goldman D, Ragan P, Hommer D, Linnoila M, Weinberger DR. A relationship between serotonin transporter genotype and in vivo protein expression and alcohol neurotoxicity. Biol Psychiatry. 2000;47:643-649.
10. Willeit M, Stastny J, Pirker W, Praschak-Rieder N, Neumeister A, Asenbaum S,
Tauscher J, Fuchs K, Sieghart W, Hornik K, Aschauer HN, Brucke T, Kasper S.
No evidence for in vivo regulation of midbrain serotonin transporter availability
by serotonin transporter promoter gene polymorphism. Biol Psychiatry. 2001;
50:8-12.
11. Lauder JM. Neurotransmitters as growth regulatory signals: role of receptors
and second messengers. Trends Neurosci. 1993;16:233-240.
12. Gould E. Serotonin hippocampal neurogenesis. Neuropsychopharmacology. 1999;
21:46S-51S.
13. D’Amato RJ, Largent BL, Snowman AM, Snyder SH. Selective labeling of serotonin uptake sites in rat brain by [3H]citalopram contrasted to labeling of multiple sites by [3H]imipramine. J Pharmacol Exp Ther. 1987;242:364-371.
14. Hrdina PD, Foy B, Hepner A, Summers RJ. Antidepressant binding sites in brain:
autoradiographic comparison of [3H]paroxetine and [3H]imipramine localization
and relationship to serotonin transporter. J Pharmacol Exp Ther. 1990;252:410418.
15. Sur C, Betz H, Schloss P. Immuncytochemical detection of the serotonin transporter in rat brain. Neuroscience. 1996;73:217-231.
16. Gray JA, McNaughton N. Comparison between the behavioural effects of septal
and hippocampal lesions: a review. Neurosci Biobehav Rev. 1983;7:119-188.
17. Rosene DL, Van Hoesen GW. The hippocampal formation of the primate brain: a
review of some comparative aspects of cytoarchitecture and connections. In: Jones
EG, Peters A, eds. Cerebral Cortex. Vol 6. New York, NY: Plenum Press; 1987:
345-456.
18. Soares JC, Mann JJ. The anatomy of mood disorders: review of structural neuroimaging studies. Biol Psychiatry. 1997;41:86-106.
19. Sheline YI, Sanghavi M, Mintun MA, Gado MH. Depression duration but not age
predicts hippocampal volume loss in medically healthy women with recurrent
major depression. J Neurosci. 1999;19:5034-5043.
20. Steffens DC, Byrum CE, McQuoid DR, Greenberg DL, Payne ME, Blitchington TF,
MacFall JR, Krishnan KR. Hippocampal volume in geriatric depression. Biol Psychiatry. 2000;48:301-309.
21. Bremner JD, Narayan M, Anderson ER, Staib LH, Miller HL, Charney DS. Hippocampal volume reduction in major depression. Am J Psychiatry. 2000;157:
115-118.
22. MacQueen GM, Campbell S, McEwen BS, Macdonald K, Amano S, Joffe RT, Nahmias C, Young LT. Course of illness, hippocampal function, and hippocampal volume in major depression. Proc Natl Acad Sci U S A. 2003;100:1387-1392.
23. Sapolsky RM. Glucocorticoids and hippocampal atrophy in neuropsychiatric disorders. Arch Gen Psychiatry. 2000;57:925-935.
24. Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM. Neurobiology of depression. Neuron. 2002;34:13-25.

WWW.ARCHGENPSYCHIATRY.COM

©2004 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 10/31/2014

25. Müller MB, Lucassen PJ, Yassouridis A, Hoogendijk WJG, Holsboer F, Swaab
DF. Neither major depression nor glucocorticoid treatment affects the cellular
integrity of the human hippocampus. Eur J Neurosci. 2001;14:1603-1612.
26. Schatzberg AF. Major depression: causes or effects? Am J Psychiatry. 2002;
159:1077-1079.
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