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Transcranial magnetic stimulation (TMS) consists of a brief and
intense magnetic field, created by a strong electric current circulat-
ing within a coil resting on the scalp, that penetrates human tissues
painlessly and safely inducing electric currents that can depolarize
neurons or their axons. As a result, this may induce a subsequent
activation of the connected cortico-cortical and cortico-subcortical
networks. In its repetitive form (rTMS), a train of electromag-
netic pulses is applied on the scalp provoking, if repeated over
several days, a relatively long-lasting change in excitability. Dur-
ing the last decade, rTMS showed evidences of antidepressant
effectiveness as an add-on therapy to treat drug resistant mood
disorders [5,8,16,26], although reviews and meta-analyses reported
low rates of clinical response and several methodological lim-
itations [9,21]. The biological correlates of the antidepressant
effectiveness have not been completely clarified, even though sev-
eral evidences have suggested common mechanisms of action
with antidepressant drugs and electroconvulsive therapies. The
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ic stimulation (rTMS) is a painless and safe brain stimulation technique
tive in treating depression symptoms. The potential usefulness of rTMS, in
t patients, might be increased by identifying genetic predictors of efficacy.
investigated the role of two functional polymorphisms in the genes coding
5-HTTLPR) and the brain-derived neurotrophic factor (BDNF Val66Met),

of 36 drug resistant patients affected by mood disorders. rTMS treat-
pression symptomatology (p < 0.0001) and the response was significantly
gotes compared to S allele carriers (p = 0.007) and in BDNF Val/Val homozy-
rriers (p = 0.024). These findings provide evidences about the involvement
S antidepressant response. Further investigations in larger samples are
ss of 5-HTTLPR and BDNF Val66Met genotyping in the optimization of
ts in mood disorders.

© 2008 Elsevier Ireland Ltd. All rights reserved.

SLC6A4 gene contains a functional polymorphism (5-HTTLPR, 44-
bp insertion/deletion) resulting in a long (L)/short(S) variant in

the promoter region upstream of the transcription starting site.
The S allele determines decreased transcriptional activity and has
been associated with an increased susceptibility to develop mood
disorders in response to stressful life events [6], as well as with
poorer outcomes after antidepressant pharmacological and non-
pharmacological treatments [3,30]. In addition, a recent study
evidenced a significant influence of the 5-HTTLPR polymorphism
on treatment outcome both after active and sham rTMS stimula-
tions [35].

A functional polymorphism (SNP rs6265), producing a valine
(Val) to methionine (Met) substitution at the codon 66 (Val66Met)
in the proBDNF region, has been characterized in the BDNF gene,
exhibiting a detrimental effect on intracellular trafficking and
activity-dependent secretion and influencing hippocampal func-
tion, episodic memory and brain morphology [11,2]. Despite a
critical mass of evidences in clinical and animal model studies
that support a role of this neurotrophin in mood disorders [22],
recent meta-analyses do not indicate an involvement of the BDNF
Val66Met polymorphism in the susceptibility [15]. More proba-
bly, the polymorphism might play a role in subgroups of patients,
homogeneous for cluster of symptoms and clinical course [28],
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exposure to other genetic or environmental risk factors [19], or
resistance to drug treatment [1].

In this context, in order to investigate the potential of a
“pharmacogenetic approach” when tailoring non-pharmacological
treatments for mood disorders, we have analyzed possible associ-
ations between the two functional polymorphisms in the SLC6A4
and BDNF genes and the response to rTMS in a group of drug resis-
tant patients affected by mood disorders.

Thirty-six patients (29 females, 7 males; mean age ± S.D.:
59.67 ± 13.24 years; mean age at onset ± S.D.: 40.35 ± 15.03 years)
with depression symptomatology/symptoms planning to receive
rTMS treatment were enrolled in the study by the Psychiatric Unit
of IRCCS Fatebenefratelli (Brescia, Italy), after the approval of the
study protocol by the local Ethics Committee and the obtainment
of their informed consents. All subjects were of Caucasoid ancestry
and were living in the Northern Italy. The DSM IV diagnoses were
major depression for 31 subjects and bipolar disorder (depressive
phase) for five subjects and were formulated, by an expert psy-
chiatrist after meticulous diagnostic interviews. Severity of illness
was assessed using the 21-item Hamilton rating scale for depres-
sion (HAMD). Criteria for inclusion were as follow: baseline HAMD
(HAMD0) ≥17 and resistance to drug treatment defined as failure
to response in the current episode to at least two classes of antide-
pressants (courses of at least 8 weeks at standard dosages) (stage
II definition: [32]). Exclusion criteria were pregnancy, major medi-
cal or neurological disorders beyond the exclusion criteria for rTMS
[33].

The patients were deliberately not withdrawn from their current
drug treatment before the trial, and they were kept under constant
medication for 3 months prior to the enrolment and for the entire
study duration. In particular, 24 patients were receiving mono- or
combined therapies with selective serotonin reuptake inhibitors
(SSRIs), while 12 subjects were taking other antidepressants. The
mean dose as imipramine equivalents was 148.56 ± 49.77. Twelve
patients were receiving a concomitant treatment with typical
(seven subjects) and atypical antipsychotics (five subjects).

All the 36 subjects underwent an active rTMS treatment as
described elsewhere [23]. In particular, frequency of stimulation
was 1 Hz for 18 subjects and 17 Hz for the other 18 subjects;
these two frequencies had been previously found to have similar
effectiveness on depression [23]. rTMS treatment consisted of five
consecutive sessions of stimulation (in the morning) separated by
24 h.

A subgroup of 15 subjects (not different in any clinical or demo-

graphic variable from the subgroup of 21 subjects that received only
active rTMS) underwent also a sham treatment as they have been
included in a clinical trial setting with a double-blind, placebo-
controlled, cross-over design [23]. The two blocks of active and
sham stimulations were separated by an interval of 8 weeks: six
patients received real stimulation first, and nine first underwent
ineffective sham stimulation. In the sham treatment, a 25 mm thick
plywood shield, build to appear as an integral part of the appara-
tus, was interposed between the coil itself and the scalp, separating
the two ones. The ventral surface of the coil was upside down
and stimulus intensity was substantially decreased at 60% below
motor threshold. This ‘placebo condition’ has been shown com-
pletely ineffective in inducing cortical excitability [23].

Before starting the first stimulation session (HAMD0), and after
the last one (HAMD1), clinical evaluations were performed and
severity of illness was assessed by HAMD scores. Response to
treatment was defined as percentage decrease in HAMD scores
(%HAMD). An expert psychiatrist blind to the treatment performed
the ratings.

A blood sample for DNA extraction was taken from each subject
in the morning of the first day of treatment.
ce Letters 437 (2008) 130–134 131

Genomic DNA was isolated using a commercially available kit
(GENTRA).

At the end of all clinical evaluations, genotyping of 5-HTTLPR
and BDNF Val66Met was conducted as previously described [17,24].
Demographic and clinical characteristics in the samples stratified
for genotype were described either in terms of mean ± S.D. if quan-
titative, or in proportional terms. After checking for normality,
paired and Student’s t-tests were used when appropriate to evalu-
ate differences in quantitative variables. Qualitative variables were
tested by means of �2 and Fisher tests.

%HAMD variation in treatment response was evaluated in a
linear regression model. Every demographic, clinical and genetic
covariate was tested in a univariate analysis. A multiple regres-
sion was used to examine the simultaneous contribution of
the significant covariates and their interaction to the outcome
variable. Statistical analyses were performed using SPSS, Ver-
sion 13.0 (website: http://www.spss.com). Power analysis was
conducted using the software QUANTO Version 1.2 (website:
http://hydra.usc.edu/gxe).

Active rTMS treatment significantly improved depression symp-
tomatology in the whole study group of 36 subjects (mean
values ± S.D.: HAMD0 = 23.19 ± 5.12; HAMD1 = 17.50 ± 6.91; t = 6.51,
p < 0.0001) with an average percentage improvement of 25.29%
(%HAMD). No demographic (sex, age) or clinical variables (diagno-
sis, age at onset, number of previous treatments, HAMD0 scores,
type of drug SSRIs/others, dosage as imipramine equivalents,
antipsychotic treatment, and rTMS protocol 1 Hz/17 Hz) were found
to be statistically associated with rTMS response at univariate anal-
ysis.

Genotype distributions were: LL = 10, SL = 18, and SS = 8 for
5-HTTLPR polymorphism; and Val/Val = 20, Met/Val = 14, and
Met/Met = 2 for BDNF Val66Met. Genotypic groups were compared
considering a dominant effect of minor alleles for both polymor-
phisms, hypothesized on the basis of evidences coming from func-
tional studies on cortical excitability and plasticity [12,20] and data
from studies on antidepressant response [30]. As shown in Table 1,
no significant differences were observed in demographic character-
istics (age, sex), clinical features (diagnosis, age at onset, number
of previous treatments, HAMD0 scores), types of pharmacological
treatment during the study (SSRIs vs. other antidepressants, dosage
as imipramine equivalents, concomitant antipsychotic treatments),
and rTMS treatment protocols (1 Hz vs. 17 Hz) in the samples
defined by 5-HTTLPR and BDNF Val66Met genotypes (major allele
homozygotes vs. minor allele carriers). (Fig. 1a: 5-HTTLPR LL

homozygote 10 subjects: %HAMD = 40.49 ± 25.57; S carrier 26
subjects: %HAMD = 19.44 ± 17.51; Fig. 1b: BDNF Val/Val homozy-
gote 20 subjects: %HAMD = 32.36 ± 21.23; Met carrier 16 subjects:
%HAMD = 16.45 ± 19.90.) Univariate regression analysis resulted
in a significant increase in percentage symptom improvement
after rTMS treatment for both 5-HTTLPR LL and BDNF Val/Val
homozygotes (5-HTTLPR S carriers: r2 = 0.191, ˇ = −0.437, p = 0.008;
BDNF Met carriers: r2 = 0.134, ˇ = −0.366, p = 0.028). Multiple lin-
ear regression, simultaneously taking into account both 5-HTTLPR
S carrier and BDNF Met carrier genotypes, showed an indepen-
dent and more significant effect of both polymorphisms on %HAMD
reduction (5-HTTLPR S carriers: r2 = 0.308, ˇ = −0.418, p = 0.007;
BDNF Met carriers: r2 = 0.308, ˇ = −0.343, p = 0.024) after rTMS
treatment. Finally, the interaction between genotypes carrying
minor alleles of both polymorphisms was tested in the regression
model and was found to be not significant.

The independent effects of both polymorphisms were confirmed
also in a extended analysis of multiple linear regression consider-
ing the effects of main covariates (sex, diagnosis, rTMS protocol,
imipramine equivalents, antipsychotic treatment) (see Table A Sup-
plementary Results).

http://www.spss.com/
http://hydra.usc.edu/gxe
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Table 1
Patient demographic and clinical characteristics in the sample stratified for 5-HTTL

5-HTTLPR

LL S carriers

Number of subjects 10 26

Diagnosis
Major depression 8 23
Bipolar disorder 2 3

Agea 58.20 ± 14.98 60.23 ± 12.79
Sex (males)b 3 (0.30) 4 (0.15)
Age at onseta 41.70 ± 12.82 39.79 ± 16.08
Previous treatmentsa 2.80 ± 0.79 2.92 ± 1.21
HAMD0

a 23.40 ± 6.64 23.12 ± 4.56
Antidepressants (SSRIs/others)b 6 (0.60) 18 (0.69)
Imipramine equivalentsa 155.79 ± 55.97 145.78 ± 48.0
Antipsychoticsb 3 (0.30) 9 (0.34)
rTMS protocol (17 Hz:1 Hz)b (5:5) (13:13)

a Mean value ± S.D.
b Frequency.

Given our sample size, a post hoc analysis based on the allele
frequencies calculated from the sample genotype distribution

revealed a power of 81.33% and 65.39%, respectively to evidence
the observed effects on %HAMD reduction for 5-HTTLPR and BDNF
Val66Met minor allele carriers.

The subgroup of subjects that underwent also the sham rTMS
treatment showed an average symptom improvement of 13.05%
(mean values ± S.D.: HAMD0 = 24.53 ± 4.79; HAMD1 = 21.13 ± 4.53;
t = 3.37, p < 0.01). No differences in %HDRS score have been
found after sham treatment, between carrier and non-carrier of
minor alleles for either polymorphisms (5-HTTLPR LL homozy-
gote three subjects: %HAMD = 8.78 ± 4.23, S carrier 12 subjects:
%HAMD = 14.11 ± 16.83, F = 0.281, p = 0.605; BDNF Val/Val homozy-
gote 10 subjects: %HAMD = 16.52 ± 10.64, Met carrier five subjects:
%HAMD = 6.11 ± 21.46, F = 1.640, p = 0.223).

The present findings provide direct evidence of a role of the
5-HTTLPR and BDNF Val66Met functional polymorphisms in the
improvement of depression symptoms after rTMS treatment. In
particular, the response to rTMS was increased (average improve-
ment > 30%) in 5-HTTLPR LL and BDNF Val/Val homozygote subjects
for the genetic variants associated with increased protein activity.
The effects of the two polymorphisms in our sample were inde-

Fig. 1. %HAMD improvement (mean ± standard deviation) after rTMS treatment in 5-HTTL
%HAMD = 19.44 ± 17.51; F = 8.03, p = 0.008) and in BDNF Val/Val vs. Met carriers (b) BDNF V
F = 5.27, p = 0.028). Label = subject code.
BDNF Val66Met genotypes

BDNF Val66Met

p Val/Val Met carriers p

20 16

18 13
2 3

0.686 56.10 ± 13.71 64.13 ± 11.53 0.070
0.370 3 (0.15) 4 (0.25) 0.675
0.741 37.30 ± 14.80 44.71 ± 14.76 0.160
0.782 2.79 ± 0.98 3.00 ± 1.25 0.585
0.884 24.10 ± 5.60 22.06 ± 4.34 0.241
0.599 14 (0.70) 10 (0.63) 0.635
0.596 137.03 ± 41.73 162.95 ± 56.35 0.122
1.00 6 (0.30) 6 (0.37) 0.635
1.00 (10:10) (8:8) 0.643

pendent and no other demographic and clinical variable was found
to affect rTMS response. On the contrary, no influence of either

polymorphism on symptom improvement was observed after sham
treatment in a subsample of the same subjects.

The findings on the influence of BDNF Val66Met on rTMS treat-
ment were novel evidences, while the data on 5-HTTLPR were
partially overlapping recent results [35], obtained in sample of
99 subject that merged together drug resistant and non-resistant
patients from two randomized studies on rTMS effectiveness as
add-on therapy to pharmacological treatment. In this study the
authors reported an involvement of the polymorphism in the
response to treatment after both active and sham rTMS stimula-
tions. The divergences in the influence of 5-HTTLPR on the response
to sham treatment could be explained considering the different
experimental settings: the cross-over design of our study on drug
resistant patients in stable pharmacological treatment for at least 3
months before the enrolment might be more adequate to avoid spu-
rious effects of the polymorphism on the response to concomitant
drug treatment and on depressive episode length in subjects receiv-
ing the placebo treatment, as suggested by [35] and colleagues.
However, our data on sham response are only explorative consider-
ing the reduced group of subject that underwent also the inactive

PR LL vs. S carriers (a) 5-HTTLPR LL homozygotes: %HAMD = 40.49 ± 25.57; S carriers:
al/Val homozygotes: %HAMD = 32.36 ± 21.23; Met carriers: %HAMD = 16.45 ± 19.90;
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treatment and not allow us to exclude an effect of both polymor-
phisms on the placebo response.

These genetic variants might influence the response to treat-
ment by affecting molecular rTMS targets. In animal models, rTMS
treatment was found to be able to regulate serotonin neurotrans-
mission through the modulation of SLC6A4 mRNA expression [18],
a process that might be facilitated by the presence of the 5-
HTTLPR L allele. In parallel, both clinical [36] and preclinical studies
[25] evidenced a stimulatory effect of rTMS treatment on BDNF
expression and synthesis that might be enhanced by the pres-
ence of the Val variant associated with better functionality [11].
Together with their actions on the dynamic profiles, 5-HTTLPR
and BDNF Val66Met polymorphisms might contribute to individ-
ual differences in rTMS treatment outcome also influencing brain
morphological and functional variability [2,29]. 5-HTTLPR S car-
riers showed decreased anterior cingulate cortex and amygdale
volumes, increased volumes in the pulvinar nucleus of the tha-
lamus, as well as functional alterations in limbic circuits, striatal
and cortical regions [4,34]. Furthermore, the 5-HTTLPR genotype
influenced neural response in the anterior cingulate and dorso-
lateral prefrontal cortex in depressed patients treated with sleep
deprivation combined with light therapy [3]. Similarly, the BDNF
Met allele was associated with volume decreases in cortical regions
in healthy subjects [27] and in transgenic mice [7]. The prefrontal
cortex is involved in mood regulation and, generally, unbalanced
functioning of the two cortices has been associated with depression
symptoms [10], while the ability to non-invasively excite or inhibit
focal cortical areas with TMS has been demonstrated by several
studies [31].

Based upon the above, we hypothesize that 5-HTTLPR and BDNF
Val66Met polymorphisms might influence rTMS effectiveness by
inducing modifications in brain cortical excitability at the site of
stimulation as well as in related areas. In this regard, rTMS mea-
sures performed in functional studies evidenced differences in
cortical experience-dependent plasticity in subjects stratified for
BDNF Val66Met polymorphism [20], while 5-HTTLPR LL healthy
volunteers treated with citalopram showed increased motor cor-
tex excitability [12]. However, these results should be considered
as explorative, since some limitations to the study should be taken
into account. In particular, the study sample size was limited. Nev-
ertheless, a post hoc analysis estimated the sample power to be
adequate at least for the main analysis on 5-HTTLPR polymorphism,
given the magnitude of the observed effect on %HAMD reduction
for 5-HTTLPR minor allele carriers. Moreover, the group of patients

was heterogeneous, comprising unipolar and bipolar depressed
patients with a complex symptomatology, in treatment with dif-
ferent antidepressants. However, the preliminary analysis on our
sample revealed that no clinical or demographic characteristics
were statistically associated with rTMS response or were differ-
entially distributed among genotypes. Finally, rTMS seems to be
effective in treating depression [14], though [13] suggest that at
least 4 weeks of treatment are necessary to achieve clinically mean-
ingful benefit. Our experimental protocol was indeed brief (only 5
days) compare to these suggestions, nevertheless we provided that
a 5-day treatment was clinically more effective in patients carrying
the 5-HTTLPR LL and BDNF Val/Val genotypes, and this may be an
important factor to decide treatment duration in future protocols.

In conclusion, further investigations in larger samples with
longer follow-up are needed to go beyond these limitations and
to evaluate the usefulness in the clinical practice of 5-HTTLPR and
BDNF Val66Met genotyping to predict rTMS response. Replications
in larger samples will also permit to extend genetic analyses to
other polymorphisms in the same genes and to evaluate putative
gene–gene synergic effects and interactions with other clinical pre-
dictors of effectiveness. Our results provide new findings for the
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comprehension of biological mechanisms underlying rTMS treat-
ment of depression symptoms and suggest the potential usefulness
of “pharmacogenetic” investigation strategies in the optimization
of non-pharmacological treatments in mood disorders.
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