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a b s t r a c t

Background: The brain-derived neurotrophic factor (BDNF) gene often shows a single nucleotide poly-
morphism that is thought to influence synaptic plasticity. It also affects the modulatory effects of
repetitive transcranial magnetic stimulation (rTMS) on motor cortex excitability.
Objective: This study investigated whether BDNF polymorphism influences the effect of rTMS on the
motor recovery of patients with stroke.
Methods: Forty-four patients (mean age 53.8 years) experiencing unilateral motor weakness after stroke
were recruited. rTMS was applied over the primary motor cortex of the affected hemisphere at 10 Hz
with 1000 pulses/day for 10 days. Each patient’s motor functions were assessed using the Fugl-Meyer
assessment (FMA) and the box and block test (BBT) before, immediately after and 2 months after the
intervention. BDNF genotyping was performed via PCR assays of whole blood samples. The patients’ data
were grouped and analysed into Val/Val and Met allele groups according to the presence or absence of
the BDNF polymorphism.
Results: Nine patients (20.5%) were classified into the Val/Val group, and thirty-seven patients (79.5%)
were classified into the Met allele group. The patients’ baseline motor functions did not differ between
the two groups. The FMA and BBT scores showed significant improvement immediately after and 2
months after rTMS in both groups. In addition, the time and groups were found to interact significantly,
with the Val/Val group improving to a greater extent than the Met allele group in terms of their FMA and
BBT scores.
Conclusions: The findings suggest that the BDNF gene polymorphism negatively influences the effect of
rTMS on the motor recovery of upper extremities in stroke patients.
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Introduction

Repeated transcranial magnetic stimulation (rTMS) reportedly
has a beneficial effect on themotor functions of patients with stroke
[1e3]. In a previous study, it was found that a single session of 10 Hz
rTMS facilitated practice-dependent plasticity and improved motor
learning in patients with chronic stroke [4]. In addition, consecutive
multi-session rTMS applied during the subacute period of stroke
has had positive long-term effects on motor recovery [5e7]. How-
ever, even among healthy patients, the inter-individual response to
rTMS is highly variable [8], and a number of factors contribute to
this variability, such as the patient’s age [9], the time of day [10] and
the patient’s menstrual cycle [11].

Brain-derived neurotrophic factor (BDNF) is a member of the
neurotrophin family of growth factors and plays a major role in
neuronal survival, synaptic plasticity and learning andmemory [12].
A single nucleotide polymorphism (SNP) of the BDNF gene signifi-
cantly impairs the intracellular trafficking and activity-dependent
release of the BDNF [13,14]. Considering that one of the possible
mechanisms of rTMS in facilitating motor function is the promotion
of plastic changes in synaptic efficacy [8], BDNF polymorphismmay
affect the synaptic plasticity induced by rTMS in the human brain.
Consistent with such notions, a previous study reported decreased
or absent after-effects of theta burst stimulations in healthy patients
carrying the Met allele of the BDNF gene [15]. However, no reports
have considered the influence of BDNF polymorphism on the rTMS
effects in stroke patients. Thus, this study investigated whether
BDNF polymorphism significantly influences the beneficial effects
of rTMS on themotor functions and recovery of patientswith stroke.

Materials and methods

Study patients

Subacute stroke patients with unilateral motor weakness were
recruited according to the following inclusion criteria: (1) had suf-
fered their first-ever stroke, whether ischemic or hemorrhagic; (2)
were within a post-stroke onset time of less than 2 weeks; and (3)
had suffered moderate to severe motor impairment in their affected
upper extremities (an upper limb score of less than 40 according to
the Fugl-Meyer assessment (FMA-UL)) [16]. Patientswere excluded if
they had (1) suffered any clinically significant or unstable medical
disorder, (2) experienced any neuropsychiatric comorbidity, (3) suf-
fered direct injury to the primarymotor cortex, (4) suffered complete
internal carotid artery occlusion, (5) a history of seizure disorder or
post-stroke seizure or (6) an intracranial metallic implant.

Forty-seven stroke patients with hemiparesis were recruited in
accordance with these inclusion criteria. Three patients dropped
out during the experimental procedure for various personal rea-
sons, leaving forty-four patients in the final analysis (Fig. 1A). The
study protocol was approved by the Institutional Review Board of
Samsung Medical Center (CRS110051), and written informed con-
sent was obtained from all of the patients.

Experimental design

The study was designed as a parallel-group double-blind clinical
analysis. The patients’ motor functions were assessed prior to (Pre-
rTMS), immediately after (Post-rTMS) and 2 months after (Follow-
up) rTMS intervention (Fig. 1B).

Motor cortex mapping for determining the resting motor threshold

To determine the optimal scalp location and rTMS intensity,
single-pulse TMS was administered to each patient using a TMS

system (Magstim Rapid2� stimulator, Magstim Ltd., UK) and a
70 mm figure-eight coil before the 10-day rTMS intervention and
according to our previously reported protocol [7]. Once a hotspot
was identified, a single-pulse stimulus was delivered to the site to
determine the restingmotor threshold (RMT), defined as the lowest
stimulus intensity necessary to produce motor-evoked potentials
(MEPs) of a peak-to-peak amplitude � 50 mV in 5 of 10 subsequent
trials.

Repetitive transcranial magnetic stimulation

Over a 2-week period, the patients underwent 10 sessions of
rTMS to the primary motor cortex of the affected hemisphere. A
Magstim Rapid2� stimulator with two boostermodules was used to
administer the therapeutic rTMS. Fifty trains were applied at 10 Hz
for 5 s, and the coil over the target motor cortex area was applied at
90% RMT in correspondence with the paretic hand. For patients
with no apparent MEPs on the affected hemisphere, the hotspot
and intensity were determined using the mirror image of the
unaffected hemisphere [7]. One thousand pulses were delivered
with a 55 s inter-train interval consisting of 50 s of motor training
and 5 s of rest. The motor cortex was stimulated by holding the
figure-eight coil tangentially to the skull at an approximate 45�

angle to the midsagittal plane with the handle pointing posteriorly.
The rTMS protocols used in the study followed those used in pre-
vious reports [4,7,17] and rTMS application safety guidelines [18].
The motor practice consisted of 50 s of reaching and grasping
exercises, which were conducted after each rTMS train by the same
licensed physical therapist, who did not participate in the patients’
function evaluations. The motor training protocol included active
and active-assistive ranges of motion exercise of the affected

Figure 1. Experimental design. (A) Study flow chart. (B) rTMS and motor training
paradigm.
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