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Abstract

A few genetic variants are implicated in the development of blepharospasm (BSP). The precise role of the rs6265 on the
brain-derived neurotrophic factor (BDNF) gene on BSP remains controversial. The effect of rs6265 on BSP was evaluated.
206 patients with BSP and 206 healthy controls were recruited and genotyped for the rs6265. We also performed a meta-
analysis, by pooling our results with those from previous studies. A significant effect of rs6265 on the risk of BSP was found
in the dominant model of inheritance [odds ratio (OR) (95% confidence interval (CI) 1.52 (1.01-2.29), p =0.044]. Mutational
load analysis of rs6265 in the risk of BSP using the OR revealed that higher load of the “A” allele of rs6265 denotes higher
probability of a subject to develop BSP (OR(; 1.48; 95% CI 1.00-2.19). Finally, pooled results from the meta-analysis revealed
that the rs6265 is associated with an increased risk of BSP in the dominant model [OR 1.26; 95% CI 1.02-1.55, p,=0.03].
Also, higher load of the “A” allele of rs6265 denotes higher probability of a subject to develop BSP (ORg 1.26; 95% CI
1.04-1.53). The present study provides additional evidence to the existing knowledge concerning the contribution of the
rs6265 BDNF on the risk of developing BSP. While the pathophysiology and genetic susceptibility in BSP and focal dystonia
are only partially understood, it seems that BDNF and rs6265 may constitute one essential risk factor that is heavily involved.
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Introduction

Dystonia is a neurological movement disorder, whose nature
Evangelia E. Tsironi and Efthimios Dardiotis shared senior and etiology remain largely unknown (Charlesworth et al.
authorship 2013). Recently, the general definition, as well as the clas-
Electronic supplementary material The online version of this sification of dystonia, were updated by an international com-
article (https:/doi.org/10.1007/s12017-018-8519-5) contains mittee of dystonia experts (Albanese et al. 2013). The etiol-
supplementary material, which is available to authorized users. ogy and the clinical features are the two distinct axes of this
dystonia’s classification (Albanese et al. 2013).

Dystonia’s prevalence is estimated to be around 430 per
million (Defazio et al. 2004). Blepharospasm (BSP) and cer-
Laboratory of Neurogenetics, Department of Neurology, vical dystonia (CD) are considered to be the most common
g?oivgissitﬁw}iziiiﬁ ;’Ifi111“aiilslsgb[]i‘:r‘i’:;:ité;):egessaly’ forms of focal dystonia. The prevalence of BSP ranges from

PO, ’ ’ 16 to 133 per million (Defazio et al. 2004), whereas CD
appears to have a prevalence of 0.28% in the United States
(Jankovic et al. 2007). BSP is thought to be less common
than CD, however, in Japan and in Italy, BSP is more preva-
lent when compared to CD (Valls-Sole and Defazio 2016).

BSP is a sub-phenotype of focal dystonia and stems from
involuntary orbicularis oculi spasms (Defazio et al. 2017;
Xiromerisiou et al. 2013). It is usually bilateral, symmetric
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and synchronous (Defazio et al. 2015). BSP is also twice more
common in females compared to males, its age of onset is
between the fifth and the seventh decade, and it has a greater
tendency towards spreading to adjacent body parts compared
to other phenotypes of focal dystonia (Albanese et al. 2013;
Weiss et al. 2006; Defazio et al. 2009).

A few pathogenic genetic variants have been so far identi-
fied in monogenic cases of familial dystonia (Lohmann and
Klein 2017; Xiromerisiou et al. 2012). Moreover, results from
candidate gene association studies (CGASs) have revealed
specific genetic loci that may confer susceptibility to dystonia
(Siokas et al. 2017b). Increased plasticity is considered to be
a possible dystonia pathophysiological mechanism, among
others, as well (Kojovic et al. 2013; Quartarone et al. 2008).

Synaptic plasticity is influenced by the brain-derived neuro-
trophic factor (BDNF) (You et al. 2016; Belviranli and Okudan
2018). The human BDNF gene is located within chromosome
11, in region p13-14, and it spans ~70 kb (Cattaneo et al.
2016). The BDNF gene consists of 11 exons in the 5" end and
of 9 functional promoters as well (Pruunsild et al. 2007). The
rs6265 (G/A) is a common SNP across the prodomain region
of the BDNF gene (Liu et al. 2014). It results in the substitu-
tion of Val in amino acid position 66 with Met (Val — Met), a
substitution which may influence synaptic plasticity (Hemp-
stead 2015; Notaras et al. 2015; Anastasia and Hempstead
2014) and possibly predispose to dystonia and BSP (Chen
etal. 2013).

Studies that have been conducted so far, regarding the role
of rs6265 in dystonia (in general) and BSP, have yielded con-
flicting results (Sako et al. 2015; Gomez-Garre et al. 2014).
Moreover, two meta-analyses have, up to this date, evaluated
the effects of the rs6265 variant on dystonia (Gomez-Garre
et al. 2014; Sako et al. 2015). No significant association was
found in the overall dystonia group, as well as in CD and BSP
sub-phenotypes in the first one (Gomez-Garre et al. 2014),
whereas in the second, a statistically significant effect of the
AA genotype on the idiopathic dystonia risk was reported
(Sako et al. 2015).

In view of the former speculation, during the current study,
we wish to expand our understanding on the role of rs6265 as
a risk factor in BSP. First, we aimed to assess the association
of rs6265 in a Greek BSP cohort. Then we additionally per-
formed a supplementary meta-analysis that pooled our data
with the respective ones of previously published studies, in
order for validate the effect of rs6265 on the risk BSP.

Methods
Case-Control Study
Study Population

A total of 206 patients with BSP and 206 healthy individu-
als as controls were recruited during this study. All partici-
pants were Caucasians. None of the participants reported
a positive family history. BSP patients had been examined
at the Neurology and Ophthalmology outpatient clinics of
the University Hospital located in Larissa, Greece. BSP
was diagnosed by a specialist neurologist and a specialist
ophthalmologist. The study was approved by the University
of Thessaly Ethics Committee and informed consent was
received from all the participants.

Isolation of DNA and Genotyping

Genomic DNA was extracted from peripheral blood samples
using a salting out method as previously described (Siokas
et al. 2017a). The genotyping of the SNP was performed
with a TagMan allele-specific discrimination assays method
on an ABI PRISM 7900 Sequence Detection System and
analyzed with the SDS software (Applied Biosystems, Fos-
ter City, CA, USA) (Siokas et al. 2017c¢), by laboratory per-
sonnel blinded to the clinical status. The genotyping call rate
was >98.5%. In order for the genotyping reproducibility to
be assessed, a proportion equal to 10% of randomly selected
DNA samples, were genotyped for a second time, without
any inconsistency detected.

Statistical Analysis

The statistical power was estimated with the use of the CaTS
Power Calculator (http://csg.sph.umich.edu//abecasis/cats/
gas_power_calculator/index.html) (Skol et al. 2006). Our
study had 80.0% power to detect an association of a SNP
with a genetic relative risk of 1.48, under the assumption
of a multiplicative model, minor allele frequency of 23% in
BSP cases, type I error level of 0.05, in a sample consisting
of 206 healthy controls and 206 BSP cases. Using the exact
test, Hardy—Weinberg equilibrium (HWE) was calculated.
The differences of allelic and genotype frequencies between
the BSP patients and controls in the case—control cohort
were calculated with Fisher’s exact test and Pearson’s Chi-
square test.

Using the SNPStats software (http://bioinfo.iconcologi
a.net/SNPstats/) (Sole et al. 2006) and assuming five genetic
inheritance modes (co-dominant, over-dominant, dominant,
recessive, and additive), odds ratios (ORs) along with the
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respective 95% confidence intervals (Cls) were calculated.
In the co-dominant model, an overall p-value with 2 degrees
of freedom and two ORs were estimated for the SNP [one
for the heterozygosity for the mutant allele, compared to
the homozygosity for the wild allele (mt/wt vs. wt/wt) and
one for the homozygosity for the mutant allele compared
to the homozygosity for the wild allele (mt/mt vs. wt/wt)].
In the dominant mode, the sum of homozygosity for the
mutant allele and of the heterozygosity is compared with the
homozygosity for the wild allele (mt/mt + mt/wt vs. wt/wt).
In the recessive one, homozygosity for the mutant allele is
compared with the sum of homozygosity for the wild allele
and heterozygosity (mt/mt vs. mt/wt+ wt/wt). In the over-
dominant mode, heterozygosity is compared with the sum
of homozygosities (mt/wt vs. mt/mt+ wt/wt). Finally, under
the additive model, each copy of the mutant allele modifies
the risk in an additively so the homozygous for mutant allele
(mt/mt) has double risk compared with heterozygous (mt/
wt).

In order for the risk of BSP development to be estimated,
we used the generalized odds ratio (ORg) (Zintzaras 2010,
2012), making use of the ORGGASMA software (http://
www.biomath.uth.gr), among healthy controls and BSP
cases. ORGGASMA expresses the probability of being dis-
eased compared to the probability of being non-diseased,
given that the mutational load is higher in diseased than in
the non-diseased (Zintzaras 2010, 2012).

A p-value lower of 0.05 was set as the significance thresh-
old. Statistical analysis was carried out with SPSS version
17.0 for Windows (SPSS Inc., Chicago, IL, USA).

Supplementary Analysis
Meta-analysis
Literature Search

Eligible case—control CGAS were identified by searching
the PubMed database from its inception until the 4th of June
2018. The following search terms were included: (a) “dysto-
nia” or (b) “blepharospasm” in combination with the terms
“BDNF” and “polymorphism” as free words. The detailed
search algorithm is presented in the Supplementary File 1.
Titles and abstracts were reviewed to determine relevance.
Only articles written in English were included. The final
literature search was performed on June 4, 2018. Finally, the
bibliographies of the resulting full texts were searched for
other relevant citations. We additionally scanned the refer-
ence lists of the initially obtained articles, in an attempt to
identify any study that had probably failed to be identified.

We applied the following inclusion criteria: (a) stud-
ies with case—control design, with BSP cases and with
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neurologically healthy controls, (b) rs6265 variant of the
BDNF gene must have been genotyped, (c) genotypic fre-
quencies of BSP had to be available in either original pro-
tocols or in the previous meta-analyses. The participants in
each study were classified based on the initial phenotypic
classifications.

Data Extraction

Author, year of publication, populations’ ethnicities, num-
ber of cases and controls, mean age and gender distribu-
tion, family history, age at disease onset, TOR1A AGAG
mutation status, HWE, as well as examined dystonia phe-
notypes were extracted from each study, when available.
The procedure of the selection of the included studies is
available as flowchart in Supplementary File 2.

Statistical Analysis

The association between the rs6265 and BSP was esti-
mated by calculating the pooled ORs with the respective
95% Cls for the: (a) mt/mt genotype, (b) mt/wt genotype,
and (c¢) dominant model (mt/mt + wt/mt vs. wt/wt). With
the Z test, the significance of the OR was determined
(p <0.05 was considered statistically significant). Moreo-
ver, the association between genotype distribution and
phenotypic traits was quantified with the terms of ORg
and the respective 95% CIs ORs. Furthermore, OR and
95% Cls were also estimated in each included case—control
CGAS. An overall analysis, including studies regardless of
the participants’ ethnicity, and a subgroup analysis includ-
ing studies with European and Caucasian populations were
performed.

The Cochran’s Q and I? index were used to calculate
the statistical heterogeneity of the studies. When substan-
tial heterogeneity was present (po <0.10 and/or P>75%),
the random-effects model (the DerSimonian and Laird
method) was used (Theuns et al. 2014; DerSimonian
and Laird 1986). Otherwise, we applied the fixed-effects
model (the Mantel-Haenszel method) (Mantel and Haen-
szel 1959). Publication bias was graphically assessed with
the funnel plots. Linear regression asymmetry, in terms of
test by Egger (Egger et al. 1997), with p <0.10 set as the
threshold of publication bias, was also applied.

Statistical analyses were assessed using the Review
Manager (RevMan) Version 5.3 software (http://tech.
cochrane.org/revman). The ORs were estimated with the
ORGGASMA software (http://www.biomath.uth.gr). At
Supplementary File 3, the PRISMA guidelines, for the
present meta-analysis, are available.


http://www.biomath.uth.gr
http://www.biomath.uth.gr
http://tech.cochrane.org/revman
http://tech.cochrane.org/revman
http://www.biomath.uth.gr

NeuroMolecular Medicine (2019) 21:68-74

71

Results
Case-Control Study

A total of 206 BSP patients (54.9% female) and 206
healthy controls (matched for age and sex) were recruited
during this study. The mean age of blood selection was
67.32 +12.02 years and the mean age of onset was
61.15+12.03 years. No deviation from the HWE (p > 0.05)
was observed. There were no statistically significant differ-
ences of allelic (p=0.057) and genotype (p =0.13) frequen-
cies between the BSP patients and controls based on Fisher’s
exact test and Pearson’s Chi-square test. Allele and genotype
frequencies in BSP cases and in healthy controls are shown
in Table 1.

A statistically significant effect of rs6265 on the risk of
BSP emerged in the dominant mode [OR (95% CI): 1.52
(1.01-2.29), p=0.044]. No significant effect of rs6265 on
the risk of BSP was found in any of the co-dominant, reces-
sive, over-dominant and log-additive modes of inheritance
(»>0.05). ORs, ClIs, and p-values, for all modes, are avail-
able in Table 2. Lastly, analysis, with the ORg, of the effect
of the mutational load of rs6265 in the risk of BSP, using the
ORg;, revealed that higher load of the “A” allele of rs6265
denotes higher probability of a subject to develop BSP (ORg
1.48; 95% CI 1.00-2.19).

Supplementary Results
Meta-analysis

Study Selection Procedure and Characteristics
of the Included Studies

The search of the PubMed database (after removal of the
duplicates) yielded ten studies published between Decem-
ber 2008 and March 2015. Two independent reviewers (VS
and ED) screened titles and abstracts. Eight studies, eligible

Table 2 Single locus analysis for association between rs6265 (BDNF)
and BSP, in co-dominant, dominant, recessive, over-dominant and
log-additive modes

Mode Genotype OR (95% CI) p-value
Codominant G/G 1.00 0.13
G/A 1.53 (1.00-2.34)
A/A 1.48 (0.57-3.87)
Dominant G/G 1.00 0.044
G/A-A/A 1.52 (1.01-2.29)
Recessive G/G-G/A 1.00 0.6
A/A 1.29 (0.50-3.34)
Overdominant G/G-A/A 1.00 0.064
G/A 1.49 (0.98-2.27)
Log-additive - 1.39 (0.98-1.96) 0.061

BDNF brain-derived neurotrophic factor, BSP blepharospasm, CI
confidence interval, OR odds ratio

Statistical significant values are given in bold

for the current meta-analysis, were preserved. However, the
study of Sako et al. (2015) was excluded (Sako et al. 2015),
as it was a meta-analysis. From the seven remaining stud-
ies (Chen et al. 2013; Cramer et al. 2010; Gomez-Garre
et al. 2014; Ma et al. 2013; Martino et al. 2009; Svetel et al.
2013; Groen et al. 2012), it was not possible to retrieve the
genotypic frequencies for the BSP patients in three of those
(Groen et al. 2012; Ma et al. 2013; Cramer et al. 2010).
Therefore, four studies (Chen et al. 2013; Gomez-Garre et al.
2014; Martino et al. 2009; Svetel et al. 2013), along with the
current one, were finally included in the quantitative meta-
analysis, with a total of 572 BSP cases and 1745 healthy
controls. Detailed characteristics of the included case—con-
trol CGAS studies are presented in Supplementary Table 1.

Tests of Heterogeneity

No significant heterogeneity has been observed in any of the
analyses (I* <42.28% and Pq=0.13). Therefore, the fixed-
effects models were preferred, as extensively described in
“Methods” section.

Table 1 Allelic and genotype . SNP Genotypes/  Healthy controls BSP n=206 Whole sample n=412 p-value*
frequencies for BDNF rs6265 in _
. alleles n=206
healthy controls, in BSP cases
and whole sample 156265 n (%) n (%) n (%)
Genotype G/G 142 (0.60) 120 (0.6) 262 (0.65) 0.13
G/A 55 (0.27) 71 (0.35) 126 (0.31)
A/A 8 (0.04) 10 (0.05) 18 (0.04)
Allele G 339 (0.83) 311 (0.77) 650 (0.8) 0.057
A 71(0.17) 91 (0.23) 162 (0.2)

SNP single-nucleotide polymorphism, BDNF brain-derived neurotrophic factor, BSP blepharospasm

*Comparison of the genotype distribution and of the allele frequency between BSP patients and HCs
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Publication Bias

Funnel plots (Supplementary Figs. 1 and 2) did not provide
indication of any significant asymmetry, in any comparison.
No indication of publication bias was presented either, based
on the results from Egger’s test (p =0.812 for the overall
analysis, and p =0.778 for the analysis of the Caucasian/
European subgroup).

Results

The main results are depicted with forest plots in Supple-
mentary Fig. 3 for the overall analysis, and in Supplemen-
tary Fig. 4, for the subgroup analysis of Caucasian/European
cohorts. A marginal association for the rs6265 in dominant
model was found. More precisely, the rs6265 is associ-
ated with an increased risk of BSP in the dominant model
(GA+AA vs. GG) [OR 1.26;95% CI 1.02-1.55, p,=0.03].
The genotypic frequencies and the respective results with
the model-free approach (ORgs) are shown in Supplemen-
tary Table 2. Overall, in the model-free approach, increased
mutational load of the “A” allele of rs6265 denotes higher
probability of a subject to develop BSP (ORg 1.26; 95% CI
1.04-1.53).

Discussion

In the current study, we carried out a case—control study,
including a notable number of participants, and we aimed to
explore the effect of rs6265 BNDF on the risk of BSP. Based
on our results, a marginally statistically significant implica-
tion of the rs6265 on the risk of BSP was detected. These
results are also validated, after a pooled meta-analysis, with
the results yielded from previous studies. Our meta-analysis
vastly increases the number of meta-analyses currently avail-
able for dystonia (Siokas et al. 2017b; Gomez-Garre et al.
2014; Groen et al. 2013; Newman et al. 2012; Sako et al.
2015). However, it is only the third regarding the role of
rs6265 on dystonia (Gomez-Garre et al. 2014; Sako et al.
2015), and only the second which targets the BSP focal-
dystonia sub-phenotype (Gomez-Garre et al. 2014).
Previous CGASs rarely did analyze genetic variants
after stratification to BSP phenotype. Consequently, only
a few genetic variants have been associated with BSP.
More precisely, allele 2 of the DRDS5 and the D1.1 of D1
receptor gene have been associated with BSP (Misbahud-
din et al. 2002). Furthermore, the minor allele rs1182 of
the TOR1A gene has been found to influence the spread
of BSP to adjacent body regions (Defazio et al. 2009).
The most widely tested variant regarding BSP seems
to be rs6265 of BDNF. Apart from the association with
BSP (Chen et al. 2013), rs6265 has been reported to be
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associated with CD (Cramer et al. 2010) and with bilateral
postural arm tremor in CD patients as well (Groen et al.
2012).

To the best of our knowledge, until today, a genome-wide
association study (GWAS) in a BSP cohort has not been con-
ducted. However, two GWASs regarding other focal dysto-
nias have been materialized (Lohmann et al. 2014; Mok et al.
2014). According to these GWASSs, there is a preliminary
indication that variants across arylsulfatase G (ARSG) may
confer susceptibility towards musician’s dystonia, and across
sodium leak channel (NALCN) towards focal CD (Lohm-
ann et al. 2014; Mok et al. 2014). Recently, a few deleteri-
ous variants in CACNA1A, DNAH17, TRPV4, CAPNI11,
VPS13C, UNC13B, SPTBN4, MYOD1, and MRPL15 have
been detected through whole-exome sequencing (WES) on
31 subjects from 21 independent pedigrees with BSP (Tian
et al. 2018).

Absence of the rs6265 results in normal BDNF, with
valine (Val) at codon 66 within the prodomain region of
BNDF, leading to normal BDNF-TRKB signaling, which
in turn leads to normal neuronal plasticity (Anastasia and
Hempstead 2014; Hempstead 2015; Notaras et al. 2015).
On the contrary, the rs6265 leads to Val66Met substitution
and impairs the release of BDNF from neurons, while also
changing the structure of the BDNF prodomain (Met pro-
domain) (Anastasia and Hempstead 2014; Hempstead 2015;
Notaras et al. 2015). The decreased BDNF release leads to
decreased BDNF-TRKB signaling, which leads to impaired
neuronal plasticity (Anastasia and Hempstead 2014; Hemp-
stead 2015; Notaras et al. 2015).

The current study carries also some limitations. Firstly,
the analysis was materialized irrespective of the AGAG
mutation status of the BSP subjects. Moreover, the inclu-
sion of additional risk environmental factors in the regres-
sion models (Dardiotis et al. 2018) would have given more
robust results.

In conclusion, our results provide additional evidence
to the existing literature concerning the contribution of
the rs6265 BDNF on the risk of developing BSP. While
the underlying pathophysiology and genetic susceptibility
in BSP and focal dystonia are only partially understood, it
seems that BDNF may constitute one essential risk factor
that is heavily involved. Replication collaborative studies
and GWAS in other, preferably larger, multiethnic BSP
samples are needed in order for the matter to be further
elucidated.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest.

Informed Consent Informed consent was obtained from all individual
participants included in the study.



NeuroMolecular Medicine (2019) 21:68-74

73

References

Albanese, A., Bhatia, K., Bressman, S. B., Delong, M. R., Fahn, S.,
Fung, V. S., et al. (2013). Phenomenology and classification of
dystonia: A consensus update. Movement Disorder, 28(7), 863—
873. https://doi.org/10.1002/mds.25475.

Anastasia, A., & Hempstead, B. L. (2014). BDNF function in health
and disease (Poster). Nature Reviews Neuroscience, 15(2). https
://[www.nature.com/nrn/posters/bdnf/index.html.

Belviranli, M., & Okudan, N. (2018). Exercise training protects against
aging-induced cognitive dysfunction via activation of the hip-
pocampal PGC-1alpha/FNDC5/BDNF pathway. Neuromolecular
Medicine. https://doi.org/10.1007/s12017-018-8500-3.

Cattaneo, A., Cattane, N., Begni, V., Pariante, C. M., & Riva, M.
A. (2016). The human BDNF gene: Peripheral gene expres-
sion and protein levels as biomarkers for psychiatric disorders.
Translational Psychiatry, 6(11), €958. https://doi.org/10.1038/
tp.2016.214.

Charlesworth, G., Bhatia, K. P., & Wood, N. W. (2013). The genetics of
dystonia: New twists in an old tale. Brain, 136(Pt 7), 2017-2037.
https://doi.org/10.1093/brain/awt138.

Chen, Y., Song, W., Yang, J., Chen, K., Huang, R., Zhao, B., et al.
(2013). Association of the Val66Met polymorphism of the BDNF
gene with primary cranial-cervical dystonia patients from South-
west China. Parkinsonism & Related Disorders, 19(11), 1043—
1045. https://doi.org/10.1016/j.parkreldis.2013.06.004.

Cramer, S. C., Sampat, A., Haske-Palomino, M., Nguyen, S., Pro-
caccio, V., & Hermanowicz, N. (2010). Increased prevalence
of val(66)met BDNF genotype among subjects with cervi-
cal dystonia. Neuroscience Letters, 468(1), 42—45. https://doi.
org/10.1016/j.neulet.2009.10.059.

Dardiotis, E., Siokas, V., Sokratous, M., Tsouris, Z., Michalopou-
lou, A., Andravizou, A., et al. (2018). Genetic polymorphisms
in amyotrophic lateral sclerosis: Evidence for implication in
detoxification pathways of environmental toxicants. Environ-
ment International, 116, 122—135. https://doi.org/10.1016/j.envin
t.2018.04.008.

Defazio, G., Abbruzzese, G., Livrea, P., & Berardelli, A. (2004). Epi-
demiology of primary dystonia. The Lancet Neurology, 3(11),
673-678. https://doi.org/10.1016/s1474-4422(04)00907-x.

Defazio, G., Hallett, M., Jinnah, H. A., Conte, A., & Berardelli, A.
(2017). Blepharospasm 40 years later. Movement Disorders, 32(4),
498-509. https://doi.org/10.1002/mds.26934.

Defazio, G., Hallett, M., Jinnah, H. A., Stebbins, G. T., Gigante, A.
F., Ferrazzano, G., et al. (2015). Development and validation of a
clinical scale for rating the severity of blepharospasm. Movement
Disorders, 30(4), 525-530. https://doi.org/10.1002/mds.26156.

Defazio, G., Matarin, M., Peckham, E. L., Martino, D., Valente, E. M.,
Singleton, A., et al. (2009). The TOR1A polymorphism rs1182
and the risk of spread in primary blepharospasm. Movement Dis-
orders, 24(4), 613-616. https://doi.org/10.1002/mds.22471.

DerSimonian, R., & Laird, N. (1986). Meta-analysis in clinical trials.
Controlled Clinical Trials, 7(3), 177-188.

Egger, M., Davey Smith, G., Schneider, M., & Minder, C. (1997).
Bias in meta-analysis detected by a simple, graphical test. Bmyj,
315(7109), 629-634.

Gomez-Garre, P., Huertas-Fernandez, 1., Caceres-Redondo, M. T.,
Alonso-Canovas, A., Bernal-Bernal, 1., Blanco-Ollero, A., et al.
(2014). BDNF Val66Met polymorphism in primary adult-onset
dystonia: A case-control study and meta-analysis. Movement Dis-
orders, 29(8), 1083-1086. https://doi.org/10.1002/mds.25938.

Groen, J. L., Ritz, K., Tanck, M. W., van de Warrenburg, B. P., van
Hilten, J. J., Aramideh, M., et al. (2013). Is TOR1A a risk factor in
adult-onset primary torsion dystonia? Movement Disorders, 28(6),
827-831. https://doi.org/10.1002/mds.25381.

Groen, J. L., Ritz, K., Velseboer, D. C., Aramideh, M., van Hilten, J.
J., Boon, A. J., et al. (2012). Association of BDNF Met66Met
polymorphism with arm tremor in cervical dystonia. Movement
Disorders, 27(6), 796—797. https://doi.org/10.1002/mds.24922.

Hempstead, B. L. (2015). Brain-derived neurotrophic factor: Three
ligands, many actions. Transactions of the American Clinical and
Climatological Association, 126, 9-19.

Jankovic, J., Tsui, J., & Bergeron, C. (2007). Prevalence of cervical
dystonia and spasmodic torticollis in the United States general
population. Parkinsonism & Related Disorders, 13(7), 411-416.
https://doi.org/10.1016/j.parkreldis.2007.02.005.

Kojovic, M., Parees, 1., Kassavetis, P., Palomar, F. J., Mir, P, Teo, J. T.,
et al. (2013). Secondary and primary dystonia: Pathophysiological
differences. Brain, 136(Pt 7), 2038-2049. https://doi.org/10.1093/
brain/awt150.

Liu, M. E., Huang, C. C., Chen, M. H,, Yang, A. C., Tu, P. C., Yeh,
H. L., etal. (2014). Effect of the BDNF Val66Met polymorphism
on regional gray matter volumes and cognitive function in the
Chinese population. Neuromolecular Medicine, 16(1), 127-136.
https://doi.org/10.1007/s12017-013-8265-7.

Lohmann, K., & Klein, C. (2017). Update on the genetics of dystonia.
Current Neurology and Neuroscience Reports, 17(3), 26. https://
doi.org/10.1007/s11910-017-0735-0.

Lohmann, K., Schmidt, A., Schillert, A., Winkler, S., Albanese, A.,
Baas, F., et al. (2014). Genome-wide association study in musi-
cian’s dystonia: A risk variant at the arylsulfatase G locus?
Movement Disorders, 29(7), 921-927. https://doi.org/10.1002/
mds.25791.

Ma, L., Chen, Y., Wang, L., Yang, Y., Cheng, F., Tian, Y., et al. (2013).
Brain-derived neurotrophic factor Val66Met polymorphism is not
associated with primary dystonia in a Chinese population. Neu-
roscience Letters, 533, 100—-103. https://doi.org/10.1016/j.neule
t.2012.11.037.

Mantel, N., & Haenszel, W. (1959). Statistical aspects of the analysis of
data from retrospective studies of disease. Journal of the National
Cancer Institute, 22(4), 719-748.

Martino, D., Muglia, M., Abbruzzese, G., Berardelli, A., Girlanda, P.,
Liguori, M., et al. (2009). Brain-derived neurotrophic factor and
risk for primary adult-onset cranial-cervical dystonia. European
Journal of Neurology, 16(8), 949-952. https://doi.org/10.111
1/j.1468-1331.2009.02633..x.

Misbahuddin, A., Placzek, M. R., Chaudhuri, K. R., Wood, N. W.,
Bhatia, K. P., & Warner, T. T. (2002). A polymorphism in the
dopamine receptor DRDS is associated with blepharospasm. Neu-
rology, 58(1), 124—126.

Mok, K. Y., Schneider, S. A., Trabzuni, D., Stamelou, M., Edwards,
M., Kasperaviciute, D., et al. (2014). Genomewide association
study in cervical dystonia demonstrates possible association with
sodium leak channel. Movement Disorders, 29(2), 245-251. https
://doi.org/10.1002/mds.25732.

Newman, J. R., Sutherland, G. T., Boyle, R. S., Limberg, N., Blum,
S., O’Sullivan, J. D., et al. (2012). Common polymorphisms in
dystonia-linked genes and susceptibility to the sporadic primary
dystonias. Parkinsonism & Related Disorders, 18(4), 351-357.
https://doi.org/10.1016/j.parkreldis.2011.11.024.

Notaras, M., Hill, R., & van den Buuse, M. (2015). The BDNF gene
Val66Met polymorphism as a modifier of psychiatric disorder
susceptibility: Progress and controversy. Molecular Psychiatry,
20(8), 916-930. https://doi.org/10.1038/mp.2015.27.

Pruunsild, P., Kazantseva, A., Aid, T., Palm, K., & Timmusk, T. (2007).
Dissecting the human BDNF locus: Bidirectional transcription,
complex splicing, and multiple promoters. Genomics, 90(3),
397—-406. https://doi.org/10.1016/j.ygeno.2007.05.004.

Quartarone, A., Morgante, F., Sant’angelo, A., Rizzo, V., Bagnato, S.,
Terranova, C., et al. (2008). Abnormal plasticity of sensorimotor
circuits extends beyond the affected body part in focal dystonia.

@ Springer


https://doi.org/10.1002/mds.25475
https://www.nature.com/nrn/posters/bdnf/index.html
https://www.nature.com/nrn/posters/bdnf/index.html
https://doi.org/10.1007/s12017-018-8500-3
https://doi.org/10.1038/tp.2016.214
https://doi.org/10.1038/tp.2016.214
https://doi.org/10.1093/brain/awt138
https://doi.org/10.1016/j.parkreldis.2013.06.004
https://doi.org/10.1016/j.neulet.2009.10.059
https://doi.org/10.1016/j.neulet.2009.10.059
https://doi.org/10.1016/j.envint.2018.04.008
https://doi.org/10.1016/j.envint.2018.04.008
https://doi.org/10.1016/s1474-4422(04)00907-x
https://doi.org/10.1002/mds.26934
https://doi.org/10.1002/mds.26156
https://doi.org/10.1002/mds.22471
https://doi.org/10.1002/mds.25938
https://doi.org/10.1002/mds.25381
https://doi.org/10.1002/mds.24922
https://doi.org/10.1016/j.parkreldis.2007.02.005
https://doi.org/10.1093/brain/awt150
https://doi.org/10.1093/brain/awt150
https://doi.org/10.1007/s12017-013-8265-7
https://doi.org/10.1007/s11910-017-0735-0
https://doi.org/10.1007/s11910-017-0735-0
https://doi.org/10.1002/mds.25791
https://doi.org/10.1002/mds.25791
https://doi.org/10.1016/j.neulet.2012.11.037
https://doi.org/10.1016/j.neulet.2012.11.037
https://doi.org/10.1111/j.1468-1331.2009.02633.x
https://doi.org/10.1111/j.1468-1331.2009.02633.x
https://doi.org/10.1002/mds.25732
https://doi.org/10.1002/mds.25732
https://doi.org/10.1016/j.parkreldis.2011.11.024
https://doi.org/10.1038/mp.2015.27
https://doi.org/10.1016/j.ygeno.2007.05.004

74

NeuroMolecular Medicine (2019) 21:68-74

Journal of Neurology, Neurosurgery & Psychiatry, 79(9), 985—
990. https://doi.org/10.1136/jnnp.2007.121632.

Sako, W., Murakami, N., [zumi, Y., & Kaji, R. (2015). Val66Met
polymorphism of brain-derived neurotrophic factor is associated
with idiopathic dystonia. Journal of Clinical Neuroscience, 22(3),
575-5717. https://doi.org/10.1016/j.jocn.2014.08.014.

Siokas, V., Dardiotis, E., Sokolakis, T., Kotoula, M., Tachmitzi, S. V.,
Chatzoulis, D. Z., et al. (2017a). Plasminogen activator inhibi-
tor type-1 tag single-nucleotide polymorphisms in patients with
diabetes mellitus type 2 and diabetic retinopathy. Current Eye
Research, 42(7), 1048—1053. https://doi.org/10.1080/02713
683.2016.1276197.

Siokas, V., Dardiotis, E., Tsironi, E. E., Tsivgoulis, G., Rikos, D.,
Sokratous, M., et al. (2017b). The role of TOR1A polymorphisms
in dystonia: A systematic review and meta-analysis. PLoS ONE,
12(1), €0169934. https://doi.org/10.1371/journal.pone.0169934.

Siokas, V., Fotiadou, A., Dardiotis, E., Kotoula, M. G., Tachmitzi, S.
V., Chatzoulis, D. Z., et al. (2017¢c). SLC2A1 tag SNPs in Greek
patients with diabetic retinopathy and nephropathy. Ophthalmic
Research. https://doi.org/10.1159/000480241.

Skol, A. D., Scott, L. J., Abecasis, G. R., & Boehnke, M. (2006). Joint
analysis is more efficient than replication-based analysis for two-
stage genome-wide association studies. Nature Genetics, 38(2),
209-213. https://doi.org/10.1038/ng1706.

Sole, X., Guino, E., Valls, J., Iniesta, R., & Moreno, V. (2006).
SNPStats: A web tool for the analysis of association studies. Bio-
informatics, 22(15), 1928-1929. https://doi.org/10.1093/bioin
formatics/btl268.

Svetel, M. V., Djuric, G., Novakovic, 1., Dobricic, V., Stefanova, E.,
Kresojevic, N., et al. (2013). A common polymorphism in the
brain-derived neurotrophic factor gene in patients with adult-onset
primary focal and segmental dystonia. Acta Neurologica Belgica,
113(3), 243-245. https://doi.org/10.1007/s13760-013-0183-9.

Theuns, J., Verstraeten, A., Sleegers, K., Wauters, E., Gijselinck, 1.,
Smolders, S., et al. (2014). Global investigation and meta-analysis

@ Springer

of the C9orf72 (G4C2)n repeat in Parkinson disease. Neurology,
83(21), 1906-1913. https://doi.org/10.1212/wnl.0000000000
001012.

Tian, J., Vemula, S. R., Xiao, J., Valente, E. M., Defazio, G., Petrucci,
S., etal. (2018). Whole-exome sequencing for variant discovery in
blepharospasm. Molecular Genetics & Genomic Medicine. https
://doi.org/10.1002/mgg3.411.

Valls-Sole, J., & Defazio, G. (2016). Blepharospasm: Update on epi-
demiology, clinical aspects, and pathophysiology. Front Neurol.
7,45. https://doi.org/10.3389/fneur.2016.00045.

Weiss, E. M., Hershey, T., Karimi, M., Racette, B., Tabbal, S. D., Mink,
J. W., et al. (2006). Relative risk of spread of symptoms among
the focal onset primary dystonias. Movement Disorders, 21(8),
1175-1181. https://doi.org/10.1002/mds.20919.

Xiromerisiou, G., Dardiotis, E., Tsironi, E. E., Hadjigeorgiou, G., Ralli,
S., Kara, E., et al. (2013). THAP1 mutations in a Greek primary
blepharospasm series. Parkinsonism & Related Disorders, 19(3),
404-405. https://doi.org/10.1016/j.parkreldis.2012.08.015.

Xiromerisiou, G., Houlden, H., Scarmeas, N., Stamelou, M., Kara,
E., Hardy, J., et al. (2012). THAPI mutations and dystonia phe-
notypes: Genotype phenotype correlations. Movement Disorders,
27(10), 1290-1294. https://doi.org/10.1002/mds.25146.

You, H. J., Park, J. H., Pareja-Galeano, H., Lucia, A., & Shin, J. L.
(2016). Targeting MicroRNAs involved in the BDNF signaling
impairment in neurodegenerative diseases. Neuromolecular Medi-
cine, 18(4), 540-550. https://doi.org/10.1007/s12017-016-8407-9.

Zintzaras, E. (2010). The generalized odds ratio as a measure of genetic
risk effect in the analysis and meta-analysis of association studies.
Statistical Applications in Genetics and Molecular Biology. https
://doi.org/10.2202/1544-6115.1542.

Zintzaras, E. (2012). The power of generalized odds ratio in assessing
association in genetic studies with known mode of inheritance.
Journal of Applied Statistics, 39(12), 2569-2581. https://doi.
org/10.1080/02664763.2012.722611.


https://doi.org/10.1136/jnnp.2007.121632
https://doi.org/10.1016/j.jocn.2014.08.014
https://doi.org/10.1080/02713683.2016.1276197
https://doi.org/10.1080/02713683.2016.1276197
https://doi.org/10.1371/journal.pone.0169934
https://doi.org/10.1159/000480241
https://doi.org/10.1038/ng1706
https://doi.org/10.1093/bioinformatics/btl268
https://doi.org/10.1093/bioinformatics/btl268
https://doi.org/10.1007/s13760-013-0183-9
https://doi.org/10.1212/wnl.0000000000001012
https://doi.org/10.1212/wnl.0000000000001012
https://doi.org/10.1002/mgg3.411
https://doi.org/10.1002/mgg3.411
https://doi.org/10.3389/fneur.2016.00045
https://doi.org/10.1002/mds.20919
https://doi.org/10.1016/j.parkreldis.2012.08.015
https://doi.org/10.1002/mds.25146
https://doi.org/10.1007/s12017-016-8407-9
https://doi.org/10.2202/1544-6115.1542
https://doi.org/10.2202/1544-6115.1542
https://doi.org/10.1080/02664763.2012.722611
https://doi.org/10.1080/02664763.2012.722611

	BDNF rs6265 (Val66Met) Polymorphism as a Risk Factor for Blepharospasm
	Abstract
	Introduction
	Methods
	Case–Control Study
	Study Population
	Isolation of DNA and Genotyping
	Statistical Analysis


	Supplementary Analysis
	Meta-analysis
	Literature Search
	Data Extraction
	Statistical Analysis


	Results
	Case–Control Study

	Supplementary Results
	Meta-analysis
	Study Selection Procedure and Characteristics of the Included Studies
	Tests of Heterogeneity
	Publication Bias
	Results


	Discussion
	References


