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Abstract

Essential tremor (ET), which is one of the most common movement disorders, may lead to severe interference in
quality of life. The first genome-wide association study (GWAS) has identified an association of the LINGO1 variant
(rs9652490) with ET in Americans and Europeans. Recently, a second GWAS that was performed in a European
population has discovered a new variant (rs3794087) of the main glial glutamate transporter (SLC1A2) that increases
the risk of ET with an odds ratio of about 1.4. SLC1A2 encodes for the major glial high-affinity glutamate reuptake
transporter in the brain and is a potential ET susceptibility gene. Because replication in a different ethnic population is
important for validating a finding, we conducted a case-control study to investigate the SLC1A2 variant in an Asian
cohort with ET in Taiwan. A total of 542 subjects (273 ET patients and 269 controls) were included. The results
showed that rs3794087 was associated with ET among the Taiwanese. The odds ratio was 1.37. Our results were
similar to those of the second GWAS of ET in Europeans, and this confirms that SLC1A2 may be a good functional
candidate gene for ET. A replication study in another independent population is of importance to validate this
association.
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Introduction

Essential tremor (ET), which is one of the most common
movement disorders, has a prevalence of 4% after age 40 and
6% after age 65, and it equally affects men and women [1–3].
According to the consensus statement of the movement
disorder society on tremor, ET is classically defined mainly by
postural tremor of the hands and sometimes of the head [3]. A
positive family history has been reported in approximately
50-70% of ET patients in a previous study, and a positive
family history for ET is usually associated with a younger age
of onset [4,5]. A possible autosomal dominant inheritance
pattern with high, but not full, penetrance has been noticed
[6–8]. Up to now, three loci have been identified by linkage
mapping analysis [9–11], but no definite ET genes have been
found [3,4,12,13],

The first genome wide association study (GWAS) for ET
found an association of 2 variant sequences (rs9652490 and
rs11856808) in the LINGO1 gene and ET in Europeans and
Americans [6,14–16]. A second GWAS study has revealed an
association between the single nucleotide polymorphism (SNP)

rs3794087 in intron 4 of the main glial glutamate transporter
(SLC1A2) gene and ET in Germans and Europeans [17]. In
order to understand genetic effects across different
populations, we aimed to investigate the genetic susceptibilities
of the rs1564282 SNP in SLC1A2 among the Han Chinese in
Taiwan population.

Methods

Patient population
A total of 273 patients who were diagnosed with probable ET

were enrolled. ET was diagnosed according to the Tremor
Investigation Group criteria [2]. The inclusion criteria of
probable ET are the following: bilateral posture tremor with or
without kinetic tremor involving the hands and forearms; tremor
that is confined to body parts other than the hands; tremor
duration of at least 3 years; and no other neurological deficits.
A total of 296 healthy adult volunteers who were enrolled as a
control group were matched to the patient group for age,
gender, ethnic origin, and area of residence. All subjects gave
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written informed consents for the study (No 99-0896 A3) under
a protocol approved by Chang Gung Medical Foundation
Institutional Review Board.

Genetic analysis
DNA was extracted from leukocytes with standard protocols.

The prevalence of the polymorphism rs3794087, which is an
intronic variant in SLC1A2, was determined with the
polymerase chain reaction (PCR)-restriction fragment length
polymorphism method. The sequences of the primers were as
follows: 5′-CTGTTGACCTAAGACGTAATGG-3′ (forward
primer) and 5′-CCATAGGAAGCAATGCTGAAC-3′ (reverse
primer). The PCR was conducted in a reaction containing 100
ng genomic DNA, 0.2 mM of each primer, 0.2 mM dNTPs, 2.0
mM MgCl2, and 0.5 U Taq polymerase. The thermal cycling
conditions consisted of 95° C for 4 min, which was followed by
40 cycles of 95° C for 30 s, 55.4° C for 30 s, and 72° C for 30 s.
A final extension step of 72° C for 10 min was followed by a 4°
C hold cycle. The amplified PCR fragments were digested with
HpyCH4III (New England BioLabs, Inc., Ipswich, MA, USA) and
separated on a 2.0% agarose gel. The variant (rs 3794087A)
eliminate a HpyCH4III restriction site on the PCR product such
that such that, upon digestion, a 442-bp fragment appeared
instead of 297 and 145 bp fragments, as was the case for the
wild type (rs 3794087G).

Statistical analysis
Chi square tests were used to compare the frequency of the

alleles and the genotypes in both cases and controls. Odds
ratios (OR) and 95% confidence intervals (CI) were estimated.
Statistical significance was defined as p values less than 0.05.

Results

A total of 542 subjects (273 ET patients and 269 normal
controls) were included. The mean age at recruitment of the ET
patients was 60.3 ± 14.5 years, and the mean age of onset of
the ET symptoms was 55.3 ± 16.9 years. Of the ET patients,
47.1% were males, and 25.7% of them had a positive family
history of ET. The mean age of recruitment of the 269 controls
(47.9% male) was 61.2 ± 13.2 years. The frequencies of the
rs3794087 genotypes and alleles of both the ET patients and
controls are shown in Table 1. The SLC1A2 rs3794087 A allele
showed a greater frequency in ET patients than in controls
(OR, 1.37; 95% CI, 1.02–1.86; p = 0.03). After stratifying the
results according to the presence of family history, we were
unable to find a stronger association in the familial ET group.
This may have been due to the small sample size.

Discussion

The first stage of the second GWAS revealed an association
between the rs3794087 SNP in intron 4 of the SLC1A2 gene
and ET in a German population, and the authors then collected
verification samples that included 3 populations (German,
Austrian, and Danish origin) in Europe for the second stage of
the study. The rs3794087 SNP yielded an OR of 1.43 with a
nominal p of 1.16 × 10-7 in the combined first- and second-

stage samples [17]. Later, Tan et al has reported that the
frequency of MAF was lower in ET compared with controls
(15% vs 19.5%, OR=0.75, 95% CI 0.60–0.94, p= 0.009) in
Singapore’s cohort [18], which was different from the GWAS
and our results. Our study found association with the same
allele as in the GWAS for ET. The minor allele displayed an OR
of 1.37 (p = 0.03; 95% CI, 1.02–1.86). Our results confirmed
the finding of GWAS that rs3794087 is a risk variant of ET.

The function of this noncoding SNP is still unknown. The
SLC1A2 gene encodes for the glutamate reuptake transporter.
Increased olivary glucose utilization and blood flow in the
cerebellum, red nucleus, and thalamus on both sides have
been found in positron emission tomography studies of patients
with ET [19]. The SLC1A2 gene is strongly expressed in the
inferior olive but not in other structures of the brainstem. In
addition, ethanol may increase SLC1A2 expression and
glutamate reuptake activity and significantly reduce tremor in
many ET patients [17,19,20].

This study focused on Taiwanese subjects, which definitely
have a more homogenous genetic background than
Caucasians from different origins. The sample size of our case-
control study was modest. There were some limitations of our
study. First, only one SNP was analyzed, and it did not exclude
an association between other regions within or around the
gene. Thus, further investigations, such as whole gene
sequencing, should be done to clarify the role of SLC1A2 in
ET. Second, the roles of other genes, gene-environmental
interactions, or epigenetic factors have not been evaluated,
and these could be confounding variables. Third, there is a
different result from another independent Asian cohorts [18],
the significance that we observed would likely be more reliable
if we were able to perform a meta-analysis across different
cohorts.

In conclusion, this is the first report to show association with
the same allele as in the GWAS for ET in a Chinese group. We
conclude that the SLC1A2 rs3794087 variant contributed to the
risk of ET in Taiwan. Further studies in other populations will be
useful to validate our finding.
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Table 1. Frequency of Genotype and Allele Polymorphisms
of SCL1A2 rs3794087 Among Essential Tremor (ET) and
Controls in Taiwan.

 ET (%) Controls (%) OR (95% CI) P-value
CC 155 (56.8) 179 (66.5) 1.00 -
CA 113 (41.4) 86 (32.0) 1.5 (1.07–2.16) 0.02
AA 5 (1.8) 4 (1.5) 1.44 (0.35–6.13) 0.6
Common (C) allele 423 (77.5) 444 (82.5) 1.00 -
Minor (A) allele 123 (22.5) 94 (17.5) 1.37 (1.02–1.86) 0.03

P-values and OR calculated in relation to CC genotype and a major allele C
All p-values were calculated by means of chi-squared test.
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