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Abstract

A functional variant in the Histamine N-Methyltransferase gene (HNMT — rs11558538) resulting in
a threonine to isoleucine substitution (Thr105lle), has been shown to impair histamine degradation.
Two recent studies reported that the threonine allele of this polymorphism might be a risk factor for
Parkinson disease (PD) and essential tremor (ET) development. Although PD and ET are considered
different entities, they share some clinical and pathological features, suggesting a possible joint
etiology. In this study we assess the role of the Thr105lle variant in PD and ET development,
genotyping the variant in a North American Caucasian PD and ET case-control series. Statistical
analysis did not identify any significant association between this variant and PD or ET; therefore,
our findings do not support the HNMT Thr105lle variant as a factor in disease development or a
genetic link between the disorders.
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Introduction

Parkinson disease (PD) is a progressive neurodegenerative condition caused by neuron
dysfunction and cell death resulting in dopamine depletion. This reduction in dopamine is
responsible for the hallmark PD motor symptoms: bradykinesia, resting tremor, postural
instability, and rigidity. PD affects >1% of the population by age 65 and increases to 4-5% by
age 85 [1]. Essential tremor (ET) is the most common tremor disorder, affecting 4% of the
population above age 40 [2] and characterized by a postural and kinetic tremor that worsens
with movement [3-5]. While the pathogenesis of ET remains widely disputed [4,5], there is a

© 2009 Elsevier Ltd. All rights reserved.
*Corresponding author: Carles Vilarifio-Guell PhD, Molecular Genetics Laboratory and Core, Morris K. Udall Parkinson’s Disease

Research Center of Excellence, Mayo Clinic, Department of Neuroscience, 4500 San Pablo Road, Jacksonville, FL 32224, Tel:
(904)-953-0963, Fax: (904)-953-7370, vilarinoguell.carles@mayo.edu

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Keeling et al.

Methods

Results

Page 2

compelling argument for a possible genetic link between ET and PD due to a 4 fold increased
incidence of PD among ET patients, increased frequency of ET among relatives of PD patients,
some overlapping pathological features, and presence of action tremor preceding the onset of
PD [6,7].

The threonine allele of histamine N-methyltransferase (HNMT - rs11558538) has been
nominated as a risk factor for both PD and ET development, particularly in late onset forms of
these conditions [8,9]. The threonine residue (polar) causes a more accessible conformation of
substrate binding residues than the isoleucine variant (non-polar), resulting in higher HNMT
enzymatic activity, the primary mechanism by which histamine is degraded in the central
nervous system [8-11]. Histamine is involved in a wide variety of functions including allergy
and anaphylaxis, digestive regulation, and neurotransmission [10]. Although the histaminergic
system has not been extensively studied with regard to diseases affecting dopaminergic neurons
such as PD, post-mortem analysis of PD patients has shown increased density of histaminergic
fibers and considerable interaction between histaminergic fibers and dopaminergic neurons in
the substantia nigra [12]. While the exact nature of the interaction between the histaminergic
and dopaminergic systems is unknown, it is generally accepted that increased histamine is
related to dopaminergic neuron loss in both animal models [13,14] and in humans [12]. Given
the findings of these studies and the complex relationship between PD and ET, we set out to
evaluate this single nucleotide polymorphism (SNP) in a case-control series of PD and ET
patients from North America.

In our study, we included 417 PD cases, 338 ET cases and 409 controls. Average age of PD
patients was 72.6 years (range 30-92) with mean age at onset of 62.1 + 12.0 years (range 16-85)
and a 1:1.2 female to male ratio. Average age of ET cases was 70.9 years (range 18-93) with
mean age at onset of 52.5 + 19.3 years (range 5-88) and a 1:0.8 female to male ratio. The control
subjects, collected at Mayo Clinic Florida outpatient clinic and consisting of spouses and
unrelated individuals identified as free of any evidence of PD or ET by a movement disorder
neurologist (Z.K.W., R.J.U.), had an average age of 72.2 years (range 33-92) and a 1:1.1 female
to male ratio. All patients were selected consecutively from examination and observed
longitudinally, with nine to twelve month follow-up, by a movement disorder neurologist
(Z2.K.W., RJ.U., or A.R.) and diagnosed according to standard criteria [15,16]. The ethical
review board of each institution approved the study and all participants provided informed
consent. Genotyping of HNMT rs11558538 was performed on a Sequenom MassArray iPLEX
platform (San Diego, CA); all primer sequences are available on request. Associations between
PD and ET with rs11558538 were measured by odds ratios (OR), corresponding 95%
confidence intervals (CI) and chi-square test. With a recessive model of inheritance and a
disease prevalence of 1%, our case-control populations have 96% (PD) and 94% (ET) power
to detect a positive association at a nominal significance level of 0.05, assuming an odds ratio
of 2.0 and the previously reported disease allele frequency (0.88) [8].

The genotype and allele frequencies and statistical analysis for rs11558538 in PD and ET are
given in Table 1. Cases and controls were in Hardy-Weinberg equilibrium and frequencies of
controls were similar to previous reports [8,9]. Statistical analysis did not identify a difference
between PD or ET cases and controls (p > 0.05). Stratified analysis of patients both above and
below the median age of onset revealed no difference in genotype or allele frequencies
compared to controls (Table 2). A previous study reported a significantly protective association
in female PD patients with the minor allele (lle) [8]; however, we found no difference between
female PD cases and controls (p = 0.62).
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Discussion

We assessed the role of a missense variant in HNMT (rs11558538) in a North American PD
and ET case-control series. The common allele of this variant (Thr) was found to be
overrepresented in cohorts of Spanish PD and ET patients, in particular among those with late
onset (PD, AAO > 68 years; ET, AAO > 54 years). This association led the authors to suggest
that the presence of the threonine allele possibly triggers a mechanism enhancing histamine
synthesis and density of histaminergic fibers contributing to PD development [8]. However, it
has not been determined whether the observed increase in histaminergic innervation in post-
mortem PD brains occurs before the degeneration of dopaminergic neurons contributing to PD,
or is a compensatory mechanism unrelated to disease development following neuronal death
[12].

In contrast to previous reports, statistical analysis revealed no difference between the case and
control frequencies for either disease (p > 0.05). Likewise, further analysis evaluating only
patients with late onset PD or ET (defined as patients with onset above the median age at onset)
failed to identify statistically significant differences. The discrepancy in our findings might be
attributed to different ethnic background between populations, and additional studies in
ethnically matched series may be warranted; however, since the genotype and allele frequencies
for our North American control subjects were similar to those reported in the Spanish
population, this seems unlikely [8,9]. In conclusion, while our study focused on the reported
functional SNP in HNMT and cannot rule out the possibility that other variants within the
HNMT locus affect risk of disease, our results suggest that the Thr105lle variant in HNMT
plays no role in PD or ET development in the North American population and is unlikely to
be a genetic link between these two conditions.
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