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Abstract

Background—The pathology of essential tremor is increasingly being studied; however, there
are limited studies of biochemical changes in this condition.

Methods—We studied several candidate biochemical/anatomical systems in the brainstem,
striatum and cerebellum of 23 essential tremor subjects who came to autopsy, comparing them to a
control population.

Results—Striatal tyrosine hydroxylase, a marker of dopaminergic neurons, was 91.7 +113.2 ng/
mg versus 96.4+102.7 ng/mg (not significant) in cases and controls. Locus ceruleus dopamine
beta-hydroxylase, a marker of noradrenergic neurons, was not significantly different between
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essential tremor and control groups. Parvalbumin, a marker of GABAergic neurons, was
199.3+42.0 versus 251.4+74.8 ng/mg (p=0.025) in the pons in the region of the locus ceruleus of
essential tremor versus controls, while there was no difference in cerebellar parvalbumin.

Conclusion—These results are supportive of a possible role for reduced GABAergic function
within the locus ceruleus in essential tremor. The hypothesis that essential tremor represents early
Parkinson’s disease was not supported as striatal dopaminergic markers were not reduced
compared to control subjects.
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Introduction

Methods

Essential tremor is increasingly being studied to determine the pathophysiological
underpinnings. Pathological studies have supported the role of cerebellar Purkinje cell
loss® 2, and cerebellar pathology in general®. However, a recent study has called into
question whether cerebellar cell loss is a primary finding in ET.# Further investigations into
alternate hypotheses are warranted.

One group has suggested that some cases of ET are due to Lewy Body pathology.?
However, we have found that the occurrence of Lewy bodies in ET cases is not any more
common than in similarly evaluated control subjects.? It is possible that ET-like tremor may
be a manifestation of the underlying biochemical changes of PD. The presence of Lewy
bodies without classic motor features of Parkinson’s disease or dementia is termed
incidental Lewy body disease (ILBD). We and others have reported ILBD is associated with
striatal dopaminergic deficiency, > 6 supporting ILBD being pre-motor PD, but similar
studies in ET are lacking. If some cases of ET are simply early PD then we would
hypothesize that ET cases would have a dopaminergic deficiency much like is found in
ILBD.

One study of three subjects with ET found higher levels of noradrenaline in the locus
ceruleus (LC), dentate and cerebellar cortex.” It is well known that beta-blockade is an
effective treatment for ET8, perhaps acting through this cerebellar noradrenergic pathway. A
second recent post-mortem study found an increase in cerebellar GABA, receptor protein
ol in small group of ET subjects compared with controls.®

In this study, we have tested the hypothesis that ET is a pre-Parkinson’s state by quantifying
striatal tyrosine hydroxlase (TH) concentration. By analogy with our previous work on
ILBD, if ET is an early stage of PD, then it might be expected that subjects with ET have
lower striatal TH concentrations than age-similar normal control subjects. We also tested the
hypothesis that ET is associated with noradrenergic neuron upregulation in the LC, assessing
LC concentrations of dopamine beta hydroxylase (DBH). Additionally, we examined
parvalbumin, a marker of GABAergic interneurons, in both LC region and cerebellar cortex.

Subjects in the Banner Sun Health Brain and Body Donation Program (BBDP)3 were
assessed annually with a general neurological examination, a movement disorder evaluation
and neuropsychological testing. IRB approval was obtained and written consent provided by
the subjects. The movement disorder evaluation consisted of the Unified Parkinson’s
Disease Rating Scale (UPDRS), tremor rating scale,'0 and assessment of other involuntary
movements (dystonia, myoclonus). Subjects were diagnosed with ET if they had the
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presence of a grade 2 postural and/or kinetic tremor of the hands or forearms without
identifiable secondary cause or other exclusion criteria (e.g. prominent unilateral tremor,
rigidity or bradykinesia). 11 12 Subjects with a tremor score between 0.5 and 2 were also
considered ET if the research evaluations found the tremor was present for at least 3 years
with similar exclusion criteria or medical records supported longstanding ET. Subjects with
Parkinson’s disease or other movement disorders were excluded, as were those with
dementia. Subjects meeting Petersen’s criteria for mild cognitive impairment (MCI) on
neuropsychological testing were included in the study.13 Controls had the same inclusion
and exclusion criteria except for absence of tremor. Alzheimer’s (plaque density and Braak
tangle stage) and Lewy Body pathology was specifically examined in both groups, as per
our previously published pathology report, with no baseline differences in this expanded
cohort.

Brain pathology was evaluated according to standard protocols with descriptive assessment
of cortex, basal ganglia, brainstem and cerebellum as described in our previous papers.3 14
Measurements of TH levels were carried out using an ELISA procedure as previously
described.1®> The concentration of TH in each sample was calculated from a standard curves
constructed using known amounts of recombinant TH (kindly provided by Dr. Paul
Fitzpatrick, Texas A & M University, TX).

Due to low concentrations of protein, DBH levels in cerebellar and LC brain extracts were
measured using a western blot method. In brief, samples of total brain extract (20 pg/lane)
were separated through 4-12 % Bis-Tris NOVEX gradient gels and transferred to
nitrocellulose membranes. DBH immunoreactive bands were detected using two sheep
polyclonal antibodies (R&D Systems) to N and C terminal peptide sequences of human
DBH protein. Detection and quantification of bands were carried out as previously
described.16

ELISA for measuring concentrations of parvalbumin in brain extracts were developed in our
laboratory. The design of the ELISA follows the same principals as for the TH assay, with
capture antibody being sheep anti human parvalbumin,(R&D Systems), and both detection
antibody rabbit anti human parvalbumin and purified recombinant parvalbumin protein from
ABCAM, Cambridge MA. Due to small size of the LC, anatomical localization of
parvalbumin was performed using immunohistochemistry. Paraffin embedded tissue
sections (5 um) of midbrain (containing pons and LC) were used to identified parvalbumin
immunoreactive structures in the LC. Sections were deparaffinized according to standard
procedures. Antigen retrieval was carried out by heating sections in 50 mM citric acid
solution (pH 8.0) at 95°C for 30 minutes. For detection of parvalbumin, sections were
incubated in a rabbit anti parvalbumin (1:1000 dilution, AbCAM, Cambridge, MA) antibody
for 18 hours, followed by reaction with biotinylated anti rabbit immunoglobulin (Vector
Labs, 1:1000 dilution for 2 hours) and then in Avidin-Biotin-Peroxidase complex (Vector
Labs, 1:1000 dilution for 1 hour). Sections were developed in nickel enhanced
diaminobenzidine solution.1® Stained sections were counterstained with neutral red and
coverslipped for microscopy.

Adequate frozen tissue for biochemical assessment varied depending on the region studied.

Dissection of the striatum has been previously published. The LC dissection was performed
to include only the very small region defined by black pigment, about 0.3 cc. The cerebellar
tissue was removed by taking a block from the far lateral aspect of the hemisphere. Median/
mean post mortem interval was 2.5/3.0 (SD 3.1) hours. For clarity, the demographics of the
ET population are reported for the TH sample, given that it was the largest.
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All results were compared between groups using t-test unless otherwise indicated. Summary
results are expressed as meant SD Correlation analysis was done using Pearson’s
correlation coefficient. Significance was set at p<0.05.

There were 23 ET and 37 control subjects that met study criteria. Sixteen of the 23 subjects
were previously reported in our pathology study3, while the remaining subjects were
prospectively added since that report. Mean age was 86.2 yrs for the ET group and 83.8 yrs
for controls. Mild cognitive impairment was seen in 3/23 ET subjects and 11/37 controls. ET
was previously diagnosed by the subjects’ private physicians in 9/23 (39%) subjects, while
14/23 (61%) were diagnosed through their research evaluations. Sixty-five percent noted
that they were bothered by tremor (UPDRS part Il tremor score > 1). The mean duration of
tremor was 14.7 years. There were 3 ILBD cases in each group (NS by chi square analysis).

For striatal TH analysis the mean £ SD TH value was 91.7 + 113.2 (ET) versus 96.4+ 102.7
(controls) ng/mg (Table 1). Removing the 3 cases of ILBD from each group resulted in TH
values of 99.4+119.3ng/mg (ET) and 104.4+103.7 ng/mg (controls). All differences between
groups were not significant by t-test. Figure 1 depicts the range of values for TH, including
ILBD.

For the LC analyses there were 15 ET cases and 16 controls with adequate locus ceruleus
tissue to analyze. Mean age at death was 86.7 and 85.9 respectively. Parvalbumin levels (see
Figure 2) were significantly lower in ET, (199.3+42.0 ng/mg) versus controls (251.4+74.8
ng/mg) (p=0.025). Although not significant, there was modest correlation of LC-PVB with
tremor duration with longer duration tremor having higher levels (R=0.46, p=0.09). For
immunohistochemistry, we examined 3 control cases with the highest ELISA values of
parvalbumin and compared them to 3 essential tremor cases with lowest ELISA values.
Figure 3(A) shows that in a representative control case, in the LC, punctuate staining in
bundles was observed running through the LC. These are presumptive neuronal fibers.
These were adjacent to the large neuromelanin neurons (noradrenergic) found in the LC.
Figure 3(B) show that in a representative ET case, a similar pattern was observed but the
amount of punctuate staining was noticeable less. Figure 3(C) shows that staining with this
antibody was selective; this panel shows distinct immunoreactive cells in the pons with
strong parvalbumin staining compared to other cells with no staining. Similarly,
immunoreactive fibers can also be seen in this region.

Western blot analysis for DBH in LC was 0.69+0.31 (relative units) in ET versus 0.62+0.21
(relative units) in controls (p=0.44). Due to the absence of standard protein, results are
expressed as relative intensities of western blot bands (75 kD) protein normalized for
intensities of B actin bands.

For cerebellar tissue analyses there were 20 ET cases and 20 controls. Parvalbumin was
1152.6+240.6 ng/mg versus 1182.52+241.2 ng/mg, also not significant (p=0.70). DBH was
not reliably measured in the cerebellum despite multiple attempts; these results are not
presented.

Discussion

The main findings of this study were the significantly reduced levels of parvalbumin in the
region of the LC in ET versus controls and the lack of any difference in striatal TH in ET
compared to controls. The parvalbumin changes were only found in the pons and locus
ceruleus with no difference in the cerebellum suggesting a more focal abnormality in this
particular brain region.
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Parvalbumin is a marker for GABAergic interneurons within the central nervous system. It
is mostly studied in cortical structures, particularly with respect to epilepsy. Previous study
of GABA in ET demonstrated reduced GABA levels in the CSF of ETL patients and
increased GABA-A receptor in the cerebellar cortex.? Medications that enhance GABAergic
tone, such as primidone, gabapentin and benzodiazepines, are effective in treating ET.8
Taken together with our previous pathology studies showing more generalized pathology in
the LC, these data support GABA neuronal loss and/or dysfunction in the brainstem in ET.
We did not find changes in parvalbumin levels within the cerebellum, however, suggesting
that this might be a more focal and specific finding. A recent study using flumazenil
Positron Emission Tomography (PET) in ET suggested that the GABAergic findings are
more diffuse, including the cerebello-thalamocortical loop.18 Confirmation of this would
require a more detailed assessment of parvalbumin at varying levels of the neuroaxis in ET
and controls. There was a trend toward higher parvalbumin levels correlating with longer
tremor duration. This is somewhat unexpected but would support that there may be other
factors involved in tremor expression besides simply an alteration in GABA. Alternately, it
might suggest that shorter duration, elderly onset tremor may not be the same as classical
familial ET with onset prior to age 65. How a modification of GABAergic tone in the LC
might contribute to tremor is not fully clear. However, if may be that reduced inhibition to
the adrenergic LC neurons results in a generalized increase in adrenergic tone in ET. This is
supported by previous work showing an increase in norepinephrine in the LC, cerebellum
and dentate in 3 ET patients compared with controls.”

DBH is responsible for the conversion of dopamine to norepinephrine and was not
significantly changed in the locus ceruleus in ET compared with controls. This finding
seems in contrast to the study that found elevated norepinephrine in ET.” However, it may
be that our subjects likely had more mild ET (since many were not bothered by tremor or
formally diagnosed) and given that there is significant loss of LC neurons with normal
aging, differences in enzyme levels might be difficult to see in a small study. The study
population in our brain and body donation does have mild, elderly cases and this is a
limitation. However, it seems likely that if norepinephine changes were a primary
pathological finding in ET, it should be reflected in changes in DBH even in this small
number of patients and therefore, the adrenergic changes may be secondary, perhaps related
to changes in GABAergic function as discussed.

Regarding the relationship between ET and PD, we found no evidence that ET may be the
first neurological sign of this neurodegenerative condition. Previous pathological studies
have suggested that ET patients may harbor Lewy bodies in greater frequency than
controls.? Clinical studies suggest that the prevalence of PD in the ET population is 24 times
greater than expected.1® Given that age is the most prominent risk factor for PD, studying
the ET/PD interaction in a longitudinal, prospectively examined elderly cohort, such our
BBDP, is helpful. We have previously shown no increase in the prevalence of Lewy bodies
in ET compared with controls.2 Conversely, our subjects with ILBD were no more likely to
exhibit tremor than those without 1LBD.20 Now, with this study, we demonstrate that the
striatal biochemical levels of a dopaminergic marker, TH, are similar between patients and
controls. Whether there may be a subset of ET cases that may be genetically predisposed to
both disorders or that a small portion of ET with onset of tremor before age 65 may be
predestined to develop PD in later life cannot be excluded.?

Future studies should continue to search for the anatomical locus of ET. The present work
and studies to date indicate the need for further exploration of the status of the GABAergic
neuronal systems and locus ceruleus function. Further investigation of tremor dominant PD
where there is often a clinical overlap between ET and parkinsonism may help clarify action
tremor as it related to PD.
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Figure 1.

TH in ET vs. Controls, minus ILBD, results expressed in ng/mg
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Figure 2.

Parvalbumin-LC ET versus controls expressed as ng/mg
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Figure 3.

Parvalbumin immunoreactivity in locus coeruleus of control case. Arrow indicates regions
with punctuate parvalbumin immunoreactivity.

B) Parvalbumin immunoreactivity in locus coeruleus of an essential tremor case. Arrow
indicates region with punctuate parvalbumin immunoreactivity. It is noticeable that this was
more restricted compared with panel A.

C) Parvalbumin immunoreactivity in pons of control case. This panel demonstrates the
specificity of staining by the selective immunoreactivity of individual neurons (Arrow) and
fibers (Arrow).
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Location N (ET/Control) Marker ET Controls
Striatum 23/37 TH 91.7+113.2 ng/mg 96.4+102.7 ng/mg
LC 15/16 PVB 199.3+42.0 ng/mg 251.4+74.8 ng/mg*
DBH 0.69+0.31 RU 0.62+0.21 RU
CBM 20/20 PVB 1152.6+240.6 ng/mg  1182+241.2 ng/mg

Legend: TH=tyrosine hydroxylase; LC=locus ceruleus; PVVB=parvalbumin; DBH=dopamine beta hydroxylase; CBM= cerebellum;

*
p < 0.05 between ET and controls
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