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Case Report

Brainstem Pathology in Spasmodic

Dysphonia

Kristina Simonyan, MD, PhD; Christy L. Ludlow, PhD; Alexander O. Vortmeyer, MD

Spasmodic dysphonia (SD) is a primary focal
dystonia of unknown pathophysiology, characterized
by involuntary spasms in the laryngeal muscles dur-
ing speech production. We examined two rare cases of
postmortem brainstem tissue from SD patients com-
pared to four controls. In the SD patients, small clus-
ters of inflammation were found in the reticular for-
mation surrounding solitary tract, spinal trigeminal,
and ambigual nuclei, inferior olive, and pyramids.
Mild neuronal degeneration and depigmentation were
observed in the substantia nigra and locus coeruleus.
No abnormal protein accumulations and no demyelin-
ation or axonal degeneration were found. These neu-
ropathological findings may provide insights into the
pathophysiology of SD.
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INTRODUCTION

Spasmodic dysphonia (SD) is a primary focal dysto-
nia, most frequently characterized by involuntary
spasms in the closing muscles of the vocal folds during
speech production. SD symptoms usually appear in mid-
life, progress gradually, and remain chronic for life. The
neuropathological bases of SD and other forms of pri-
mary focal dystonia are poorly understood, partly due to
the rare availability of the postmortem tissue from these
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patients. To date, only a few studies have been con-
ducted to examine the neuropathological abnormalities
in a limited number of dystonic patients. Neuropatholog-
ical case reports in patients with Meige’s syndrome,’™
and cranial and cervical dystonia,* have found a mild
neuronal loss in the substantia nigra, locus coeruleus,
dorsal raphe nucleus, tectum, and dentate nucleus,®?
and infrequent Lewy bodies in the substantia nigra,* nu-
cleus basalis of Meynert, and nucleus ambiguous.'? We
recently found focal axonal degeneration and demyelin-
ation in the genu of the internal capsule, and clusters of
mineral accumulations containing calcium, phosphorus,
and iron, in the internal capsule, lentiform nucleus, and
cerebellum in one SD patient.® However, it remains
unknown whether neuropathological changes are also
present in the brainstem of SD patients, although sev-
eral neurophysiological studies have pointed to
brainstem abnormalities in these patients.®”

As a continuation of our previous study,” in this case
report we examined rarely available postmortem brain-
stem tissue from two SD patients compared to four controls
to identify brainstem changes in SD patients, which may
contribute to the pathophysiology of this disorder.

MATERIALS AND METHODS

Postmortem tissue of the brainstem was obtained from
two SD patients (case 1: female, 85 years old; case 2: male, 65
years old; mean age, 70.5 years), and four controls (mean age,
68.5 years, age range 50-85 years, 3 females/1 male). Antemor-
tem, both patients were diagnosed with adductor type of SD
presented with moderate to severe voice breaks due to spasms
in the closing muscles of the vocal folds during vowel produc-
tion. Case 1 also had adductor vocal tremor during speech
production. The onset of the disorder was at age of 56 and 36
years, respectively. Both patients were diagnosed and treated at
the National Institute of Neurological Disorders and Stroke
with botulinum toxin injections into their laryngeal muscles at
regular intervals for several years. Clinical characteristics of
patients and controls are summarized in Table I. The male
patient’s (case 2) neuropathological findings in the supramedul-
lar brain regions were reported in a previous study.® We did not
have access to the supramedullar brain tissue from the female
patient (case 1); only brainstem tissue of case 1 was available to
us for neuropathological examination. The study was approved
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TABLE I.
Clinical Characteristics.

Case Gender Diagnosis Age at Onset (yr) Age at Death (yr) Cause of Death

1 F ADSD, vocal tremor 56 85 Left temporal lobe infarct*

2 M ADSD 36 65 Complications during cardiac bypass surgery

3 M Control N/A 50 Diffuse pulmonary hemorrhage

4 F Control N/A 58 Disseminated intravascular coagulation

5 F Control N/A 81 Respiratory failure due to small-cell lung cancer
6 F Control N/A 85 Dehydration with hypernatremia

*The left temporal lobe infarct had the most remote rostral location and, therefore, did not involve brain regions known to control voice and speech pro-
duction. Hence, the cause of death in this patient should not have affected the findings of neuropathological changes in the brainstem.

ADSD = adductor spasmodic dysphonia; N/A = not available.

by the Institutional Review Board of the National Institute of
Neurological Disorders and Stroke, National Institutes of
Health.

Postmortem brainstem tissue from all subjects was fixed
in 10% formalin solution, sectioned transversely into 6 blocks
(1-cm thick) for gross examination and then embedded in paraf-
fin. For histopathological examination, each block was sectioned
into consequent 10 paraffin sections at 5 ym and stained with
hematoxylin and eosin, luxol fast blue/periodic acid Schiff, and
Bielschowski silver stains to assess changes in cell morphology,
myelin, and axonal course, respectively. Additionally, subse-
quent sections were stained with mouse monoclonal antibodies
to human microglia/macrophage lineage (1:100, CD68, Clone
KP1; Dako, Carpinteria, CA), human leukocyte/lymphocyte line-
age (1:400, CD45, Leucocyte Common Antigen, Clone
2B11+PD7/26; Dako), alpha-synuclein (1:100; Oncogene
Research Products, San Diego, CA), tau (1:1500, Clone Tau-2;
Chemicon International Inc., Temecula, CA), and ubiquitin
(1:100; Novocastra, Newcastle upon Tyne, UK). Primary anti-
bodies were omitted for negative controls. For reaction product
visualization, sections were incubated with a refined avidin-bio-
tin kit (LSAB+ System-HRP; Dako). Stained sections were
evaluated without prior knowledge of the subjects’ identity
(blinded) using light microscopy (Olympus BX51; Olympus Inc.,
Tokyo, Japan). Abnormalities were defined as mild, moderate,
severe, or none. Mild abnormalities were defined as occasional
yet definitive pathological changes, i.e., degeneration of single
cells in the well-preserved neuroanatomical region. Moderate
abnormalities were defined as significant alterations, encom-
passing 10% to 50% of the affected brain region. Severe
abnormalities were defined as total or subtotal destruction of a
specific neuroanatomical region of interest.

RESULTS

Gross neuropathological examination of the brain-
stem revealed no abnormalities in either patients or
controls. Detailed microscopic examination was per-
formed to investigate the multiple levels of the
brainstem nuclei involved in the sensorimotor control of
voice production. Normal morphology of the lower brain-
stem nuclei was identified in both patients and controls
(Fig. 1A-I and 1B-I). No accumulations of abnormal pro-
teins, such as tau, ubiquitin, or alpha-synuclein, and no
signs of demyelination or axonal degeneration were
found in either SD patients or controls. However, in both
SD cases, small clusters of microglia/macrophages acti-
vation were found in the reticular formation
surrounding the solitary tract and spinal trigeminal
nuclei and in the pyramids (Fig. 1A-II and 1B-II). In SD
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case 1, these clusters were also observed in the reticular
formation around the nucleus ambiguus and in the infe-
rior olive. Mild neuronal degeneration and
depigmentation were observed in the pars compact of
the substantia nigra and the locus coeruleus in both SD
cases (Fig. 1C and 1D). These brainstem changes were
predominant in SD case 1, present in SD case 2, and not
found in any of the controls (Table II).

DISCUSSION

The major findings of the present case study are: 1)
the absence of significant cellular morphology changes
in the brainstem neuronal populations, 2) the presence
of small clusters of microglia/macrophages activation in
the reticular formation surrounding the lower brainstem
nuclei involved in the control of laryngeal functions, and
3) mild neuronal degeneration and depigmentation in
the substantia nigra and the locus coeruleus in SD
patients compared to controls.

The findings of normal cell morphology and the ab-
sence of abnormal protein accumulations, such as tau,
ubiquitin, and alpha-synuclein, in the brainstem nuclei
of SD patients are in line with neuropathological reports
in some other forms of primary focal dystonia.'™ In con-
trast, ubiquitin-positive perinuclear inclusion bodies
were found in the midbrain reticular formation, peria-
queductal gray, pedunculopontine, and cuneiform nuclei
of patients with DYT1 dystonia,® suggesting the possibil-
ity of different neuropathological processes underlying
the pathophysiology of focal and generalized primary
dystonias.

The presence of small clusters of microglia/macro-
phages activation in the brainstem reticular formation of
SD patients may represent a disorder-specific neuro-
pathological process, because of their location in the
vicinity of the nuclei responsible for sensory (solitary
tract and spinal trigeminal nuclei) and motor (nucleus
ambiguus) control of voice production. Upregulation of
microglia/macrophages in the brain tissue is known to
be associated with a large range of neurological patholo-
gies, from trauma to autoimmune conditions. The
presence of activated microglia as clusters of focal
inflammation is usually a common finding in neurodege-
nerative disorders, such as Parkinson’s and Alzheimer’s
diseases.” However, to date, little knowledge is available
about the molecular processes underlying microglial
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Fig. 1. Microphotographs of the brainstem regions in the controls
and both spasmodic dysphonia cases show normal cell morphol-
ogy in the interstitial part of the solitary tract nucleus (Soll) (A-l),
and the spinal trigeminal nucleus (Sp5) (B-l) (hematoxylin and eo-
sin [H&E] stain); clusters of microglial/macrophage activation
(arrows) in the reticular formation surrounding the Soll (A-1l) and
Sp5 (B-ll) (CD68/KP1 immunostain); and mild neuronal degenera-
tion and depigmentation in the substantial nigra, pars compacta
(C), and the locus coeruleus (D) (H&E stain), respectively.

activation and the exact biological consequences that
may result from their upregulation within central nerv-
ous system tissue.'® In the present case, we suggest two
possibilities for the presence of focal microglia/macro-
phages activation in the brainstem of SD patients.
Based on the previous findings of neurophysiological
brainstem abnormalities in SD,%” clusters of microglia/
macrophages activation may represent loci of focal brain-
stem inflammation that alter sensorimotor processing at
the level of the brainstem and modulate the ascending
inputs to the supramedullar regions controlling voice
and speech production in the SD patients. When com-
pared to our previous findings of demyelination and
axonal degeneration in the right genu of the internal
capsule,” the brainstem clusters of focal inflammation
may represent an independent finding, both of which, in
turn, may collectively contribute to the pathophysiology
of SD.
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Alternatively, based on the location of microglia/
macrophage clusters around the brainstem nuclei
involved in the laryngeal control and the pyramids, their
focal activation may reflect reactive changes surround-
ing the terminals of degenerative nerve fibers
descending within the corticobulbar tract from the laryn-
geal motor cortex through the genu of the internal
capsule to the brainstem nuclei'’ in these patients. The
fact that we did not find axonal degeneration and demy-
elination in the brainstem of SD patients in the present
study may be explained by very sparse distribution of
these descending fibers in the brainstem, and by relative
inferiority of conventional histological methods to stains
for myelin and axonal course compared to more
advanced immunohistochemical methods, such as using
KP1 (CD68) marker. However, our finding of clusters of
microglia/macrophage activation in the pyramids in both
SD patients substantiates the recent observation of focal
axonal degeneration and demyelination within the corti-
cobulbar tract at the level of the genu of the internal
capsule® in the same male patient reported here, and
suggests that reactive changes in the brainstem nuclei
in SD patients may reflect the neuropathological abnor-
malities descending from the higher brain structures.

Other neuropathological findings in the brainstem
of both SD patients included mild neuronal degeneration
and depigmentation of the pars compact of the substan-
tia nigra and the locus coeruleus. Although these
changes may be due to a normal aging process, they are
also similar to those reported in patients with idiopathic
cervical dystonia,® Meige’s syndrome,! and torsion dysto-
nia.'? Hence, the involvement of the substantia nigra
and the locus coeruleus may represent a common neuro-
pathogenic process in both early- and late-onset primary
dystonias.

CONCLUSION

Subtle abnormalities in the brainstem of SD
patients, such as clusters of microglia/macrophage acti-
vation in the reticular formation surrounding the lower
brainstem nuclei and mild degeneration and depigmen-
tation in the substantia nigra and the locus coeruleus,
most likely represent disorder-specific abnormalities sec-
ondary to the changes in the supramedullar regions in
this disorder. Future studies will require access to a
larger number of postmortem brain specimens from SD
patients for statistical analysis between patients and
controls to elucidate the significance of subtle abnormal-
ities between the groups and to identify the direct
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relationships between the brainstem and supramedullar
abnormalities in this disorder.
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