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ABSTRACT: Background: Fragile X-associated tremor/ataxia syndrome (FXTAS) is a late-onset
neurodegenerative disorder associated with premutation alleles (55-200 CGG repeats) of the fragile X mental
retardation 1 (FMRI1) gene. FXTAS is characterized by the presence of ubiquitin-positive inclusions in neurons
and astrocytes and by cerebellar tremor and ataxia. Parkinsonism has been reported in FXTAS, but most
patients lack the characteristic rest tremor and severe rigidity seen in idiopathic Parkinson’s disease (PD).
Objective: To describe the frequency of concomitant PD in FXTAS.

Methods: We reviewed the medical record of 40 deceased patients diagnosed with FXTAS and performed a
pathology analysis to confirm both FXTAS and PD.

Results: Clinical histories indicated that 5 FXTAS patients were diagnosed with idiopathic PD and 2 with atypical
parkinsonian syndrome. After pathological examination, we found that 7 patients in the PD clinical diagnosis
group had dopaminergic neuronal loss; however, only 2 of 7 presented Lewy bodies (LBs) in the substantia
nigra. Therefore, a total of 5% of the 40 cohort patients met the pathologic criteria for the concomitant
diagnosis of FXTAS and PD. In addition, 2 patients not clinically diagnosed with PD also had nigral neuronal loss
with LBs in substantia nigra. In total 10% of these 40 patients had LBs.

Conclusion: This report expands our understanding of clinical symptoms and unusual presentations in patients
with FXTAS and the concept that the parkinsonism found in FXTAS is sometimes indistinguishable from PD. We
propose that FMR1 should be recognized as one of the exceptional genetic causes of parkinsonism with
presynaptic dopaminergic loss and LBs.

Fragile X—associated tremor/ataxia syndrome (FXTAS) is a late-onset
neurodegenerative disorder associated with premutation alleles
(55200 CGG repeats) of the fragile X mental retardation 1 (FMR1)
gene. Expansions of more than 200 CGG repeats give rise to fragile
X syndrome, the most common inherited form of cognitive impair-
ment."? FXTAS is characterized by the presence of ubiquitin-
positive inclusions in neurons, astrocytes, and Purkinje cells. FXTAS
symptoms include cerebellar ataxia, postural/intention tremor,
cognitive deficits, peripheral neuropathy, autonomic dysfunction,

and psychiatric involvement.® Parkinsonism has also been reported in

FXTAS in approximately 29% to 60% of patients*; the presentation
is heterogeneous, and more than 50% show bradykinesia, approxi-
mately 70% present with mild rigidity in the upper limbs, and 25%
to 40% of the patients with FXTAS may develop a mild rest tremor
at the later stages of the disease. However, although the premutation
is not typically associated with a pure Parkinson’s disease
(PD) phenotype, some carriers do have many classic features of
idiopathic PD.>”

Parkinsonism is the clinical term for disorders with prominent

bradykinesia and variable associated symptoms that are accompanied
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by the degeneration of the nigrostriatal dopaminergic system.®
Parkinsonism diseases include but are not limited to PD, diffuse
Lewy body (LB) disease, progressive supranuclear palsy, multiple sys-
tem atrophy, corticobasal degeneration, vascular parkinsonism, and
drug-induced parkinsonism.® PD is a heterogenous entity in which
the major symptom is parkinsonism that is usually idiopathic or
attributed to familial mutations and that fulfills specific clinical and
pathological diagnostic criteria. The Movement Disorder Society
clinical diagnostic criteria for PD includes bradykinesia in combina-
tion with either rest tremor, rgidity, or both.* The pathological
criterion for PD is the combination of neuronal loss and the presence
of LBs and/or Lewy neurites, which are the product of the patholog-
ical aggregation of a-synuclein in neuronal cells and their processes,
respectively, in surviving dopaminergic neurons in the substantia
nigra (SN). The finding of dopaminergic cell loss in the SN alone is
not sufficient to diagnose definite PD.

Methods
Sample Collection

Samples from 40 FXTAS postmortem human subjects, 28 males
and 12 females, were obtained from the FXTAS/FXS brain
repository at the University of California, Davis, School of Medi-
cine. All donors had given written informed consent for a brain
autopsy and the use of the material and clinical information for
research purposes. The bank currently holds 70 brains from pre-
mutation carriers. Patients with FXTAS had symptoms for many
years before death and were clinically diagnosed based on the
presence of intention tremor, cerebellar gait ataxia, parkinsonism,
memory, and executive function deficits and the presence of the
FMR1 premutation.” The diagnosis was confirmed with the
postmortem presence of intranuclear ubiquitin positive inclusions
in neurons and astrocytes. Brains from donors with a gray zone
expansion (44-54 CGG repeats) and those lacking complete
medical histories or missing neuropathological reports were

excluded from our analysis.

Macroscopic Analysis

Every brain was cut in 1 cm coronal slices. Weight of the fresh
and fixed brain was recorded with attached and detached poste-
rior fossa content. High-quality photographs were taken for
further comparison with radiological findings. We evaluated
cortical ribbon thickness, architectural abnormalities such as
abnormal gyration, corpus callosum thickness, size of the ventri-
cles, gray—white matter junction, and firmness in the cortical
vascular watershed regions. The hippocampus was examined for
possible malrotation. The size and shape of the caudate, puta-
men, globus pallidus, mammillary bodies, and thalamus were
inspected as well. Both the brainstem and the cerebellum were
cut perpendicular to the long axis of the brainstem for the
evaluation of the cerebellar cortical thickness, the size and shape
of white matter and deep nuclei, and pigmentation of SN and

locus coeruleus.
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Microscopic Analysis

Blocks from donor brains were fixed by immersion in formalin,
embedded in paraffin wax, and cut at a section thickness of
5 pm. Sections of the mid-SN were examined under light
microscopy to estimate neural loss. The main histological stain
for all cases was hematoxylin and eosin; the samples were also
stained with a-synuclein to evaluate positive intraneural inclu-
sions and neurites. The definitive neuropathological diagnosis of
PD was given to cases presenting with at least 1 LB in the SN in
addition to significant neuronal cell loss in the SN.

CGG Repeat Sizing

All cases had known premutation status prior to their death.
Genomic DNA was isolated from brain tissue (100 mg) using
standard procedures (Trizol; Invitrogen, Carlsbad, CA). CGG
repeat allele size was determined using both polymerase chain
reaction and Southern blot analysis as previously described.'*"!

Immunostaining

A block of tissue (2 X 2 X 0.25 pm?) containing the SN for each
case was immersed in 30% sucrose (Fisher, Hampton, NH) and
embedded in optimal cutting temperature compound (Fisher).
Blocks were cut into 5 pm sections using a cryostat. We used the
primary monoclonal antibody against a-synuclein stain, secondary
antibody donkey antirabbit conjugated with biotin (1:150; Jackson
Laboratory, Bar Harbor, ME), amplified with avidin-biotin complex
(ABC; Vector Laboratories, Burlingame, CA), and developed with
3,3'-diaminobenzidine (DAB) (Vector). Tissue was dehydrated and
defatted, mounted on glass slides, and coverlipped with dibu-
tylphthalate polystyrene xylene.

Definition of Parkinsonism

A systematic review of the entire available medical history of the
40 premutation carriers with confirmed diagnoses of FXTAS was
performed. The authors looked for the medical report of core
parkinsonian features: masked facies, bradykinesia, rest tremor,
limb rigidity, shuffling gait, and low voice tone. The 7 cases with
a diagnosis of idiopathic PD or atypical parkinsonian syndrome
were diagnosed and followed by neurologists for many years
prior to their death. The authors are unaware of the diagnostic
criteria used at the time the clinical diagnosis was made.

Results

We reviewed the clinical history of 40 deceased patients previously
diagnosed with FXTAS. We performed gross and histopathologi-
cal analysis in all patients. Of the 40 patients, 18 (45%) were
reported by their physician to have parkinsonian features, 11 of
28 males (39%) and 7 of 12 females (58%); 7 (17.5%) of them,
4 males and 3 females, were clinically diagnosed with either idio-
pathic PD or atypical parkinsonian syndrome. All 7 presented with
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bradykinesia and muscle rigidity and 4 also presented with mild
tremor at rest always accompanied by intention tremor. Pathologi-
cal analysis reported nigral neuronal loss in all patients, ranging
from mild to moderate, but only 2 had concomitant LBs in the
SN. In addition, 2 patients were never diagnosed with PD based
on their clinical presentation, but the postmortem pathology
reported both reduced pigmentation of SN as well as the presence
of LBs in the cytoplasm that were synuclein positive. In both cases
the finding of LBs is considered incidental'%; however, it may rep-
resent presymptomatic PD in the very beginning stages of the dis-
ease’” or mild symptomatology was masked by other neurological
findings resulting from a different concomitant pathology specifi-
cally FXTAS. After performing gross and microscopic analysis, we
found that only 5% of the patients met the definite criteria of con-
comitant PD with FXTAS (Fig. 1); however, a total of 10% of
the 40 FXTAS brains had LBs. Clinical and pathological features
for the evaluated patients are summarized in Table 1. We herein
included a short clinical synopsis for those cases found with LB
pathology.

Case 1
Case 1 is an 81-year-old male with 75 CGG repeats with a diag-

nosis of FXTAS because of an intention tremor and ataxia that
was also diagnosed with PD 5 years before death. He also experi-
enced rest tremor, rigidity, hallucinations, paranoia, delusions,
anxiety, depression, sleep difficulties, and problems swallowing.
In addition, medical history included antral ulcer, carotid vascular
disease, gout, hypercholesterolemia, hyperlipidemia, bladder car-
cinoma, and benign prostate hyperplasia. Neurological exam rev-
ealed rest and intention tremor, ataxia, dementia, and
cogwheeling rigidity. He received donepezil to treat his demen-
tia during his last year of life and carbidopa levodopa for PD. His
last admission to the hospital was attributed to delirium second-
ary to sepsis from a urinary tract infection and pneumonia. He
died less than a month later. Pathology revealed slight

generalized atrophy on the right cerebellar and cerebral hemi-
spheres, mildly atrophied hippocampus, and mild pigment loss in
the SN and locus coeruleus with Lewy body disease in the SN,
locus coeruleus, and deep layers of para-hippocampal cortex, but
no neocortical LBs. He met the criteria for definite PD by his
pathology showing Braak 4 (see Table 1).

Case 7

This is a case of an 84-year-old male with 71 CGG repeats. He
developed intention tremor and parkinsonian symptoms during his
70s. He received a PD diagnosis by the age of 80. He was unable
to walk without a cane by 82 with a rapid deterioration leading to
his death 2 years later. Pathology evaluation demonstrated FXTAS
intranuclear inclusions in neurons of the hippocampus and SN as
well as marked loss of Purkinje cells. He also had moderate loss of
dopaminergic cells and the presence of LBs in the SN.

Case 8

This is a case of a 67-year-old male with 112 CGG repeats. His
balance problems started in his early 60s; however, intention
tremor and parkinsonism were not evident until the age of
66 and are reported as mild in the clinical history. He also had
history of a mild right-sided stroke 5 years before death. He was
never diagnosed with PD or related diseases. His medical record
reported resistant hypertension requiring treatment with multiple
antihypertensive medications as well as social anxiety, sleep
apnea, and prostate cancer. Pathology evaluation showed
FXTAS inclusions as well as loss of pigmentation of the SN and
the presence of LBs.

Case 9

Case 9 is an 81-year-old male with 67 CGG repeats. He devel-
oped balance problems starting in his mid-70s leading to frequent

FIG. 1. Pathology of concomitant fragile X-associated tremor/ataxia syndrome and Parkinson’s disease. (A) Ubiquitin positive intranuclear
inclusion (blue) in a dopaminergic cell of the substantia nigra (brown = dopamine). (B) Lewy bodies in dopaminergic neuron (hematoxylin
and eosin staining; brown = dopamine). (C) a-Synuclein (dark brown) positive Lewy bodies in dopaminergic neuron (light

brown = dopamine). Arrows point to inclusions and Lewy bodies. Scale bar: 30 pm. Images taken from case 9.
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falling. His clinical history is remarkable for the diagnosis of
mitochondrial myopathy with severe dysphagia and proximal
muscle weakness at the age of 77. Muscle biopsy reported some
muscle fibers containing an accumulation of structurally abnor-
mal mitochondria displaying dense bodies and crystalloid inclu-
sions. He presented with mild tremor, predominantly
intentional, and required the use of a walker as a result of ataxia
and muscle weakness. His other medical problems included pros-
tate cancer at the age of 70, decreased bone density, arterioscle-
rotic heart disease requiring angioplasty of the right coronary
artery, cataract surgery at the age of 79, and memory loss during
the last month of his life. He was never diagnosed with PD or
Alzheimer’s disease. Pathological evaluation found moderate cor-
tical atrophy, neurofibrillary tangles in the hippocampus, and
reduced pigmentation in the lateral portion of SN as well as the
presence of LB and FXTAS inclusions.

Discussion

Parkinsonism is reported in approximately 29% to 60% of
patients diagnosed with FXTAS>®
being the most prevalent of the parkinsonian symptoms.

with rigidity and bradykinesia
56 I
our patient cohort, 45% of the patients had parkinsonian features
reported in their medical record. PD is the most common of the
recognized parkinsonian disorders. The variability of its clinical
presentation keeps challenging the established criteria for diagno-
sis of PD. However, the motor syndrome with the pathological
findings of SN neurodegeneration and synuclein deposition for-
ming LBs remain the gold standard of PD diagnosis."* PD is then
defined as a synucleinopathy. However, an exception category
has recently been created by the Movement Disorder Society to
include genetic cases—parkin (PRKN) and leucine rich repeat
kinase 2 (LRRK2)—that meet the clinical PD criteria but have
infrequent'>!® or absent LBs on autopsy.!” PRKN-PD has an
autosomal recessive inheritance pattern and an early onset of the
disease.'® On the other hand, LRRK2 is especially prevalent in
some populations; however, it has a very low penetrance.'’
These 2 genes are part of a handful of genes recognized to form
monogenic forms of PD.'® Of the 7 patients, 5 clinically diag-
nosed with PD in our patient cohort had an absence of LBs on
pathological evaluation; however, their late onset of clinical
symptoms and the absence of family history makes the presence
of parkinsonism less likely to be attributable to PRKN or
LRRK?Z mutations.

We also came across with the fact that the 7 FXTAS cases
clinically diagnosed with PD had a CGG repeat number in the
lower end of the premutation range: between 57 and 79 CGG
repeats. Prior studies have reported a parkinsonian phenotype in

20-22
and

patients with lower size FMR1 premutation expansions.
a very low prevalence of FMR1 premutation in patients with
clinical PD (0%-1%).*> In fact, the association has been more
often found between FMR1 gray zone alleles (40-54 CGG
repeats) and clinical PD in both males and females.”* 2" In pre-

. . 2
mutation carriers, De Pablo-Fernandez and colleagues®™ reported

2 cases of concomitant FXTAS and PD, both also carrying a
lower end CGG repeat number. Our findings expand on the
concept that the parkinsonism found in patients with FXTAS is
sometimes indistinguishable from the parkinsonism described in
the diagnostic criteria of idiopathic PD,* and many premutation
carriers with FXTAS are still erroneously diagnosed with PD
alone.>*? The clinical presentation can be challenging even to
experts in movement disorders because of the extensive symptom
overlap between FXTAS and PD with the caveat that the motor
symptoms in patients with FXTAS have, in many instances, a
positive response to treatment with dopaminergic medications.?’
Even when imaging results show no dopamine transporter
deficit,>* abnormal DaTSCANs have been reported in approxi-
mately 47% of patients with FXTAS, specifically those with mul-
tiple system atrophy—like features.®® Screening for the FMR1
gene premutation should be ordered in patients presenting with
intention tremor and/or cerebellar ataxia and a family history of
fragile X-related disorders, including fragile X syndrome, fragile
X—associated primary ovarian deficiency, or fragile X—associated
neuropsychiatric ~ disorder and  parkinsonian features or
PD. FXTAS caused by RNA toxicity and mitochondrial dys-
function likely leads to dopaminergic depletion, but only a lim-
ited number develop LBs. However, our findings provide
insufficient support to conclude that mutations in the FMRT
gene can cause definite PD in the presence of FXTAS. We pro-
pose that FMR1 should be recognized as one of the exceptional
genetic causes of parkinsonism and even atypical parkinsonian
syndrome with mild to moderate presynaptic dopaminergic loss
and sometimes with the presence of LBs (in 10% of FXTAS
brains).
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