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Abstract

Purpose—Carriers of fragile X mental retardation 1 (FMRL) repeat expansions in the
premutation range (55-200 CGG repeats) often develop a syndrome of kinetic tremor, cerebellar
ataxia, and parkinsonism; designated the fragile X-associated tremor ataxia syndrome (FXTAS).
Neurological signs have not been reported in carriers of gray zone (45-54 CGG repeats)
expansions.

Methods/Results—We describe three patients with FMR1 gray zone alleles who meet
diagnostic criteria for FXTAS.

Conclusions—Our cases suggest that the definition of the FXTAS may need to be broadened to
include individuals with FMR1 repeat expansions in the gray zone. These neurological signs may
be due to elevated levels of expanded CGG repeat FMR1 mRNA in the gray zone carriers, similar
to the changes seen in premutation carriers with FXTAS.
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Introduction

The fragile X-associated tremor/ataxia syndrome (FXTAS) occurs in individuals with a
premutation range (55-200 CGG) expansion in the 5" untranslated region of the fragile X
mental retardation (FMRL) gene. It manifests clinically as kinetic tremor, cerebellar gait
ataxia, parkinsonism, and executive dysfunction; typically in males over age 55.1 Premature
ovarian failure, clinically diagnosed as menopause earlier than the age of 40, is also
associated with a premutation size expansion in FMR1.2 Larger expansions in the gene
(>200 CGG repeats) result in fragile X syndrome, the most common cause of inherited
intellectual disability in boys.

Smaller expansions in the FMR1 gene, variably defined as 41-54 or 45-54 CGG repeats,
have been termed as gray zone or intermediate alleles based on the lower likelihood of the
CGG repeat increasing and causing fragile X syndrome in later generations. The prevalence
of FMRL1 gray zone alleles is 0.3% (40-54 CGG) to 2.6% (40-59 CGGQG) in the general
population.3-5 Recently, gray zone alleles have been associated with special needs in
children, primary ovarian insufficiency, and men with parkinsonism; similar to phenotypes
seen in the premutation range.5~7 This paper describes individuals that meet diagnostic
criteria for FXTAS that have FMRL gray zone alleles.

Case Reports

Case l

A 63 year old man presented with a ten year history of difficulty walking, memory
problems, and tremor. His initial symptoms were decreased arm swing, dragging of the right
foot, and short-term memory difficulties. Two years later, he was diagnosed with
parkinsonism, but was not treated. He then developed bilateral kinetic tremor, which caused
difficulty with cutting food and getting dressed. He had problems getting out of a car, softer
speech, depression, apathy, urinary frequency, and hypoosmia. He was started on carbidopa/
levodopa, which helped his tremors but did not improve his walking. He developed wearing
off of the medication nine years after symptom onset and was given pramipexole, which
caused hallucinations, and then rasagiline, which reduced his tremors. On examination at
age 63, he scored 25/30 on the Mini Mental Status Examination®. He had mild dysarthria,
saccadic pursuits, impaired vertical optokinetic nystagmus, and masked facial expression
(Video 1). He had increased tone on the right, a jerky irregular tremor in the right arm at rest
and with action, especially with handwriting and pouring water (Figure 1a), and an irregular
bilateral postural tremor. He had freezing on gait initiation and slowed shuffling gait, with
decreased stride length and dragging of the right foot. He had retropulsion on the pull test,
and was unable to complete tandem walking. MRI of the brain showed mild scattered white
matter disease and global volume loss. There was no middle cerebellar peduncle (MCP)
sign. Six months after he was seen, he developed orthostasis and rapidly progressive
dementia with delusions and severe hallucinations, and died after having a fall. Autopsy was
not performed. He had a FMR1 allele of 48 CGG repeats.
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A 75 year woman presented with a ten year history of kinetic tremor in her hands.
Propranolol was initially effective, but stopped due to side effects. Trials of primidone,
topiramate, neurontin, and clonazepam were not effective. After five years, the tremor
became much worse (Figure 1b) and she developed difficulty with balance and falls. Eight
years into her course, she had a deep brain stimulator placed into the right thalamus, with
resultant improvement in her tremor per objective testing, but not according to the patient.
Post-surgery, she developed worsened balance and cognition, as well as increasing lack of
insight, anxiety, and agitation. Family history was relevant for a grandfather that had the
same type of tremor and two aunts had voice tremor. Examination at age 75 showed mild
bradykinesia in the left extremities, moderate kinetic tremor in the hands symmetrically,
mild symmetric postural tremor, mild head tremor, and intention tremor of the right foot
(Video 2). Stance was wide, gait was slow, and she was unable to complete tandem gait.
Brain MRI showed moderate volume loss and mild white matter changes consistent with
ischemia (Figure 2a). T2 hypointensity in the basal ganglia on MRI was felt to be secondary
to normal aging. DNA testing revealed the presence of FMR1 alleles of 30 and 47 CGG
repeats. FMR1 mRNA level was within the normal range [1.31 (+0.06 standard error of the
mean)].

A 54 year old woman from Saudi Arabia had onset of left arm stiffness and pain at age 50.
Within six months she developed action tremor in the hand, slurring of her speech, and word
finding difficulty. Her symptoms progressed over the next year, interfering with most
activities of daily living and forcing her to stop working. One and a half years after onset of
symptoms, she started feeling “off balance,” developed intermittent falls, occasionally drag
her left leg and became dependent on a cane. Additionally, she complained of fatigue,
memory difficulties, constipation, urinary urgency and incontinence. Neurological
examination was notable for depressed affect, mild cogwheel rigidity, action induced
dystonic posturing, and a mild fast amplitude action tremor of the left hand (Video 3). Fine
motor and rapid alternating movements had markedly reduced amplitude with decrement in
the upper extremities. Reflexes were increased in the left extremities and she had clonus at
both ankles. Her gait showed mild left arm dystonic flexor posturing with minimal swing
and a subtle left leg limp. At age 52, she was treated with carbidopa/levodopa 112.5/450 per
day, which offered marked symptomatic improvement in her speed of walking, falls, tremor
and stiffness. Four months later, she noted wearing off and one year later, she had left facial
dyskinesia. At age 53, her family reported that she thrashed about when dreaming. By age
54, her balance had worsened so that she adopted a walker. The MCP sign was present on
her MRI (Figure 2b—c). FMRL1 allele sizes were 50 and 30. FMR1 mRNA was elevated at
3.38 + 0.21 (SEM) times normal.

Discussion

These three patients have kinetic tremor and other signs typically seen in FXTAS, but have
FMRL1 CGG repeat expansions in the gray zone range. Published diagnostic criteria for
FXTAS requires the presence of kinetic tremor or cerebellar gait ataxia, white matter
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changes or the middle cerebellar peduncle sign on imaging, and a premutation allele in the
FMR1 gene.l Our first case started with signs of cognitive dysfunction and parkinsonism,
developing kinetic tremor shortly after. His cognitive issues at the onset of his symptoms
lead to a diagnosis of “parkinsonism’ rather than idiopathic Parkinson disease (PD).
Although he developed more typical signs for PD, including fluctuations and hallucinations;
his kinetic tremor, the jerky quality of the tremor, and his rapid cognitive decline before
death are unusual for PD, Lewy body dementia, or other atypical parkinsonian syndromes.
Upon presentation to our tertiary center, he was suspected to have FXTAS and a FMR1 test
was sent. He would meet diagnostic criteria for possible FXTAS if he had a FMR1
premutation rather than gray zone expansion. Our diagnostic certainty is lowest with this
patient and would be higher with a MCP sign on imaging or neuropathology. Our second
case had gait ataxia out of proportion to what would be expected with essential tremor (ET).
She also had lack of insight and anxiety, which are common in fragile X premutation
carriers. If she had the premutation, then she would meet diagnostic criteria for probable
FXTAS. The third case is classic for FXTAS, and would meet diagnostic criteria for definite
FXTAS if she had the premutation rather than the gray zone expansion.

Prior to this report, three other phenotypes had been described in gray zone carriers. A
population screening of 1013 boys with learning disabilities and their mothers (n=760)
showed a significant excess of gray zone alleles (41-60 CGG) in the affected boys.’
However, a follow up study in boys with special education needs (n=5084) did not confirm
this result.® Primary ovarian insufficiency has been shown to be increased in women with
41-58 CGG repeats.510 Lastly, Australian men with parkinsonism are two-fold more likely
to carry an FMR1 gray zone allele (41-60 CGG repeats) than controls.11

The reason that clinical signs are being found in gray zone carriers is likely because
molecular changes in FMR1 gray zone are similar to that seen in the premutation. As the
repeat size increases from the normal range (<41 CGG repeats), there is an increase in
expanded (the CGG repeat is transcribed) FMR1 mRNA levels and a mild decrease in
fragile X mental retardation protein (FMRP) levels.12-14 FMRP is a RNA shuttling protein
that works in functional opposition to metabotropic glutamate receptors.1®-16 Lack of this
protein leads to altered synaptic plasticity,1” but the effect when the protein is at slightly low
levels in premutation carriers is unclear. A toxic gain of function of mMRNA due to increased
levels of the expanded FMRL mRNA is proposed to account for neurological symptoms in
the premutation carriers with FXTAS. This starts in the gray zone range and therefore may
account for the observed phenotypes here described. Given that other phenotypes have been
observed in FMR1 gray zone carriers and this plausible mechanism of pathology, our
findings are not unexpected.

Gray zone alleles have been reported to expand over two generations to a full mutation
range,18-20 put typically it takes at least three generations. The American College of
Medical Genetics practice guidelines define the intermediate zone or gray zone alleles as
41-60 CGG repeats.?! However, 45-54 CGG repeats have been designated the intermediate
or gray zone by the laboratory practice committee of the American College of Medical
Genetics.22 This discrepancy is addressed in a paper that defines the gray zone as 45-54
based on the lack of widespread fragile X-associated disorders in individuals with the
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smaller 41-44 CGG repeats,23 despite studies showing phenotypes in this range.6-7. 10-11
Now that phenotypes have been associated with gray zone alleles, it may be important to
redefine the range based on molecular findings, which suggest that transcript levels of
FMR1 mRNA increase starting at just 39 CGG repeats.12

As noted, a major criterion for the current diagnosis of FXTAS is the presence of a
premutation allele. Our findings suggest that the lower boundary for pathology associated
with the premutation may need to be changed to include the gray zone range. In fact, recent
reports also suggest that the upper boundary for pathology (i.e., 200 CGG repeats) may also
need to be changed. FXTAS has been reported in a man with a fully unmethylated full
mutation (297-480 CGG repeats) in FMR1.23 Further, intranuclear inclusions
characteristically seen in FXTAS have also been reported in men with a full mutation.24

This paper reports three cases of signs of FXTAS in individuals with a FMR1 allele within
the gray zone. This suggests that FXTAS could develop in persons that are gray zone
carriers. However, this idea needs validation by finding other cases and especially by
neuropathological confirmation. Given our three cases and the recent full mutation carrier
with FXTAS, a new definition of FXTAS may involve both the lower end (gray) and the
upper end (full) of the FMR1 mutation. It may also have implications for physicians who
diagnose and treat movement disorders and providers who are counseling families with
fragile X associated disorders, in addition to the 0.3-2.6%% of the general population who
carry FMR1 gray zone alleles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Spirals from the Clinical Rating Scale for Tremor: a. Case 1 b. Case 2.
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Case 2: a. Axial T2-weighted fast spin ECHO MRI showing basal ganglia hypodensities and
volume loss Case 3: b. Axial T2-weighted MRI showing hyperintensities in the middle
cerebellar peduncle (‘MCP sign’) c. Coronal FLAIR MRI showing hyperintensities in the

middle cerebellar peduncle.
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