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The Fragile X-Associated
Tremor/Ataxia Syndrome

Relatively recently described, FXTAS is a progressive genetic disorder for which
there is no cure, but symptomatic therapy is indicated.

he fragile X-associated tremor/ataxia syndrome
(FXTAS) is a genetic disorder that typically affects
males with tremor, ataxia, and cognitive deficits. The
slowly progressive neurodegenerative disorder caused
by a repeat expansion in the ‘premutation’ range (55-
200 CGG repeats) in the fragile X mental retardation 1 gene
(FMR1) manifests over the age of 55. FXTAS was originally
described in 2001 when a developmental pediatrician noticed
that the grandfathers of children with fragile X syndrome had
a variable neurological disorder with tremor, ataxia, and
parkinsonism.* Fragile X syndrome (FXS) is a developmental
disorder associated with autism and intellectual disability
(more severe in boys) and is caused by more than 200 CGG
repeats in the FMR1 gene (for review see Hagerman et al.
2009).2
There are characteristic neuroimaging and pathological
changes in individuals with FXTAS and neurological signs
may respond to medications used for other disorders. Due to
the genetic nature of the disease, clinicians who diagnose the
disorder will need to counsel families regarding risk to chil-
dren and grandchildren of related disorders.

Clinical Features

The clinical features of FXTAS are kinetic tremor and gait
ataxia, but a variety of other signs have been associated, to
include: parkinsonism, peripheral neuropathy, executive dys-
function, and autonomic abnormalities.* Neurological signs
typically manifest in males over the age of 55, but females may
be affected as well. The movement disorder symptoms tend to
instigate referral from the primary care physician to neurolo-
gists for diagnosis.® Initial symptoms and their severity are
variable. Patients usually report tremor when doing tasks,
such as handwriting. On examination, the tremor may be evi-
dent with posture, intention, handwriting or water pouring.
The tremor may also be present in the legs or to a milder
degree in the head and neck. Gait ataxia starts with difficulty
with tandem steps but progresses to wide-based, unsteady
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ambulation, with some instability with turning. In cohort
studies, motor dysfunction is more severe with larger CGG
repeat expansion sizes, and kinetic tremor and gait ataxia are
frequently disabling in patients with higher repeat sizes.* The
movement disorder symptoms do progress over time, with
patients having an average of six years prior to the onset of
falls, 15 years until need of a walking aid, and 13 years until
the tremor is disabling enough to interfere with activities of
daily living.*

Cognitive difficulties in FXTAS include executive dysfunc-
tion, poor verbal fluency, and slowed processing speed.® There
is a direct correlation between repeat size and cognitive
deficits. The cognitive changes usually progress at a variable
rate, and a frontal subcortical dementia develops in at least 50
percent of individuals with FXTAS.® In addition, psychiatric
signs are common in FXTAS, to include apathy (93 percent),
irritability (86 percent), depression (79 percent), disinhibition
(64 percent), anxiety (50 percent), and delusions (29 per-
cent).” Anxiety is associated with the premutation,® even with-
out the presence of FXTAS and may be seen in daughters of
individuals with FXTAS. The constellation of cognitive
changes and behavioral problems can place a strain on care-
givers, even if motor symptoms are relatively mild.

Neuropathic symptoms in FXTAS include vibratory sensa-
tion loss and diminished reflexes compared to normal con-
trols.® Nerve conduction studies in males with FXTAS show
lower tibial nerve conduction velocities, prolonged F-wave
latencies, smaller compound muscle action potential ampli-
tudes, and reduced sural sensory nerve action potential ampli-
tudes.”® The presence of neuropathy can worsen the underly-
ing gait ataxia.

Although not neurological in nature, the premutation is
also associated with premature ovarian failure or primary
ovarian insufficiency, manifesting as menopause occurring
prior to age 40 and variable problems with infertility.** This
problem is frequently seen in daughters of individuals with
FXTAS.
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shows a hyperintense signal in the middle cerebellar peduncle or the ‘"MCP’ sign.

Figure 1. Magnetic resonance imaging in a patient with FXTAS. Left: Axial FLAIR shows white matter hyperintensities and global atrophy. Right: Axial FLAIR

Imaging

Brain imaging shows generalized atrophy in all patients after
adjusting for age and mild to moderate cerebellar volume loss
in 85 percent of patients?® (Fig. 1). Symmetric hyperintense
lesions of the middle cerebellar peduncles sparing the dentate
nuclei, termed the ‘MCP’ sign, are observed on T2 or FLAIR
MRI images in 60 percent of cases.'*** Abnormal signal is seen
in the frontal and parietal subcortical and periventricular
white matter in 75 percent of patients with FXTAS.
Nigrostriatal dopaminergic function in FXTAS patients with
parkinsonism (not responsive to dopaminergic therapy) has
been investigated with [123I1]FP-CIT SPECT and shown con-
flicting results, with normal uptake in some patients and a
reduction in uptake in others.s

Neuropathology

Eosinophilic inclusions, similar to those seen in polygluta-
mine repeat disorders, are present in neuronal and astrocytic
nuclei throughout the brain, especially in the cortex. The
inclusions react to anti-ubiquitin antibodies and are distinct
from previously described pathological intranuclear inclusions
in other neurodegenerative disorders. The cerebellum displays
marked dropout of Purkinje cells, Purkinje axonal torpedoes,
and Bergmann gliosis."

Genetics

FXTAS is inherited as an X-linked disorder and is more fre-
quently seen in males due to presence of an additional normal
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X chromosome in females. Expansion of a premutation range
CGG repeat to a full mutation usually occurs over at least two
generations, but only when passed on by a female to her off-
spring. Thus, individuals with FXTAS may have grandchil-
dren with developmental delay (FXS) or daughters with pre-
mature ovarian insufficiency. The penetrance of FXTAS is
age-dependent, with 17 percent of male premutation carriers
aged 50-59, 38 percent of male carriers aged 60-69, 47 per-
cent of male carriers aged 70-75, and 75 percent of males >80
meeting criteria for the disorder.®* FXTAS is seen in about
eight percent of all females with a premutation over age 50
years,®® although females usually have later onset, less severe
symptoms, and less progression. Manifestation of disease in
females relates to not only CGG repeat length, but also acti-
vation ratio (the percentage of cells with the premutation X as
the active X chromosome). Individuals with FXTAS were ini-
tially ascertained through FXS families, however, many affect-
ed patients are now diagnosed by neurologists or movement
disorder specialists. This makes knowledge of the clinical fea-
tures seen in various generations especially important for
genetic counseling purposes. (Fig. 2)

Epidemiology

The prevalence of the FMR1 premutation in males in the gen-
eral population is approximately one in 813.% The prevalence
of the FMR1 premutation in females is one in 259 in the gen-
eral population.? On the basis of the carrier frequency, the
prevalence of the disorder is estimated to be at least one in
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mental retardation 1 protein levels
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(FMRP).% Elevated mRNA levels may
reflect a defect in the translation of the
MRNA into FMRP.Z In larger expan-
sions (>200 CGG repeats), hyperme-
thylation of the FMR1 promoter
occurs, with transcriptional silencing of
FMR1 and absence or reduction of
expression of FMRP. FMRP is an RNA-
binding protein that regulates transla-
tion at dendrites in response to neural
activation, thereby modulating synaptic
plasticity and dendritic morphology
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Figure 2. Sample pedigree of a family with FXTAS and FXS.
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nism has been proposed for FXTAS

based on the finding of the elevated
FMR1 mRNA levels in cells from pre-
mutation carriers, particularly at larger

3,000 males over the age of 50 years in the general population.
However, screening studies in movement disorder populations
have yielded few cases overall, with the exception of cohorts of
older males with negative spinocerebellar ataxia (SCA) genet-
ic screening and multiple system atrophy cerebellar type.

Diagnosis and Differential Diagnosis

Definitive diagnosis of FXTAS is made when PCR shows an
expansion in the FMR1 gene in an individual with Kinetic
tremor or gait ataxia.®* The DNA test performed is the same
for identification of either FXTAS or FXS, and may be termed
fragile X DNA test, FMR1 DNA test, or FXTAS DNA test,
depending on the laboratory. The fragile X DNA test is read-
ily available at numerous university and commercial laborato-
ries in the USA and through health services laboratories in
many countries. There are few disorders that present with the
constellation of symptoms and signs seen in FXTAS. Patients
with FXTAS are most frequently initially diagnosed with a
movement disorder: tremor, ataxia, or parkinsonism.?
However, initial diagnoses of dementia, stroke, normal pres-
sure hydrocephalus, and multiple sclerosis have also been
reported. SCA 12 is the SCA most similar to FXTAS clinical-
ly, with gait ataxia and kinetic tremor.?

Pathophysiology

Molecular studies have shown that males with 55 to 200
CGG repeats have higher than normal levels of FMR1
MRNA and, at higher repeat sizes, mildly reduced fragile X
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CGG repeat sizes. Accumulated FMR1
MRNA containing the CGG repeat is thought to exert a neu-
rotoxic effect by sequestering and perturbing function of
nuclear proteins. This mechanism is consistent with the find-
ings of nuclear inclusions in mice expressing an FMR1 gene
with a premutation expansion allele (~100 CGG repeats),®
neurodegeneration in Drosophila expressing expanded CGG
repeat,s and the correlation of numerous measures of disease
severity in humans with the CGG repeat length.® As predicted
by the FMR1 mRNA toxicity mechanism for FXTAS, individ-
uals with the FMR1 full mutation and FXS do not develop
FXTAS, because the FMR1 gene silencing results in absent or
reduced FMR1 mRNA and FMRP.

Treatment

No medications are consistently effective for FXTAS.”
Patients are treated symptomatically, and clinicians may have
success by targeting the most bothersome symptoms. Of the
subjects receiving therapy for intention tremor, three of six
reported mild to moderate improvement on primidone; three
of eight had moderate improvement in tremor on beta-block-
ers, two of eight had moderate improvement on benzodi-
azepines, and one had mild improvement on memantine.”
Parkinsonism (rest tremor, slowness, or stiffness) improved
on carbidopa/levodopa in two of eight and on pramipexole in
one of two subjects.?” A recent case report did show improve-
ment of the gait ataxia in a FXTAS subject on varenicline,®
but anecdotal evidence with other patients suggests this med-
ication may worsen tremor. Physical therapy for gait training
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may be useful for patients with ataxia or parkinsonism.
Slowing of cognitive decline was reported in two of six sub-
jects on venlafaxine and three of nine subjects on acetyl-
cholinesterase inhibitors.? Anxiety improved in two of six
subjects on venlafaxine and five of eight subjects on benzodi-
azepines.?” Gabapentin may be helpful for neuropathic pain
in FXTAS.

Research

There are several lines of ongoing clinical research in FXTAS.
Large population studies are being conducted to ascertain
neurological patients with FMR1 repeat expansions. Two neu-
rological phenotype studies to better characterize the execu-
tive dysfunction, neuroimaging, and cognitive markers in the
disorder are being conducted. The first clinical trial in the dis-
order has started and is testing memantine, an NMDA recep-
tor antagonist, to slow down the progression of disease. There
is also ongoing work to characterize biomarkers of nuclear
CGG-repeat toxicity and identify predictors of disease in
presymptomatic carriers. It is hoped that in the future, mech-
anism-specific treatments that can reverse the course of the
disease will become available through molecular and transla-
tional research. Specifically small molecules including siRNAs
that disrupt the FMR1 RNA CGG repeat interactions are
being investigated. PN

Dehorah Hall, MD, PhD, Department of Neurological Sciences, Rush
University Medical Center, Chicago, 1.

Elizabeth Berry-Kravis, MD, PhD, Departments of Neurological
Sciences, Pediatrics, and Biochemistry, Rush University Medical
Center, Chicago, II.

1. Hagerman, R. ., M. Leehey, W. Heinrichs, et al. Intention Tremor, Parkinsonism,
and Generalized Brain Atrophy in Male Carriers of Fragile X. Neurology. 2001; 57:
127-30.

2. Hagerman, R. )., E. Berry-Kravis, W. E. Kaufmann, et al. Advances in the
Treatment of Fragile X Syndrome. Pediatrics. 2009; 123: 378-90.

3. Hall, D. A., E. Berry-Kravis, S. Jacquemont, et al. Initial Diagnoses Given to
Persons with the Fragile X Associated Tremor/Ataxia Syndrome (FXTAS). Neurology.
2005; 65: 299-301.

4. Leehey, M. A., E. Berry-Kravis, C. G. Goetz, et al. FMR1 CGG Repeat Length
Predicts Mator Dysfunction in Premutation Carriers. Neurology. 2008; 70: 1397-402.

5. Grigshy, J., A. G. Brega, K. Engle, et al. Cognitive Profile of Fragile X Premutation
Carriers with and without Fragile X-Associated Tremor/Ataxia Syndrome.
Neuropsychology. 2008; 22: 48-60.

6. Bourgeois, J. A., . B. Cogswell, D. Hessl, et al. Cognitive, Anxiety and Mood
Disorders in the Fragile X-Associated Tremor/Ataxia Syndrome. Gen Hosp
Psychiatry. 2007; 29: 349-56.

7. Bacalman, S., F. Farzin, J. A. Bourgeois, et al. Psychiatric Phenotype of the Fragile
X-Associated Tremor/Ataxia Syndrome (FXTAS) in Males: Newly Described Fronto-
Subcortical Dementia. J Clin Psychiatry. 2006; 67: 87-94.

8. Hessl, D., Tassone, F., Loesch, D.Z., et al. Abnormal Elevation of FMR1 mRNA is
Associated with Psychological Symptoms in Individuals with the Fragile X

28 Practical Neurology

Premutation. Am ] Med Genet B Neuropsychiatr Genet. 2005;139:115-21.

9. Berry-Kravis, E., C. G. Goetz, M. A. Leehey, et al. Neuropathic Features in Fragile
X Premutation Carriers. Am J Med Genet A. 2007; 143: 19-26.

10. Hagerman, R., K. Soontarapornchai, R. Maselli, et al. Characterization of the
Neuropathy in the Fragile X-Associated Tremor/Ataxia Syndrome. 13th International
Workshop of Fragile X and X-Linked Mental retardation. 2007: Venice, Italy.

11. Sherman, S. L. Premature Ovarian Failure in the Fragile X Syndrome. Am ] Med
Genet. 2000; 97: 189-04.

12. Cohen, S., K. Masyn, J. Adams, et al. Molecular and Imaging Correlates of the
Fragile X-Associated Tremor/Ataxia Syndrome. Neurology. 2006; 67: 1426-31.

13. Jacquemont, S., R. ). Hagerman, M. A. Leehey, et al. Penetrance of the Fragile X-
Associated Tremor/Ataxia Syndrome in a Premutation Carrier Population. JAMA.
2004; 291: 460-9.

14. Brunberg, J. A., S. Jacquemont, R. J. Hagerman, et al. Fragile X Premutation
Carriers: Characteristic MR Imaging Findings of Adult Male Patients with Progressive
Cerebellar and Cognitive Dysfunction. AINR Am J Neuroradiol. 2002; 23: 1757-66.

15. Ceravolo, R., A. Antonini, D. Volterrani, et al. Dopamine Transporter Imaging
Study in Parkinsonism Occurring in Fragile X Premutation Carriers. Neurology. 2005;
65:1971-3.

16. Scaglione, C., A. Ginestroni, A. Vella, et al. MRl and SPECT of Midbrain and
Striatal Degeneration in Fragile X-Associated Tremor/Ataxia Syndrome. ] Neurol.
2008; 255: 144-6.

17. Greco, C. M., R. ). Hagerman, F. Tassone, et al. Neuronal Intranuclear Inclusions
ina New Cerebellar Tremor/Ataxia Syndrome among Fragile X Carriers. Brain. 2002;
125:1760-71.

18. Coffey, S. M., K. Cook, N. Tartaglia, et al. Expanded Clinical Phenotype of
Women with the FMR1 Premutation. AmJ Med Genet A. 2008; 146A: 1009-16.

19. Dombrowski, C., 5. Levesque, M. L. Morel, et al. Premutation and Intermediate-
Size FMR1 Alleles in 10572 Males from the General Population: Loss of an Agg
Interruption Is a Late Event in the Generation of Fragile X Syndrome Alleles. Hum
Mol Genet. 2002; 11: 371-8.

20. Rousseau, F., P. Rouillard, M. L. Morel, et al. Prevalence of Carriers of
Premutation-Size Alleles of the FMR1 Gene--and Implications for the Population
Genetics of the Fragile X Syndrome. Am J Hum Genet. 1995; 57: 1006-18.

21. Hall, D.A., Hagerman, R.J., Hagerman, P.J., et al. Prevalence of FMR1 Repeat
Expansions in Movement Disorders: a Systematic Review. Neuroepidemiology
2006;26:151-155.

22. 0'Hearn, E., 5. E. Holmes, P. C. Calvert, et al. Sca-12: Tremor with Cerebellar and
Cortical Atrophy Is Associated with a CAG Repeat Expansion. Neurology. 2001; 56:
299-303.

23. Tassone, F., R.J. Hagerman, D. Z. Loesch, et al. Fragile X Males with
Unmethylated, Full Mutation Trinucleotide Repeat Expansions Have Elevated Levels
of FMR1 Messenger Rna. Am ] Med Genet. 2000; 94: 232-6.

24. Ogren, M. P., and P. J. Lombroso. Reversing the Effects of Fragile X Syndrome. J
Am Acad Child Adolesc Psychiatry. 2008; 47: 863-7.

25. Van Dam, D., V. Errijgers, R. F. Kooy, et al. Cognitive Decline, Neuromotor and
Behavioural Disturbances in a Mouse Model for Fragile-X-Associated Tremor/Ataxia
Syndrome (FXTAS). Behav Brain Res. 2005; 162: 233-9.

26.Jin, P., D. C. Zarnescu, F. Zhang, et al. Rna-Mediated Neurodegeneration Caused
by the Fragile X Premutation rCGG Repeats in Drosophila. Neuron. 2003; 39: 739-47.

27. Hall, D.A., Berry-Kravis, E., Hagerman, Rl., et al. Symptomatic Treatment in the
Fragile X-associated Tremor/Ataxia Syndrome (FXTAS). Mov Disord 2006;21:1741-
1744.

28 Zesiewicz, T. A., K. L. Sullivan, A. Freeman, et al. Treatment of Imbalance with
Varenicline Chantix(R): Report of a Patient with Fragile X Tremor/Ataxia
Syndrome. Acta Neurol Scand. 2009; 119: 135-8.

July/August 2009



