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Background: Multiple sclerosis (MS) and fragile X–as-
sociated tremor/ataxia syndrome (FXTAS) have overlap-
ping clinical signs and symptoms.

Objectives: To present a case with evidence of both MS
and FXTAS and to discuss the relationship of both
disorders.

Design: Case report.

Setting: Fragile X Research and Treatment Center at the
University of California, Davis, Medical Center.

Patient: Woman with the FMR1 premutation who died
of MS at the age of 52 years.

Main Outcome Measures: Magnetic resonance
imaging, physical examination, and neuropathologic ex-
amination results.

Results: Magnetic resonance imaging, physical exami-
nation, and autopsy neuropathologic examination re-
vealed diagnostic features of MS and FXTAS.

Conclusion: The molecular mechanism of RNA toxic-
ity, including the elevation of �B-crystallin levels ob-
served in FXTAS, may lead to enhanced predisposition
to autoimmune diseases.
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M ULTIPLESCLEROSIS(MS),
the most common de-
myelinating disease of
thecentralnervoussys-
tem(CNS),affectsmore

than350 000people intheUnitedStatesand
an estimated 2 million people worldwide;
CNS demyelination and varying degrees of
axonal injury and inflammation are essen-
tial features inestablishedcases.Theconsis-
tentpresenceofaxonaldysfunctionhas fur-
theredanunderstandingofsustaineddisabil-
ityandregenerativefailureinthosewithMS.1

Premutation alleles (55-200 CGG re-
peats) of the fragile X mental retardation 1
(FMR1) gene are common (1 per 100-300
females and 1 per 300-800 males); toxic ef-
fects caused by the excess amount of pre-
mutation FMR1 messenger RNA (mRNA)
leads to the adult-onset neurologic disor-
der fragile X–associated tremor/ataxia syn-
drome (FXTAS).2 The penetrance of FXTAS
in male carriers throughout 50 years, as-
certained through families with a fragile X
syndrome proband, is approximately 40%;
its penetrance in female carriers is lower (ap-
proximately 5%-10%).2,3 The pathologic fea-
tures of FXTAS include intranuclear inclu-
sions in neurons and astrocytes throughout
the brain and brainstem, astrocyte activa-
tion, axonal retraction bulbs, axonal loss,
and myelin loss.4,5 The inclusions contain
�B-crystallin, MBP, lamin A/C isoforms, and
numerous other proteins.5 The toxic ef-

fects of FMR1 mRNA also result in the dis-
ruption of nuclear lamin A/C architecture
and formation of perinuclear �B-crystallin
aggregates in cultured neural cells.6

REPORT OF A CASE

A 32-year-old woman presented with right
arm numbness that persisted for 2 months,
followedbyanepisodeofopticneuritis;both
resolved spontaneously. At 38 years of age,
shepresentedwitha leftextensorplantar re-
flex, loss of dexterity in the right hand, ap-
pendicularataxiathatinvolvedtherightlower
extremity, and mild gait ataxia. Brain mag-
neticresonanceimaging(MRI)revealedmild
diffuseatrophyandmultiplefociofincreased
T2-weightedsignal intensity in theperiven-
tricular white matter and cerebellum, con-
sistent with a demyelinating disorder
(Figure 1). She was diagnosed as having
relapsing-remitting MS. Lumbar puncture
was not performed. Despite treatment, her
condition deteriorated during the next 3
months,withreducingbilaterallowerextrem-
ity sensation and motor function, worsen-
ingataxia,andfrequenturinaryincontinence.

At 43 years of age, progression involved
bilateral hand and lower extremity numb-
ness, upper extremity intention tremor,
gait ataxia, spastic paraparesis, short-term
memorydeficits,progressivedysarthria,dis-
inhibition,anddepression.During thenext
9 years, additional medications, including
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weeklymethotrexate, interferonbeta-1b,andmitoxantrone,
were used. Her family history includes parkinsonism in
her maternal grandfather and ovarian dysfunction (mid-
30s) in her daughter, with workup revealing a premuta-
tion FMR1 allele (84 repeats). No other family history of
fragile X syndrome was found. Given her daughter’s car-
rier status and her own neurologic problems, the patient
was tested and found to have a premutation allele (75 re-
peats).Theactivationratio(fractionofnormalactiveFMR1
alleles)was0.44.The FMR1 RNAlevelwaselevated(mean
[SD], 2.80[0.12] times normal), consistent with premu-
tation carrier status.2 She died at the age of 52 years after
progressive memory impairment, loss of motor control,
significant ataxia, and tremor.

Coronal sectionsof thebrain(1133g)showedmoderate
frontalgyralatrophy,withscattered,variablysized,discrete
regionsofgraydiscolorationincerebralandcerebellarwhite
matter, especially prominent in periventricular locations
butalso in thebasal ganglia, brainstem,and leftmiddlecer-
ebellar peduncle. On microscopic examination, these ab-
normalities appeared as areas of demyelination in various
stages of activity (Figure2). Microfoci of perivascular pa-
renchymalpallorwith lymphocytic infiltrateswerepresent
inearlylesions.Midstageplaquesshowedinfiltratesoffoamy
macrophages and lymphocytes, reactive astrocytosis, and
microglialactivityattheirmargins;scantperivascularmono-
nuclear inflammatory infiltrateswerealsoseen(Figure2A).
Inactiveplaquesshowedparenchymalcollapsewithmicro-
cysticchange.Correspondingly,Bielschowsky(axon)stain
and Luxol fast blue/periodic acid–Schiff (myelin) stain
showed varying degrees of axonal and myelin loss, respec-
tively. Patchy areas of demyelination were seen in the mo-
lecular layersofboth thecerebrumandcerebellum. Immu-
nocytochemical staining for CD4� lymphocytes (helper T
cells) was negative in subacute lesions and revealed scant
positivecells inaburned-outplaque(Figure2C);CD8� lym-
phocytes (killerTcells)werecommoninsubacuteplaques
and scant in chronic plaques (Figure 2D). CD20 (B-cell)
immunostainingwasnegative inboth.Glial fibrillaryacidic
protein immunostainingshowedreactiveastrocytes inand
around plaques and in nearby gray matter.

Ubiquitin immunostaining identified few intra-
nuclear inclusions in astrocytes throughout the brain and
rare inclusions in cortical neurons, as described for
FXTAS.4 Astrocytic inclusions were within regions of de-
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Figure 2. Microscopic examination of coronal sections of the brain. A, White
matter with a sharply delineated plaque of demyelination on myelin stain (Luxol
fast blue/periodic acid–Schiff, original magnification �100). Arrowheads
indicate the pallor demyelination; arrow, perivascular cuffing by mononuclear
cells. B, Ubiquitin immunostaining shows intranuclear inclusions in astrocytic
nuclei within a region of demyelination (arrow) (original magnification �400).
C, CD4 immunostaining identifies helper T (TH) cells (arrows) primarily in
perivascular locations within plaque (original magnification �200). D, More
T-suppressor/killer cells (arrows) are seen than TH cells, both surrounding
vessels and within the plaque of demyelination (original magnification �200).
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Figure 1. Magnetic resonance imaging (1.5 T) of the brain. A, Sagittal T2-weighted image shows thinning of the corpus callosum with poorly marginated regions of
increased T2-weighted signal intensity. There is diffuse moderate cerebral volume loss for age and mild pontine volume loss. B, Axial spin-density image shows
abnormal high-signal intensity in deep white matter. C, Axial T2-weighted image shows increased T2-weighted signal intensity in the middle cerebellar peduncles.
Similar alterations were present in the subependymal and deep white matter of the cerebral hemispheres at and above the level of the bodies of the lateral ventricles.
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myelinated white matter (Figure 2B) and nondemyelin-
ated white matter.

COMMENT

This report describes a woman with MS, clinically defi-
nite on the basis of accepted criteria7 but with evidence
of both MS and FXTAS on neuropathologic study re-
sults. Symptoms and findings shared by these disorders
include intention and head tremor, ataxia, peripheral neu-
ropathy, and spasticity. This patient’s MRI abnormali-
ties are compatible in distribution and in time-related al-
terations with the diagnosis of MS. The cerebral white
matter T2-weighted signal intensity alterations that oc-
cur with FXTAS generally involve subependymal, deep,
and subcortical white matter and are usually more con-
fluent than is seen with typical MS; however, in an in-
dividual patient, these features cannot be definitely dis-
tinguished from changes that may be associated with
extensive MS. The diffuse white matter MRI signal in-
tensity alterations in this patient, although more char-
acteristic of MS, may represent independent, additive
imaging abnormalities for the 2 disorders.

It is possible that FXTAS and MS may be coincident, that
the underlying disease process in FXTAS may manifest clini-
cally as MS on some occasions, or that FXTAS may stimu-
late the pathologic process of MS, exacerbating its course.8

Indeed, Hall et al8 found that 2 of 56 patients with FXTAS
were initially diagnosed as having MS or possible MS. In a
separate cohort of 125 female premutation carriers with-
out FXTAS, 1 patient was also diagnosed as having MS based
on MRI findings, neurologic examination findings, and the
presence of oligoclonal bands in the cerebrospinal fluid.3

Several mechanisms may contribute to a potential causal
relationship between MS and FXTAS. The small heat shock
protein �B-crystallin is thought to be involved both in
the normal dynamics of cytoskeletal proteins9 and in
maintenance of cell survival during cellular stress.10 �B-
crystallin is highly expressed during the early phases of MS
episodes,11 and autoantibodies to �B-crystallin are
found in the cerebrospinal fluid of patients with MS,
potentially interfering with its protective role in reducing
brain inflammation and brain cell death.12 �B-crystallin is
also found within CGG repeat–induced inclusions of
patients with FXTAS, possibly reflecting an early re-
sponse to cellular stress imposed by the toxic FMR1 mRNA
and disruption of lamin A/C architecture within the
nucleoplasm.6

Recent observations (C.M.G., F.T., D.G.-A., et al, un-
publisheddata, June14,2007) foundthat the�B-crystallin
mRNA levels were significantly higher in the frontal cor-
texofpatientswithFXTAScomparedwithcontrolpatients.
Because �B-crystallin is a key antigen in the development
ofMS,11upregulationof�B-crystallininpatientswithFXTAS
could result in loss of immunologic tolerance, leading to
predispositionorexacerbationofMS.Furthermore, carrier
women appear to be particularly prone to develop autoim-
mune disorders, including autoimmune thyroiditis and fi-
bromyalgia.3 We therefore hypothesize that the elevation
of �B-crystallin levels observed in FXTAS may lead to en-
hanced predisposition to autoimmune diseases.

In conclusion, additional studies regarding the asso-
ciation of MS and FXTAS are warranted. The screening
of individuals with atypical MS for the FMR1 premuta-
tion is also recommended, particularly if there is a fam-
ily history of primary ovarian insufficiency, developmen-
tal delay, autism, intention tremor, ataxia, or neuropathy.
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