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Can a Neurosteroid Ameliorate Fragile X-Associated
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Fragile X-associated tremor/ataxia syndrome (FXTAS) is a
progressive neurodegenerative disorder that affects approxi-
mately 45% of male and 16% of female carriers of a fragile X
mental retardation 1 (FMR1) gene premutation over the age of
50 years [1]. Premutations of 55 to 200 CGG repeats of the
FMR1 gene translate into increased FMR1mRNA, inducing a
toxic gain of function and/or translation of CGG repeats into a
polyglycine-containing protein, FMRpolyG [1, 2]. Notably,
almost all premutation carriers with neurological symptoms
present with FXTAS and/or have inclusions on autopsy [3].
Such pathology includes eosinophilic ubiquitin-positive
intranuclear inclusions, which contain FMR1 mRNA and
numerous proteins in neurons and astrocytes [4–6]. Defining
clinical features of FXTAS include progressive action tremor,
gait ataxia, impaired executive function and memory deficits,
peripheral neuropathy, and parkinsonism [1]. Associated
variable features include cognitive impairment and dementia;
psychiatric symptoms, such as depression; and dysautonomia
[7–9]. Radiologically, FXTAS is characterized by progressive
global brain atrophy and white matter disease of both the
cerebellum and cerebrum [10, 11]. Importantly, cerebellar
and brainstem atrophy and ventricular enlargement are detect-
able even before the onset of tremor or ataxia [12, 13].
Currently, no specific treatment for FXTAS can slow the pro-
gression of neurodegeneration, though symptomatic treat-
ments exist for some of the symptoms, such as tremor [14].
Only one previous controlled trial has been performed in

individuals with FXTAS, a memantine trial lasting 1 year,
but this treatment did not improve tremor, ataxia, or executive
function [15, 16].

The study in this issue of Neurotherapeutics byWang et al.
[17] assessed whether allopregnanolone, a neurosteroid that
promotes regeneration and repair, can improve clinical symp-
toms, brain activity, and magnetic resonance imaging (MRI)
measurements in patients with FXTAS. In this preliminary, 3-
month, open-label, uncontrolled trial, 6 men with FXTAS
underwent weekly intravenous infusions of allopregnanolone
(26 mg over 30 min) for 12 weeks. The Richmond Agitation
Sedation Scale was administered before, during, and after
each infusion. Plasma allopregnanolone levels were deter-
mined by liquid chromatography–tandem mass spectrometry
in 1 subject from blood samples drawn at intervals during and
after a 6-mg infusion from the opposite arm of that receiving
the intravenous infusion.

All patients completed baseline and follow-up clinical ex-
aminations and neuropsychological assessments. Functional
outcomes included quantitative measurements of tremor and
ataxia, as well as neuropsychological evaluations. In line with
recent recommendations in the fragile X field [18], a wide range
of neuropsychological, behavioral, neurophysiological, and
structural imaging studies were applied. For example, learning
and memory was measured via the California Verbal Learning
Test 2, whereas working memory was assessed using Wechsler
Memory Scale-IV. Measuring of brain activity consisted of
event-related potential (ERP) N400 word repetition effect dur-
ing a semantic memory processing task. Structural MRI out-
comes comprised volumes of the hippocampus, amygdala, and
fluid-attenuated inversion recovery hyperintensities, andmicro-
structural integrity of the corpus callosum. It is noteworthy that
before the treatment, the patients exhibited impairment in
executive function, verbal fluency and learning, and had pro-
gressive deterioration of all MRI measurements.
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This open-label study demonstrated that intravenous infu-
sion of allopregnanolone at doses up to 6 mg is well tolerated
and without apparent adverse effects in men with FXTAS. The
half-life of allopregnanolone following termination of the infu-
sion was approximately 35 min. By contrast, in a prior study,
subjects were dosed with 3 successive boluses without a flush
for 30 min following each of the boluses so that drug levels
were elevated over a more prolonged period of time, increasing
the likelihood that side effects would be perceived, and changes
in saccadic eye movements were also consistent with sedation.

In the present study, only 1 participant, the least affected
patient in this cohort, experienced subjective improvement
(improved balance and restored ability to walk down stairs,
and a resolution of symptoms of peripheral neuropathy, in-
cluding numbness and pain). The other five participants did
not experience improvement in their ataxia or balance symp-
toms, and none of the patients experienced improvement in
their tremor. These subjective experiences are validated by the
lack of significant improvement in relevant measures of trem-
or or balance. Nevertheless, following treatment, participants
demonstrated significant improvement in some cognitive do-
mains such as executive function, episodic memory, and
learning, the most affected domains in the 6 participants at
baseline and in prior studies of patients with FXTAS [19].
N400 repetition effect amplitude also increased with the treat-
ment in this study, and in the memantine trial [16].

Brain structures that are affected in FXTAS and could po-
tentially have shown effects of allopregnanolone were also
evaluated: the hippocampus, the site of adult neurogenesis
[20]; the amygdala, where neurosteroids exert anxiolytic ef-
fect [21, 22]; and the corpus callosum, where the white matter
structure severely damaged in FXTAS [23, 24]. Examination
of serial MRI scans acquired before the treatment consistently
confirmed progressive deterioration in all 3 structures across
all the data points. Namely, compared with controls, patients
exhibited acceleration of hippocampal atrophy, subcortical
hyperintensity expansion, and structural deterioration in the
corpus callosum before the treatment. After the treatment,
while none of the changes in MRI measurements reached
statistical significance as a group, likely owing to significant
interpatient variability, both improvement and deterioration in
MRI measurements occurred in individual patients post-
treatment in contrast to uniform deterioration prior to the treat-
ment. Overall, significant correlations between baseline MRI
measurements and changes in neuropsychological test scores
suggested the effects of allopregnanolone on improving exec-
utive function, learning, and memory for patients with rela-
tively preserved hippocampus and corpus callosum, while re-
ducing self-reported symptoms of anxiety for patients with
small hippocampi and amygdalae.

Similar to some extent to the memantine study [16], in this
study Wang et al. [17] found improvement of the N400 repe-
tition effect amplitude, thought to be an index of semantic

processing and verbal learning/memory [16, 25]. The ERP
assessments were conducted in 4 patients, all of whom dem-
onstrated improvements in the N400 repetition effect. This
result suggests that the N400 repetition effect, primarily orig-
inating from the temporal neocortex [26], is sensitive to mem-
ory changes in FXTAS [16, 25].

The study has a number of limitations. This preliminary
trial was conducted to obtain evidence of treatment benefits
in a small sample, and thus the study was not powered to
detect statistical significance while controlling for multiple
comparisons. The substantial amount of interpatient variabil-
ity is likely another contributing factor to the nonsignificant
results, given the small sample size. Since this was not a ran-
domized controlled study, the possibility that the aforemen-
tioned improvements were due to a placebo effect cannot be
ruled out, although the improvements seen in the ERP results,
neuropsychological testing, and MRI findings suggest that
allopregnanolone could have had a disease-modifying effect.
Despite all the statistical analyses provided in the study, it
should be noted that all analyses were based on a small sample
size as to provide preliminary evidence on the clinical efficacy
of allopregnanolone; thus, an extra level of caution is warrant-
ed in interpreting the results. The lack of a placebo group is an
additional study limitation.

In summary, this open-label trial by Wang et al. [17]
provides preliminary evidence that weekly infusions of
allopregnanolone in individuals with FXTAS may improve
deficits in executive function, learning, and memory. The
study did not, however, show evidence of a benefit for the
hallmark neurological symptoms of tremor and ataxia.
Subtle improvements on some MRI measurements were also
noted for some patients, suggesting that allopregnanolone
could be disease-modifying after only 12 weeks of treatment,
possibly through an effect on neurogenesis or via neuropro-
tection. These preliminary results of improved cognitive func-
tioning in patients with FXTAS, and partial alleviation of
some aspects of neurodegeneration, along with a good toler-
ance profile, suggest that controlled trials of allopregnanolone
over a longer treatment period are warranted.
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