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ABSTRACT: Understanding how best to treat aspects of Fragile X syndrome has the potential to improve the quality of life of
affected individuals. Such an effective therapy has, as yet, remained elusive. In this article, we ask those researching or affected by
Fragile X syndrome their views on the current state of research and from where they feel the most likely therapy may emerge.
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S ummer 2022 saw the hotly anticipated (in-person) return
of a well-known biennial conference and symposium that
focuses on Fragile X syndrome and autism research, in the
sunny Italian countryside. The last occasion that many of the
eminent researchers in this field had to meet face-to-face in
2018 was (to many) a distant cherished memory that had
spurred a new vigor in helping the lives of individuals with
Fragile X syndrome. This most recent meeting did not fail to
inspire both established researchers and a new cadre of early
career researchers. Indeed, the breadth of research being
undertaken to understand molecular, cellular, and circuit
mechanisms that lead to the range of difficulties experienced by
fragile X individuals is giving us greater insight than even
before as to how such features emerge during neuro-
development.

Fragile X syndrome is an X-linked condition that affects 1:
(4000—6000) people worldwide. It results from hyper-
methylation of the FMRI (Fragile X messenger ribonucleo-
protein 1) gene leading to function loss of the protein product
FMRP. Affected individuals often experience altered sensory
reactivity, autism, cognitive impairment, epilepsy, and atten-
tional issues; which can necessitate care and treatment
throughout life. The importance of basic research in identifying
novel targets for treatment, or refining previously identified
targets, should not be underplayed as we still have a great deal
to learn about how FMRP influences brain function.

Nevertheless, despite great effort in understanding the cell
biology of Fragile X syndrome, no therapy has yet been
licensed. This is despite notable clinical trials, including
arbaclofen (STX-209), a GABAg receptor agonist;' fenobam,
mavoglurant, or basimglurant, mGIuRS negative allosteric
modulators;”™* metformin, an AMPK modulator;” and many
others such as acamprosate, lovastatin, minocycline, metadox-
ine, trofinetide. While several of these compounds have shown
promise, the reasons for the failure of clinical trials are
complex.’ Beyond pharmacology, there have been attempts to
develop gene therapies to re-express FMRP, which are still at
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preclinical stage.” To ascertain the current state of research and
thoughts on future therapeutic strategies, Sam A. Booker posed
the following question to leading Fragile X syndrome
researchers and relatives of affected individuals:

“Many therapies for Fragile X syndrome have shown great
promise in the laboratory but have not made it to the clinic.
What do you think are the current promising therapeutic
approaches, and where do you think the next advance will
come from?”

B GHASSAN ALUSI, BARTS NHS TRUST LONDON
AND FRAGILE X FAMILY MEMBER, U.K.

I have always maintained that the scientists who are
investigating Fragile X syndrome should remain objective,
follow rigorous scientific guidelines, and follow the trodden
path of preclinical to clinical therapeutics development. The
heartbreak of the failure of the arbaclofen clinical trial was
particularly difficult for the community of Fragile X families
who put their hopes on this trial. Was the preclinical work on
rodents and other animals valid? Yes it was. Were the outcome
measures specified adequate or the duration of therapy long
enough to see an effect? These are questions that remain
unanswered so many years on from the trial.

Malaria vaccine development has taken 35 years from the
day the antigen was discovered to reach the clinic. Millions of
lives were lost in the meantime. The obvious comparison to
the rapid development of the COVID vaccine will frustratingly
fall on deaf ears and quickly overlooked.

Whether the best therapeutic approach is gene therapy or
targeted molecule development is best is not the point. The
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speed of progress in getting therapies to the clinic for Fragile X
syndrome is painfully slow for us as parents, especially when a
COVID vaccine was injected into individuals within a year of
the start of the outbreak.

Knowing what the scientific and regulatory communities can
do in such a short period of time has changed my mind. Let us
have more emotional involvement. Let us relax regulatory
restrictions, and let us accelerate treatment development. I
understand the caution of big pharma when it comes to
pediatric therapies especially after previous failures, but I speak
for most of the parents of Fragile X syndrome: we are
desperate for treatments. These kids deserve a chance at
reaching their potential in life.

B ELIZABETH BERRY-KRAVIS, RUSH UNIVERSITY
MEDICAL CENTER, U.S.

I think there is a strong confluence of data building in
preclinical studies for phosphodiesterase inhibitors that work
on the reduced cyclic AMP production seen in animal models
and people with FXS, as well as preclinical evidence that agents
acting on ion channels regulated by FMRP may provide good
therapeutic benefit. There is also early clinical evidence of a
benefit for a phosphodiesterase 4D inhibitor that acts mainly in
the brain. These categories of molecules offer great promise,
particularly with the improved trials designs and outcome
measures that have been developed over the past 5—10 years
for FXS, spurred by the early “failed” trials that may not have
shown benefit because of problems with outcome measure-
ment and design.

More long-term advances will be combining agents that
work on FMRP mechanisms to give additive therapeutic
benefit, and use of gene therapy and other genetic strategies,
which are in development, to allow production of FMRP in
brain and correct the primary defect in FXS. Combinations of
genetic and pharmacologic strategies targeted to the under-
lying disease will likely provide the approach to achieve the
most benefit in terms of improvement in the underlying
disease in FXS.

Bl DAVID NELSON, BAYLOR COLLEGE OF MEDICINE,
U.s.

The field has made significant progress understanding the
many roles of FMRI and the consequences of its absence.
Unfortunately, because FMRI interacts with so many target
mRNA:s, it helps regulate many pathways. Modulating one or a
few of these has had beneficial effects in model systems, but
translation to humans has not shown similar levels of efficacy.
Drugs meant to alter pathways, such as those altering
translation of proteins in response to synaptic signals, have
worked well in mice and rats; clinical trials have not shown
benefit in people. Some drugs remain in the clinical testing
pipeline and have shown promise. An example is BPN14770,
Tetra Therapeutics PDE4D inhibitor that targets specific
components of the signal transduction pathway leading to
FMRI control of mRNA translation. It has shown early
success, and larger clinical trials are underway. Another
approach has been to recognize the imbalance of excitatory/
inhibitory inputs to neurons and to stimulate inhibition with
GABA-agonists to help normalize the overstimulation found in
Fragile X patients and models. One such drug, arbaclofen, has
shown some efficacy in a subset of Fragile X individuals in a
large clinical trial. Repetition of this result may help define the

characteristics of those who show benefit. Finally, gene
replacement therapy may provide the best approach for
providing an effective therapeutic strategy. Replacing FMRI at
normal levels and in the appropriate cells can restore functions
of all the pathways it touches, eliminating the need to find
drugs to alter each. It is a huge challenge but a worthwhile one.
While there may be developmental functions that cannot be
replaced in older individuals, based on studies in models, it is
likely that restoration of FMRI to normal levels will improve
many features of the disorder. Recent advances in gene
replacement methods have given new enthusiasm for treatment
in Fragile X and many other genetic disorders.

B LAUREN L. OREFICE, MASSACHUSETTS GENERAL
HOSPITAL, U.S.

Our work has focused on understanding somatosensory
abnormalities in Fragile X syndrome and autism spectrum
disorder (ASD). In our studies, we found that loss of different
ASD-associated genes, only in peripheral sensory neurons, is
sufficient to cause touch hypersensitivity in mice.” We deleted
these ASD-associated genes in peripheral sensory neurons
while keeping them intact in the rest of the body and the rest
of the nervous system. Surprisingly, this deletion only in the
peripheral somatosensory neurons led to major tactile over-
reactivity that recapitulated the over-reactivity observed when
ASD-associated genes were deleted throughout the nervous
system. We also found that touch hypersensitivity, due to
dysfunction of peripheral sensory neurons, causes abnormal-
ities in region-specific brain development and leads to
increased anxiety-like behaviors and social impairments in
several mouse models for autism. This has led us to develop a
model in which autism-associated gene mutations disrupt the
function of peripheral sensory neurons, which leads to altered
and elevated sensory inputs coming into the central nervous
system that can result in sensory over-reactivity and related
behavioral changes such as altered social behaviors.

These findings have inspired an idea for novel ways to treat
sensory issues in individuals with Fragile X syndrome and
ASD. Our studies are aimed at producing peripherally
restricted compounds that target peripheral sensory neuron
excitability as a tractable and simple therapeutic approach. We
have shown that these approaches can reduce touch hyper-
sensitivity, and related phenotypes in mice including anxiety-
like behaviors and social impairments. Importantly, these
therapeutic approaches target the peripheral nervous system
and do not need to cross the blood—brain barrier, which limits
potential side effects. We are excited about this method, as
peripheral sensory neurons are highly accessible and
modulating peripheral sensory neuron excitability is a simpler
approach than targeting precise neural signaling pathways in
specific brain regions. This method using peripherally
restricted compounds is also likely to have far fewer side
effects than brain penetrating drugs, which is a critical issue if
we want to consider treating children with sensory over-
reactivity issues.

B CONCLUDING REMARKS

In response to the question posed, all responders confirmed
the unmet therapeutic need of individuals with Fragile X
syndrome. While there is still much to learn about the role of
FMRP in individuals and model systems, there is great
motivation from researchers and families to work together for
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the benefit of affected individuals. While gene therapy for
Fragile X syndrome is still in its infancy, recent successes in
other single gene conditions (such as spinal muscular atrophy)
are setting the ground rules for how such therapies may be
employed and what hurdles they need to overcome.

One promising candidate treatment discussed by responders
has recently shown safety and efficacy in Fragile X individuals,
BPN-14,770 (a phosphodiesterase 4D inhibitor),” which is yet
to enter phase 3 trials but improved several aspects of life
including language and daily functioning in adults during phase
2 trials. Defining how this drug or other compounds previously
in clinical trials improve quality of life for individuals over
development into adulthood is a priority that has the potential
to produce rapid benefits. How these treatments and future
approaches unfold over the two years before the next meeting
will be hugely important to all.
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