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Abstract: The fragile X premutation is characterized by 55-200 CGG repeats in the 5’
untranslated region of FMRI, whereas full fragile X mutation has greater than 200 repeats
and full methylation, which manifests as fragile X syndrome (FXS). The premutation
spectrum of clinical involvement includes fragile X-associated tremor/ataxia syndrome
(FXTAS), fragile X-associated primary ovarian insufficiency (FXPOI), and fragile
X-associated neuropsychiatric disorders (FXAND). In addition, premutation carriers also
suffer from various other health problems such as endocrine abnormalities and autoimmune
problems. In this paper, we have discussed different health issues faced by the carriers and
interventions including medications, therapy and lifestyle changes that could improve their
health.
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Introduction

Fragile X premutation (PM) carriers have 55-200 CGG repeats in the 5’ untrans-
lated region of the fragile-X mental retardation 1 (FMRI) gene. The premutation
occurs in approximately 1 in 130-250 women and 1 in 250-800 men in the general
population.' > A woman with the premutation has a high risk of passing on a full
mutation (>200 repeats) to her children and the full mutation causes fragile
X syndrome (FXS), the most common inherited cause of intellectual disabilities
(ID) and autism. Although most individuals with the premutation do not have ID,
they can have a variety of health problems associated with RNA toxicity because
there are enhanced levels of FMRI mRNA in premutation carriers. The higher the
CGG repeat number, the higher the level of mRNA.* The elevated mRNA levels
lead to calcium dysregulation, mitochondrial dysfunction, sequestration of proteins
important for neuronal function, oxidative stress, and enhanced neuronal cell
death.” The three most researched clinical disorders associated with premutation
are fragile X-associated tremor/ataxia syndrome (FXTAS), fragile X-associated
primary ovarian insufficiency (FXPOI), and fragile X-associated neuropsychiatric
disorders (FXAND). Recently, the term Fragile X Premutation-associated
Conditions (FXPAC) has been proposed by the European Fragile X Network
(EFXN) to include all the problems related to fragile X premutation.® Additional
medical conditions associated with the premutation include connective tissue pro-
blems, endocrine dysfunction particularly thyroid problems, immune mediated

disorders such as fibromyalgia, multiple sclerosis, autoimmune thyroid disease,
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and other health problems including hypertension,

migraine, restless legs syndrome, insomnia and sleep
apnea.™’

The major cause behind the clinical signs and symp-
toms seen in the premutation carriers is elevated mRNA
and at the upper end of the premutation (>120 CGG
repeats), the level of the FMRI protein (FMRP) can be
reduced significantly.® Though FMRP is present in all our
cells, it is most abundant in the brain. On the molecular
level, FMRP binds with transcripts and exerts its various
effects by regulating RNA synthesis, mRNA transport, and
mRNA translation for hundreds of genes and by binding
with certain proteins such as ion channels to control their
function. A better understanding of this protein and its
downstream effects when deficient would help us in creat-
ing advanced and targeted treatment options for both those
with FXS and in carriers.’

Although there is no cure for premutation disorders
there are treatments that can help to alleviate many of
the symptoms and lifestyle changes that can help to
avoid some of the long term problems. This paper is an
update on various therapeutic approaches used in the treat-
ment of premutation disorders.

FXAND, FXPOI and FXTAS:

Clinical Background
FXAND is an umbrella term used to cover various neu-
ropsychiatric problems experienced by the premutation

carriers.'*!!

The psychiatric problems covered under
FXAND include anxiety, depression, attention deficit
hyperactivity disorder (ADHD), substance abuse, chronic
fatigue, chronic pain, sleep problems, and behavioral

10712 The two frequently encoun-

changes, among others.
tered psychiatric disorders in the premutation carriers are
depression and anxiety. The structured clinical interview
for diagnosis (SCID) using Diagnostic and Statistical
Manual of Mental Disorders, fourth edition, text revision
(DSM-IV-TR) criteria showed significantly higher life-
time risk of mood and anxiety disorders in the fragile
X premutation carriers as compared to the general
population.'? Seritan et al and others have found that the
psychiatric problems in carriers start much earlier than the
neurological problems associated with FXTAS.'
Cordeiro et al have found that 70.6% of children, adoles-
cents, and young adults with the premutation demon-
strated at least one anxiety disorder compared to 22.6%
of controls and 8% in the general population.'”> Both

depression and anxiety can increase with age in women
with the premutation and there is a curvilinear association
with the CGG repeat number and those with 70 to 100
repeats are at greatest risk for these psychiatric
problems.'®!'” Once an individual develops FXTAS, psy-
chiatric problems progress faster in women compared to
men although the motor problems progress faster in men
compared to women.'®

FXAND also includes ADHD which is common in
premutation males in childhood and the attention problems
can persist into adulthood and become worse when execu-
tive function problems develop with aging.'® ' Even aut-
ism spectrum disorder (ASD) can be seen in about 15% of
premutation boys.'® Recent studies have documented the
broad autism phenotype (BAP) in approximately 50% of
women with the premutation.”? Some of the BAP features
include pragmatic language deficits, obsessive compulsive
features and dysregulation in coordinating language flu-
ency and eye movement patterns during rapid naming
tasks demonstrating deficits in executive function that are
subclinical >*~°

FXPOI first discovered in 1991, is the most common
genetic causes of ovarian dysfunction in women and
develops in approximately 20% of the premutation
carriers.”*?® The two main criteria taken into considera-
tion when making diagnosis of FXPOI are irregular or
absent menstruation before age 40 and menopausal levels
of Follicular Stimulating Hormone (FSH). The clinical
onset of FXPOI depends on the number of CGG repeats
and is maximum when the CGG repeats are in the mid-
range (80—100 repeats). The important point to note here is
that on occasion women with FXPOI are sometimes able
to conceive.?’*° Before the onset of FXPOI, eggs can be
retrieved and In vitro fertilization (IVF) can be utilized to
identify normal embryos that can then be implanted,
thereby avoiding a fetus with FXS.

Fragile X-associated tremor/ataxia syndrome (FXTAS)
is one of the premutation disorders with a wide spectrum
of clinical features grouped into major and minor criteria
for making the diagnosis. The four major diagnostic cri-
teria include intention tremor, cerebellar ataxia, white
matter hyperintensities seen on MRI in the middle cere-
bellar peduncles (MCP), and intranuclear inclusions in
central nervous system (CNS) seen in postmortem
3132 The

Parkinsonism, peripheral neuropathy, executive function

studies. minor diagnostic criteria include

and memory deficits in addition to white matter
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hyperintensities in the splenium of the corpus callosum

and brain atrophy.>!*3

Interventions

The treatment of premutation conditions is challenging not
only because of the multiple coexisting problems within
the same individual but also because of its hereditary
nature and the lack of a cure for many of these premuta-
tion problems. Therefore, a holistic approach is required
when formulating a management plan for the carriers and
the goal should be to identify and treat all the psychologi-
cal, medical and behavioral issues faced by the carriers. In
this section, we will enumerate the existing effective treat-
ment options under three categories namely psychophar-
macological, medical and behavioral interventions.

Psychopharmacological and Medical

Interventions
The combination of pharmacotherapy and psychotherapy is
an effective approach to manage depression and anxiety
problems seen in patients with FXAND and selective sero-
tonin reuptake inhibitors (SSRIs) and serotonin and norepi-
nephrine reuptake inhibitors (SNRIs) are the first line
treatment options in pharmacotherapy.''** Some of the
SSRIs routinely used are sertraline, fluvoxamine, paroxetine,
escitalopram and fluoxetine. Escitalopram and sertraline
have a better side effect profile and fewer drug interactions
due to minimal inhibitory action on cytochrome P450
(CYP450) enzyme system and hence often become drugs
of choice in patients using multiple medications.>> However,
if pain symptoms are a component of FXAND then use of an
SNRI initially, such as duloxetine or venlafaxine is recom-
mended to treat both the pain and the depression/anxiety.*®
The SNRIs may also be more helpful when ADHD is
a component of FXAND in adulthood. The treatment of
psychiatric problems should also include psychotherapy.’
In childhood the combination of counseling and med-
ication to treat ADHD is essential. In childhood the drugs
of choice for ADHD are stimulants, specifically methyl-
phenidate or dexamphetamine, although typically they are
not used until Syo or older since irritability may occur at
younger ages. If stimulants are not tolerated, non-
stimulants such as atomoxetine or alpha 2 adrenergic ago-
nists (clonidine, guanfacine) or even modafinil can be
helpful.’® Guanfacine has a calming effect which can be
particularly helpful for those children who are overstimu-
lated by environmental stimuli especially in childhood. It

can also be used in children who are younger than Syo for
their hyperactivity or hyperarousal since stimulants are
typically not used under 5 years old.*”

Women who are identified as carriers should be
screened early for FXPOI and should be treated appropri-
ately once diagnosed. Hormone replacement therapy par-
ticularly estrogen replacement treatments have shown
beneficial  effects in regards to  menopausal
symptoms.”’** Additionally, estrogen helps in attenuating
symptoms of osteoporosis in women with FXPOI.*® The
ideal route of administration of estrogen is transdermal or
transvaginal as the risk of thromboembolism and cardio-
vascular problems is less when estrogen is given via these
routes as compared to when estrogen is given by the oral
route.*! After a diagnosis of FXPOI sometimes pregnancy
can occur and this is why the disorder originally named
Fragile X-associated ovarian failure was renamed
FXPOL?’ Moreover, women carriers often have co-
occurring problems such as anxiety, hypothyroidism,
migraine among others that also need proper evaluation
and treatment.*?

For FXTAS, we can categorize the drugs used in its
treatment into four broad groups: drugs for movement
disorders (tremor and ataxia), drugs for cognitive dysfunc-
tion, drugs for psychiatric issues and drugs for neuropathic
pain. Medications used for tremor are propranolol or other
beta blockers, primidone, topiramate, gabapentin and med-
ications used for ataxia are riluzole, amantadine, buspir-
one, varenicline, Sinemet.*** If parkinsonian symptoms
such as resting tremor, masked facies or shuffling gait are
seen in patients in FXTAS then medication used for
Parkinson’s disease, such as Sinemet, are often helpful.
For cognitive dysfunction or memory problems medica-
tions used for mild cognitive impairment (MCI) or demen-
tia include donepezil, rivastigmine, galantamine, and
memantine. The only medication that has been studied in
a controlled trial in FXTAS for cognitive changes is mem-
antine, an N-methyl-d-aspartate (NMDA) receptor antago-
nist, and the trial lasted for a year.** Although memantine
was not helpful for tremor or ataxia, it was helpful for
auditory processing, attention and memory as assessed by
event related potential (ERP) studies in this controlled
trial.*>*® Therefore, memantine is often used in indivi-
duals with the premutation and FXTAS who are experien-
cing cognitive problems.

For neuropathic pain we can use gabapentin, pregaba-
lin, topical cannabidiol (CBD) or Lidocaine patches.**”**
Allopregnanolone, a neurosteroid that is a byproduct of
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progesterone, and a potent GABA, receptor allosteric
modulator, has possible neurogenesis potential and neuro-

carriers.*’

protective effects in premutation
Allopregnanolone has been studied in an open label
study in 6 patients with FXTAS who received this medica-
tion IV once a week for 3 months.*’ In one patient the
neuropathy symptoms disappeared and in the group there
were significant improvements in ERP studies, executive
function deficits and episodic memory, however the tremor
and ataxia did not significantly improve.** The develop-
ment of an oral allopregnanolone preparation will allow
further treatment studies in those with FXTAS.

For the psychiatric problems in FXTAS the use of
SSRIs are recommended as noted above.’ According to
one open labeled clinical trial, citicoline is a fairly new
drug that has shown promising effects in patients with
FXTAS and is relatively safe and is well tolerated. In
this trial 1000mg of citicoline was administered as an
open label study to ten patients for a year and various
parameters were measured at 3, 6 and 12 month intervals.
Patients either showed no deterioration or showed signifi-
cant improvement on various motor as well as cognitive

scales.™®

Behavioral Interventions
Behavioral interventions are used as adjunctive therapies
that are tailored to meet the needs of the affected premuta-
tion carrier. Cognitive behavioral therapy (CBT) is one of
the most effective behavioral therapies used for depression
and anxiety disorders. The different components of CBT
are cognitive therapy, behavioral therapy and third wave of
CBT which covers mindfulness, acceptance and dialectical
behavioral therapy.’’ According to one meta-analysis,
CBT is effective when given in one on one sessions by
a non-physician to the patients with depression and anxiety
issues, although not studied in FXTAS.’*> Additionally,
CBT helps in improving the core symptoms of ADHD in
adults and is also used for substance abuse, chronic pain
and insomnia.’">® However, this therapy has not been
studied in a controlled trial in those with FXTAS.
Biofeedback and neurofeedback techniques are operant
conditioning treatments having various applications
including treatment of anxiety, depression, ADHD, and
substance abuse among others.*>* The difference between
the two is that biofeedback does not involve the training of
the brain whereas neurofeedback does.’*>> Biofeedback
and neurofeedback measure brain activity, heart rate,

respiratory rate and skin temperature with the help of

sensors through human-computer interaction.>®’ These
techniques aim at increasing the consciousness of an indi-
vidual for various physiological parameters and result in
improved health outcomes by allowing the individual to
reinforce the positive experiences. According to one pilot
study, Respiratory Sinus Arrhythmia (RSA) biofeedback
portable device was helpful in curbing the symptoms
related to anxiety disorders, but it has not been studied in

those with FXTAS nor in any premutation carriers.’®

RNA Toxicity

Studies have shown that premutation neurons demonstrate
oxidative stress and they die more easily in culture pre-
sumably because of the RNA toxicity that binds proteins
important for neuronal function, and there is calcium dys-
regulation and mitochondrial dysfunction with the produc-
tion of reactive oxygen species (ROS).>* ¢! Cao et al
demonstrated that the abnormal spikes in premutation
neurons in culture improved with allopregnanolone treat-
ment used in the culture which stimulated the allopregna-
nolone study in those with FXTAS mentioned above.®*%?

Causes of premutation toxicity include repeat asso-
ciated non AUG (RAN) translation that occurs in some
premutation carriers leading to the production of
FMRpolyG, a protein that is toxic to cells.®* Other pro-
blems associated with the premutation include altered zinc
and iron homeostasis and enhanced iron deposition in the
brain of carriers.®> °® The addition of the iron chelator
deferoxamine mesylate to fibroblasts from older FXTAS
carriers showed a significant improvement of complex IV
activity in the mitochondria.®® Many papers have docu-
mented mitochondrial abnormalities and oxidative stress in
the fibroblasts or blood of premutation carriers even before
the onset of FXTAS.%>°%° Song et al have studied the use
of a variety of antioxidants such as trolox (vitamin
E analogue), quercetin, epigallocatechin gallate (EGCQG),
dimethyl sulfoxide, a superoxide or hydroxyl radical sca-
venger, a glutathione peroxidase analog (acetyl-L-cysteine
(NACQ)), L ascorbic acid, and found a variable benefit in 31
premutation fibroblast lines, 8 of which came from
patients with FXTAS. Song et al also found a significant
negative effect of ethanol on mitochondrial function in
these fibroblast lines.®® There are also several reports of
environmental toxins that accelerate FXTAS symptoms or
clinical deterioration and these include the isofloranes in
general anesthesia, illicit drugs such as cocaine, metham-
phetamines, methadone, or opioids, chemotherapy and
environmental toxins.”>”’* Smoking can also worsen
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oxidative stress and has been shown to lower the age of
onset of FXPOI in women.”> Whenever possible general
anesthesia must be avoided and if needed in emergencies,
the safest option, such as propofol, should be used, as
general anesthetic agents can cause decline in cognitive
function in FXTAS.”®

Opioids are a particular problem in those with FXTAS
because pain symptoms are common, and if opioids are
used for pain, patients often become addicted and subse-
quently white matter microstructure can become disrupted
in opiate addiction.”” One case report of opioid overdose
has been reported in a woman with FXTAS who almost
died.”® Kogan et al and Dorn et al found increased rates of
excessive alcohol use in premutation males, perhaps as
a treatment for the depression/ anxiety that is increased
in carriers.”*%° However, excessive alcohol can exacerbate
white matter disease and escalate FXTAS progression both
at a cellular level®® and in patients with FXTAS.”
Alcoholism likely contributed to the development of
FXTAS in a 65 year old man with an unmethylated full
mutation.®’ In addition, a 36 year old male with the pre-
mutation and both alcohol and methamphetamine addic-
tion developed FXTAS in his early 30s and his autopsy
after death demonstrated the inclusions of FXTAS so this
is the youngest patient known with FXTAS.*?

Lifestyle Modifications
Because of the case studies that have shown early onset or
deterioration in neurological symptoms with exposure to
excessive alcohol or general anesthesia or environmental
toxins mentioned above we recommend that carriers avoid
environmental toxins and avoid excessive alcohol
intake.®*® For many patients this means a significant
change in their lifestyle particularly in those who have
had daily drinking. Lifestyle modifications in premutation
carriers involve alteration of long-term habits. For
instance, increasing exercise is difficult for many but it is
helpful for mitochondrial function, it reduces inflamma-
tion, it stimulates neurogenesis and it strengthens muscles
and all of these effects are important for those with
FXTAS.? Patients should also be advised to avoid specific
toxins and increase consumption of antioxidants that have
the potential for improving oxidative stress and ROS,
which will hopefully slow the progression of FXTAS.?
Other toxins that can accelerate neurodegenerative pro-
cess in premutation carriers and hence should be avoided

are smoking, alcohol and marijuana.’** Smoking also

decreases the reproductive lifespan in both female carriers
as well as female non-carriers.””

Physical Activity and Mindfulness
Meditation

Exercise is one of the most effective non-pharmacological
methods that promote neurogenesis and is beneficial in
premutation individuals.®> Exercise programs can be devel-
oped according to the needs and capacities of an indivi-
dual. There are many studies that confirm the benefits of
the exercise in older adults. Exercise uplifts mood and
improves cognitive functioning in individuals with mild
cognitive impairment or dementia.”*®* Exercise also
enhances neuroplasticity and improves spatial learning
and memory Dby altering excitatory  synaptic
connections.®® Exercise also lowers inflammation and
this also may be helpful for patients with FXTAS.
Mindfulness based reduction (MSBR) is

a unique eight-week program that integrates various meth-

stress

ods such as mindfulness meditation, yoga and several
other techniques for relaxation. It helps people to cope
with depression, anxiety, stress and chronic pain.®’ Tt
could also be used for substance abuse and is basically
a non-judgmental approach to accept one’s psyche to reg-
ulate emotions, thoughts and behavior.®®

MSBR is as effective as CBT in the treatment of
chronic low back pain and also a cost effective option
for the treatment of chronic low back pain.*>**° In addition,
MSBR with or without app based technology has shown to
alleviate stress that is common in the mothers of children
with FXS.”!

Oxidative Stress and Antioxidants
Premutation carriers may be more vulnerable to oxidative
stress due to abnormal mitochondrial function.
Dysfunctional mitochondria particularly in FXTAS in
both the central nervous system (CNS) and non-CNS
tissues could lead to decreased adenosine 5S-triphosphate
(ATP) production and ultimately affects oxidative phos-
phorylation (OXPHOS) capacity of the cells. The brain is
the most affected organ as the brain cells are highly
dependent on OXPHOS for energy production.®
Antioxidants are the substances that reduce oxidative
stress by inhibiting production of free radicals. Polussa et al
have briefly described some of the antioxidants such as
vitamin E, vitamin B9, melatonin, coenzyme Q10, ginseng,

omega 3s, epigallocatechin-3-gallate (EGCG), anthocyanins,
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N-acetyl-L cysteine (NAC) and their role in reversing oxida-
tive stress in premutation carriers.” Furthermore, curcumin
and sulforaphane are also useful antioxidant supplements
that could be used in neurodegenerative diseases.”” >
Recently, Napoli et al have studied sulforaphane in fibroblast
cultures from those with FXTAS and documented that sul-
foraphane improved oxidative stress and mitochondrial dys-
function by turning on the Nf2 cellular antioxidant system.”*
Currently an open labeled study of sulforaphane’s effect on
molecular biomarkers is being carried out in 15 individuals
with FXTAS.

Farnesol has been shown to ameliorate oxidative stress
in animal models with Parkinson’s disease (PD).”
Farnesol, usually used to flavor food and make perfume,
has recently been shown to reverse symptoms of
Parkinson’s disease which is a promising discovery.”” It
prevents the death of dopaminergic neurons in the brain by
deactivating parkin-interacting substrate (PARIS) which is
implicated as one of the factors in causing the disease.”
Additionally, alteration of gut microbiota has proven to
alleviate oxidative damage in the brain signifying the
importance of consumption of probiotics.”®"’

Alpha-tocopherol, vitamin E, possesses antioxidant as
well as anti-inflammatory properties.”® Grundman et al
have found that it prevents beta amyloid induced damage
of neurons in Alzheimer's disease and improves dementia
in animal models.”® Crouzin et al have found that alpha
tocopherol treated cultured hippocampus neurons have
exhibited more resistance to oxidative damage.'” Thus,
vitamin E could be used in premutation carriers due to the
above-mentioned benefits.

Folic acid, vitamin B9, given in a dose of 10mg
per day was shown to improve behaviors in males with
FXS.'""! Folic acid has a key role in prevention of
Alzheimer disease and it also reduces brain atrophy in
elderly.®'%® Hence, folic acid is often prescribed along
with vitamin B12 to older premutation individuals,
because of their neuroprotective benefits.>®

Melatonin combats oxidative stress by selectively attain-
ing its highest concentration in mitochondria (Mitochondria
targeted antioxidants) and this property gives melatonin an
upper hand in scavenging reactive oxygen species (ROS)
effectively as compared to the conventional antioxidants.'®
Melatonin has many applications including its use for sleep
disorders, nocturnal hypertension, Parkinson’s disease and
Alzheimer disease, although controlled trials are needed to
document benefits in carriers.'® During ovulation there is a
surge in ROS which is required for oocyte maturation and

rupture of the follicle but excessive ROS can lead to ovarian
dysfunction and infertility problems hence a good antioxi-
dant is important to keep this oxidative stress under check.
Melatonin is one such antioxidant that effectively works on
ROS in the ovaries through unknown mechanisms and hence
reduces ovarian aging. Melatonin also improves outcomes of
in-vitro fertilization in women with infertility problems prob-
ably by improving the quality of oocytes.'®

Coenzyme Q 10 (CoQ10), a part of the mitochondrial
transport chain, is another antioxidant that is consumed
widely as a dietary supplement.'®®'°” The cellular level
defects seen in Alzheimer and Parkinson’s disease have
been attributed to the deficiency of this enzyme.'*®
Mitoquinone (Mito Q) another powerful antioxidant
made my combining endogenous CoQ10 and lipophilic
triphenyl phosphonium cation (TPP) also attains a high
concentration in mitochondria like melatonin and thereby
prevents local oxidative damage.'**"'*

Curcumin found in turmeric has antioxidant, anti-
inflammatory and neuroprotective benefits. According to one
clinical trial, it has been shown to reduce amyloid and tau
deposition in brain, signifying its positive impact on mood and
memory.''® Curcumin’s interaction with the gut microbiota
increases good bacteria and reduces pathologic bacteria.'"'

Asian or Korean ginseng is famous by the name panax
ginseng and is an effective antioxidant. Other than antiox-
idant properties it also demonstrates anti-inflammatory prop-
erties and can benefit brain function.''? Omega 3s especially
marine omega 3 has shown promising results in improving
psychiatric health and its deficiency has been reported in
various disorders such as ADHD, depression and autism.'"?

EGCG, a major component of green tea, has antiox-
idant, anti-inflammatory, anti-cancer and anti-fibrosis
effects.!'*!'> EGCG also has neuroprotective properties
and can be beneficial in Alzheimer's disease and other
neurodegenerative diseases.''® Anthocyanins are a group
of antioxidants that are commonly obtained from plant
sources such as grapes, blueberries and cabbage.''’
Anthocyanins might also help in reducing weight and
tackling obesity issues.''®

N-acetyl-1-cysteine, an antioxidant with neuroprotec-
tive and anti-inflammatory properties, has shown promis-
ing results in older rats and could have potential
implications in preventing neurological problems in the
geriatric population.'” It also increases the levels of glu-
tathione (GSH) in brain cells, which is a part of an endo-

genous antioxidant enzyme system.>'"”
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To date no consolidated data about the beneficial effects of
these antioxidants in premutation carriers has been elicited.
The only antioxidant that has been studied in premutation
tissues is sulforaphane as noted above.”* Metformin is an
antioxidant that is also used as a targeted treatment in those
with FXS because it lowers the mTOR pathway that is upre-
gulated when FMRP is lowered.'**'? It is primarily used as
a treatment for type 2 diabetes and it can also help to decrease
the appetite and treat obesity which is beneficial for many
patients with FXS and obesity.'*> Some premutation carriers
with obesity or type 2 diabetes have found this medication
helpful but the antioxidant effects and the protection against
cancer may also be helpful for premutation carriers particu-
larly those with lowered levels of FMRP.'*! Controlled trials
are needed in selected premutation carriers who may benefit
from metformin.

Future Studies

Currently CBD is used at times to treat pain symptoms in those
with the premutation but it is also an antioxidant and it is
known to reduce inflammation and also have neuroprotective
properties.'**'** CBD has been helpful in treatment of
patients with FXS in an open label study and most recently
in a controlled trial for those that are fully methylated with

a full mutation'®

(Berry-Kravis et al under review). It is
known to improve anxiety and other types of psychopathology
in the general population but it needs to be studied in premuta-
tion carriers with FXAND and perhaps for pain in those with
FXTAS."?® A recently developed oral allopregnanolone pre-
paration is likely to be helpful in those with FXTAS because of
the benefits seen in the IV allopregnanolone study of patients
with FXTAS.* Therefore, a controlled trial of this newly
developed treatment which improves mitochondrial function
in FXTAS is warranted.

Another new treatment which is pending FDA approval
for research in FXTAS is Anavex 2—73, a sigma 1 agonist that
works in the endoplasmic reticulum and mitochondrial inter-
face. It can reduce oxidative stress, alleviate calcium dysregu-
lation in neurons and improve mitochondrial function which is
greatly needed in FXTAS and in other disorders.'?”'?®
Anavex 2-73 also helps other cellular dysfunctions including
proteostasis, autophagy and neuroinflammation that are pre-
sent in neurodegenerative and neurodevelopmental
disorders."**"*° It has been efficacious in animal models and
human studies in Rett syndrome (unpublished), studies in
Alzheimer Disease, in Parkinson's Disease Dementia (unpub-
lished) and most recently in rescuing hyperactivity and other

behaviors in the KO FXS mouse."?”3"132 Soon controlled

trials of Anavex 2—73 will be studied in those with FXTAS. In
the future gene therapy will deliver treatments using CRISPR/
Cas 9 modified genes or perhaps a silencing mechanism to
turn off the excessive mRNA leading to toxicity, but animal
studies must be carried out before human trials.

Summary

An effective management plan required for improving the
health of the premutation patients must follow a holistic
approach including a thorough screening of psychiatric
problems as documented in FXAND. Patients should be
educated about various existing medical treatment
options in addition to various behavioral interventions
such as CBT and numerous biofeedback techniques.
Moreover, patients should also be made aware of the
importance of physical activity, meditation techniques
and the beneficial effects of various antioxidants in slow-
ing the progression of premutation disorders. Careful
family history may help carriers understand the diseases
that run in the family. When there is a strong family
history of FXTAS or FXPOI then the chances that these
problems will eventually occur in other carriers in the
family are high. The education of all family members
regarding the molecular effects of the premutation, the
importance of the CGG repeat number and the influence
of AGG interruptions and background genetic effects
should be carried out so that lifestyle decisions can be
made early in adult life.
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