Overview

Fragile X is a group of conditions associated with changes in the Fragile X gene - called FMR1 and located on the
X chromosome. The FMR1 gene can undergo changes, when inherited, which affects a pattern of DNA called CGG
repeats. Typically, the FMR1 gene has up to 54 CGG repeats, though the range between 45 - 54 repeats, is called
the intermediate or gray zone. A premutation carrier has 55-200 CGG repeats, and someone with a full mutation
has more than 200 CGG repeats.

When a premutation or full mutation is present, it can result in a Fragile X-associated Disorder (FXD). These include:

e Fragile X syndrome (FXS): A condition affecting intellectual, behavioral, and social development. It occurs in both
males and females who have a full mutation of the FMR1 gene.

» Fragile X-associated tremor/ataxia syndrome (FXTAS): An adult onset (over 50 years of age) neurological condition,
seen in males and females, but more common and more severe in some male premutation carriers. It can cause
tremors, memory, and balance issues.

* Fragile X-associated primary ovarian insufficiency (FXPOI): A condition affecting ovarian function that can lead to
infertility and early menopause in some female premutation carriers.

* Otherissues may be present in premutation carriers, and this is an ongoing area of study for researchers.

General

Fragile X-associated tremor/ataxia syndrome (FXTAS) is a neurodegenerative disorder that was discovered in 2001

after clinicians noted a pattern of neurological symptoms present in older (primarily male) grandparents and parents

of persons with fragile X syndrome (FXS).

*  FXTAS s caused by a trinucleotide CGG repeat expansion in the premutation range (55-200) in the FMR1 gene.

« Itis aninherited neurodegenerative disorder that typically affects adults over 50 years old and is associated with
a spectrum of neurological and medical symptoms.

«  FXTAS affects men with more frequently than women because of the protective effect of the second X
chromosome in women.

FXTAS Statistics

*  The number of individuals in the U.S. who have or are at risk for a premutation-associated condition ranges from 1 in
151 females, or about 1 million women, to 1 in 468 males, or about 350,000 men.

* Among premutation carriers, about 40% of males older than 50 years and 8%-16% of women older than 40 years
develop FXTAS.

* Therisk of FXTAS in any given individual is influenced by his/her CGG repeat size (a larger number of repeats increases
the risk), sex (men are at greater risk), and age (symptoms are more common at older ages).

* Inwomen, the activation ratio, or percentage of cells expressing the premutation allele, may also play a role.

« The lifetime prevalence of FXTAS in the general population is estimated to be 1 in 8000. This indicates that FXTAS is
significantly less common than essential tremor or Parkinson’s disease in older adults.

Onset of FXTAS Progression

* Typically, in the early seventh decade, with mean » Cognitive dysfunction such as executive impairment,
age of onset of tremor and/or ataxia in men at memory deficits and eventually dementia may occur.
approximately 61 years. » These symptoms may influence intelligence, working

*  Symptoms of FXTAS vary among individuals. memory, remote recall, information-processing speed,
Typically, they include progressive signs of tremor, and temporal sequencing.
cerebellar ataxia, parkinsonism, and cognitive ¢ Impaired executive function may lead to psychiatric
decline, with impairments in executive functioning. and behavioral disorders as noted by increased

e Tremor appears to be the sign most likely to trigger anxiety, irritability, agitation, hostility,
evaluation from a health provider. obsessive-compulsiveness, apathy, and depression.

FRAGILE X INFO: I inosmacie
FRAGILE X-ASSOCIATED TREMOR/ATAXIA SYNDROME
i




FXTAS is complex and involves appropriate follow-up by an adult neurologist.

e Treatments for FXTAS should be individualized as symptoms vary in every individual.

* Treatments should also be approached globally utilizing medications, psychological counseling, rehabilitative
interventions such as speech, occupational and physical therapy, and gait training.

* Consideration should also be given to supportive services and counseling for the family.

*  Genetic counseling for individuals with FXTAS and their family members is recommended.

Notes:

¢ All daughters of men diagnosed with FXTAS (those confirmed to be premutation carriers) will also be
premutation carriers.

*  Forwomen with FXTAS (again, those confirmed to be premutation carriers), each child will have a 50% chance of
receiving the FMR1 mutation, with the potential of their premutation expanding to a full mutation (>200 CGG repeats).

* About 20% of women with the FMR1 premutation develop fragile X-associated primary ovarian insufficiency (FXPOI).
Women with FXPOI do not have an increased risk of FXTAS compared with women who carry premutations and have
normal ovarian function.

Find a FXTAS Doctor

*  Visit the NFXF Website: https://fragilex.org/our-research/fragile-x-clinics/fxtas/
¢ Callthe National Fragile X Foundation 800-688-8765.

International Fragile X Premutation Registry. For individuals with the premutation and their families.
The registry will help advance research into the premutation condition. Learn more at fragilex.org/ifxpr.
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About the NFXF

The National Fragile X Foundation (NFXF) was founded in 1984 to
support individuals with Fragile X syndrome (FXS), their families, and
the professionals who work with them. Today, it is a comprehensive
resource not only for FXS, but also for the conditions of Fragile
X-associated tremor/ataxia syndrome (FXTAS), Fragile X-associated
primary ovarian insufficiency (FXPOI), and other premutation
carrier conditions and disorders. The NFXF is dedicated to serving
the entire Fragile X community to live their best lives by providing
the knowledge, resources, and tools, until, and even after more
effective treatments and a cure are achieved. Learn more at
https://fragilex.org/welcome.

If you have questions please reach out to us a treatment@fragilex.org
or call (800) 688-8765.

Resource:

Consensus of the FXTAS Task Force and the Fragile X

Clinical & Research Consortium - Fragile X-Associated
Tremor/Ataxia Syndrome (FXTAS)
https://fragilex.org/wp-content/uploads/2018/04/Fragile-X-as-
sociated-tremor-ataxia-syndrome_2018.pdf

Diagnosis of FXTAS

*  FXTAS only occurs in individuals who have a Fragile X (FMR1) premutation. Therefore, it is essential that anyone being
considered for this diagnosis is tested for and confirmed as a premutation carrier.

* Neurological exam.

* Magnetic resonance imaging (MRI) findings consistent with FXTAS, such as specific white matter lesions in the brain
or generalized brain atrophy.

Interventions and Treatments

The goal of therapy for FXTAS is to reduce symptoms and eventually to slow the progression of disease. Management of




U.S. FXTAS Treatment and Research Clinics

The following institutions are members of the NFXF’s International FXTAS Consortium (IFC).

AURORA, COLORADO, USA

UC Health
UCHealth Neurology Outpatient Clinic

1635 Aurora Court Anschutz Outpatient Pavilion,

4th Floor
Aurora, CO 80045

Visit Online
UC Health »
UCHealth Neurology Outpatient Clinic »

Contact

& (720) 848-2080

(720) 848-2106

@ ying.3.liu@ucdenver.edu

Medical Director
Emily Forbes, DO

Clinical Coordinator
Alan Hall

ANN ARBOR, MICHIGAN, USA

University of Michigan

University of Michigan Fragile X Clinic
4260 Plymouth Road

Ann Arbor, MI 48109

Visit Online
University of Michigan »
University of Michigan Fragile X Clinic »

Contact

@ (734) 764-6831
@ petertod@umich.edu

Medical Director
Peter K. Todd, MD, PhD

CHICAGO, ILLINOIS, USA

Rush University
Rush University FXTAS Clinic
1725 West Harrison, Suite 755
Chicago, IL 60612

Visit Online
Rush University »
Rush University FXTAS Clinic »

Contact

« (312) 563-2900
(312) 563-2124

Medical Director
Deborah Hall, MD, PhD »

NEW YORK, NEW YORK, USA

Icahn School of Medicine at Mount Sinai
Fragile X Spectrum Disorder Clinic

1428 Madison Ave.

Atran Building, 1st Floor

New York, NY 10029

Visit Online
Mount Sinai »
Fragile X Spectrum Disorder Clinic »

Contact

 (212) 241-6947

(212) 241-6947

@ christi.flores@mssm.edu

Medical Director
Reymundo Lozano MS, MD

Clinical Coordinator
Christy Flores



Research-Only Clinics

Clinics designated as research-only exist exclusively to study potential interventions for FXTAS and patients are only
accepted if they meet specific research criteria. While research patients may receive treatment as part of their participation
in a research project, it is important that patients confirm the details of their participation with the researchers.

SACRAMENTO, CALIFORNIA, USA

UC Davis MIND Institute

Fragile X Research and Treatment Center
2823 50th Street

Sacramento, CA 95817

Visit Online

UC Davis MIND Institute »

Fragile X Research and Treatment Center »
Genotype-Phenotype Relationships in

Fragile X Families »

We are recruiting males and females with the premutation
(ages 55-85 years) who are having symptoms of FXTAS.

Contact

& (916) 703-0472
@ ersantos@ucdavis.edu

Medical Director
Randi Hagerman, MD

Clinical Coordinator
Ellery Santos

ATLANTA, GEORGIA, USA

Emory University School of Medicine,
Dept. of Human Genetics

National Fragile X Center at Emory
1462 Clifton Road, Suite 300

Atlanta, GA 30322

Visit Online

Emory University School of Medicine, Dept. of Human
Genetics »

National Fragile X Center at Emory »

Modifiers of FXTAS in Individuals with the
Premutation »

We are now enrolling participants in our study called
“Modifiers of Fragile X-Associated Disorders”

(FX-MOD) studly.

Contact

« (404) 778-8478
@ lisa.shubeck@emory.edu

Center Director
Peng Jin, PhD

Clinical Coordinator
Lisa Shubeck



Caufield Hospital The Third Hospital of Changsha

Cerebellar Ataxia Clinic International Clinic of FXTAS and Functional Neurology
Main Block (Building 28), Level 1, of Changsha

260 Kooyong Rd. 176 Lao-dong-xi Road

Caulfield VIC 3162 Changsha, P.R. China

Visit Online Visit Online

Caufield Hospit'al ? o The Third Hospital of Changsha »
Cerebellar Ataxia Clinic »

Contact

(L 01161 3 9076 6800 (&, 01186 134 8758 0604

() 011 6139076 6435 () 011 86 731 8515 1092
@ dsz@me.com @ cn-fxtas@tom.com

Contact

Head of Service Medical Director
Dr. David Szmulewicz Xianlai Duan, MD

Clinic Coordinator Clinic Coordinator
Suhanya Dassanayake Lihua Liu

CALI, COLOMBIA SEMARANG, INDONESIA*

Hospital Universitario del Valle Diponegoro University
Genetica y Dismorfologia

Cl. 5#36-08 Visit Online

Cali, Valle del Cauca Diponegoro University »

Visit Online

- . o Contact
Hospital Universitario del Valle »

@ sultana@fk.undip.ac.id
Contact

. 01157 057 3182800698 Medical Director

@ wilmar.saldarriaga@correounivalle.edu.co Sultana MH Faradz, MD, PhD

Medical Director
Wilmar Saldarriaga, MD

Clinic Coordinator
Julian Ramirez Cheyne

International Treatment and Research Clinics

Please be aware that clinics outside of the U.S. operate under different rules, requlations, and cultural norms, and services
may be provided differently than they are in the U.S. However, the IFC’s Task Force has ensured that each of the member
clinics meets the IFC’s minimum standard of having available medical and medication evaluation, prescribing, monitoring,
and genetic counseling.

CAUFIELD, AUSTRALIA CHANGSHA, CHINA*




HUDDINGE, SWEDEN*

Karolinska University Hospital
Genetica y Dismorfologia
Department of Neurology
14186 Huddinge, Sweden

Visit Online
Hospital Universitario del Valle »

Contact

&, 0114658580000
011 46 585800 00
@ per.svenningsson@ki.se

Medical Director
Dr. Magnus Andersson

Clinic Coordinator
Per Svenningsson

LIVERPOOL, UNITED KINGDOM

The Walton Centre NHS Foundation Trust
Management of Movement Disorders
Lower Lane, Fazakerley

Liverpool L9 7LJ

Visit Online
The Walton Centre NHS Foundation Trust »
Management of Movement Disorders »

Contact

01144151556 3534
@ sundus.alusi@thewaltoncentre.nhs.uk

Medical Director
Dr. Andrew Nicholson

Clinic Coordinator
Dr. Sundus Alusi



