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FMR1-Related Disorders
Fragile X Syndrome (FXS)
Fragile X Associated-Primary
Ovarian Insufficiency (FXPOI)
Fragile X-Associated Tremor/Ataxia
Syndrome (FXTAS)

Fragile X Syndrome (FXS)

Fragile X syndrome is the most common cause of inherited mental retardation.
The average IQ in adult males with the full mutation is ~40.
Full mutation carrier females can have a phenotype ranging from being affected
with FXS, to be either mildly affected or unaffected.
Autistic-like features are common in individuals with FXS and include: hand
flapping, hand biting, gaze avoidance and tactile defensiveness.
The physical characteristics can be subtle and include: a long narrow face,
prominent ears, joint hypermobility and macroorchidism.

Fragile X-Associated
Primary Ovarian Insufficiency (FXPOI)
Decreased ovarian function in some female carriers of premutation alleles.
POI is defined as 4 months or more of disordered menses (amenorrhea,
oligomenorrhea, polymenorrhea, or metrorrhagia) and menopausal FSH
levels before the age of 40.
Approximately 20% of women who are premutation carriers will have FXPOI
(1% general population risk).
Approximately 2% of women with ovarian insufficiency and approximately
12% of women with a personal and family history of ovarian failure are
carriers of the premuation FMR1 allele.
Uzielli et al. 1999. Am. J. Med. Genet. 84: 300-303
Sherman et al. 2005. Am. J. Med. Genet. 97: 189-194.
Nelson . 2009. N. Engl J. Med. 360: 606-614

Fragile X-Associated
Tremor/Ataxia Syndrome (FXTAS)
A late onset progressive cerebellar ataxia in individuals with FMR1 premutations
These individuals suffer from:
short-term memory loss
cognitive decline
dementia
parkinsonism
peripheral neuropathy
lower-limb weakness
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FXTAS occurs more commonly in male premutation carriers (40-45% of those
over the age of 50) than in female premutation carriers.
2%-4% of men with adult-onset cerebellar ataxia carry an FMR1 premutation
Jacquemont et al. 2004. JAMA, 291:460-469.
Grigsby et al. 2006. J.Neurol. Sci. 248: 227-233.
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In the full mutation, FMR1 becomes heterochromatinized (DNA methylation and
histone modification changes) leading to transcriptional silencing.

FXS

Testing for FXS, FXPOI and FXTAS
The vast majority (>99%) of FXS is caused by expansion of the
CGG repeat in the 5’ UTR of the gene.
There is a small percentage of cases of FXS (<1%) due to other
mutations in FMR1 (namely deletions).
FXPOI and FXTAS are only associated with premutations.
Testing for FXS, FXPOI and FXTAS primarily consists of
determining the length of the CGG repeat.
There are several methods that are used by laboratories to
determine the length of the FMR1 CGG repeat
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Labor intensive, time consuming and not amenable to high-throughput analysis
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Quantitative DNA Methylation Analysis of FMR1

Coffee et al. 2009. Am. J. Hum. Genet. 85:503-514

CGG Repeat Primed PCR

Chen et al. 2010 J Mol Diag 12: 589-600.
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Population Screening
1. Newborn/infant screening for FXS
2. Carrier screening for premutations in
women of reproductive age
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Adulthood
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Newborn Screening
ACMG Policy Statement:
NEWBORN SCREENING: TOWARD A UNIFORM SCREENING PANEL AND SYSTEM
“An overarching concept is utility—that is, an approach that delivers the greatest
good to the greatest number of people”
“Newborn screening policy development should be primarily driven by what is in
the best interest of the affected newborn, with secondary consideration given to
the interests of unaffected newborns, families, health professionals, and the
public.”
“To be included as a primary target condition in a newborn screening program,
a condition should meet the following minimum criteria:
a. It can be identified at a period of time (24 to 48 hours after birth) at
which it would not ordinarily be clinically detected.
b. A test with appropriate sensitivity and specificity is available.
c. There are demonstrated benefits of early detection, timely
intervention, and efficacious treatment.”
Genet. in Med. 2006 Vol 8: No 5

Newborn Screening
Recommended Uniform Screening Panel of the Secretary’s Advisory Committee on
Heritable Disorders in Newborns and Children (31 conditions)

Newborn Screening for FXS
Benefits:
1. early intervention therapies such as speech and occupational therapy
(drugs in clinical trials)
2. prevention of diagnostic odyssey
avg age of diagnosis -~36 months in males and ~42 months in females
3. identify at-risk families before having second child with FXS
~25% of families have a second child with FXS before knowing there first child
is affected
Risks:
1. stigmatize clinically unaffected or mildly affected full mutation carrier females
(vulnerable child syndrome)
2. identify infants with adult onset disorders
(FXTAS and FXPOI)
3. secondary findings
(47,XXY, 45,X and 46,XX males and 46,XY females)
4. impairment of parental bonding
(ameliorated by infant screening)

Newborn Screening
Approximately 4 million births each year in the United States
Full mutation prevalence in the general population is approximately 1 in 4000-5000
1 in 5,161 n=36,124 (Coffee et al. 2009. Am. J. Hum. Genet. 85:503-514)
1 in 12,225 n=24,449 (Levesque et al 2009. Clin. Genet. 76:511-523)
1 in 2,633 n=5,267 (Fernandex-Carvajal et al. 2009. J. Mol. Diagn. 11:324-329)
Approximately 400-500 males with full mutations (FXS)
Approximately 400-500 females with full mutations (variable phenotype)

Sex chromosome abnormalities
Klinefelter syndrome 47,XXY (~1 in 600) ~3300/year
Turner syndrome 45,X (~1 in 2000) ~1000/year
Sex reversal-46,XX males and 46,XY females (~1 in 20,000) ~200/year

FMR1 premutations (if you size the CGG repeat)
Males with premutation at risk for FXTAS (1 in 800) ~2500/year
Females with premuation at risk for FXPOI and FXTAS (1 in 178) ~11,000

~ 18,000 infants with a sex chromosome abnormality (~4500) or FMR1 premutation
(13,500) will be identified along with the 800-1000 infants with the full mutation

Carrier Screening of Adult Women for
Premutation Alleles
Benefits:
1. early identification of child with FXS
2. prevention of diagnostic odyssey
3. identification at-risk families
4. inform women of the risk of FXPOI
5. Minimize identification of individuals with sex chromosome
abnormalities
Risks:
1. stigmatize clinically unaffected full mutation carrier females
(vulnerable child syndrome)
2. identify fetuses with adult onset disorders (FXTAS and FXPOI)
3. impairment of parental bonding
Studies investigating women’s attitudes toward carrier screening found that they generally
viewed it favorably.
However, studies found that women were unprepared for positive results indicating that these
women need targeted counseling and education about FMR1 related disorders.
Hill et al. 2010. Genet. in Med. 7: 396-410.
Anido et al. 2007. J. Genet. Couns. 16: 97-104.

Carrier Screening of Adult Women for
Premutation Alleles
Premutation carrier testing is both a carrier test assess reproductive risk and a
diagnostic test for ovarian insufficiency.
ACOG guidelines recommend carrier screening for FMR1 premutations if a
woman requests it or has one of the following:
1. family history of FXS, FXPOI or FXTAS
2. family history of unexplained MR or developmental delay
3. family history of unexplained autism
4. personal or family history of ovarian insufficiency
All identified carriers of FMR1 premutations should be referred for genetic
counseling.
If a woman carries a premutation, prenatal testing by CVS or amniocentesis
should be offered.
ACOG Commttee Opinion No. 469: Carrier Screening for Fragile X Syndrome. Obstet. Gynecol. 116:1008-1110.

Carrier Screening of Adult Women for
Premutation Alleles Using Current ACOG Guidelines
In the United States, there are approximately 4 million pregnancies per year.
(Hamilton et al. 2011. National Vital Statistics Report 60: 2)

Approximately 2-3% of adult women of reproductive age have a relative with MR
or developmental delay, 1% with a relative with autism, 1% with POI or a family
history of POI.
~4%-5% of all pregnant women are candidates for FMR1 premutation screening.
Equates to ~160,000 - 200,000 pregnancies/year in the United States.
FMR1 pre- and full mutations cause <5% of MR, DD, autism and POF, so the vast
majority of these women will not carry a premutation
In addition, the vast majority of women who carry a premutation do not have
one of the risk factors (FH of FXS, MR, DD, or POF) that would trigger testing.
The majority of women who are at risk of having a child with FXS will not be
identified by following the ACOG guidelines.

What If every pregnant woman
was screened?
In 2010, ~4 million pregnancies in United States
Estimates of premutation carrier rates varies widely among different groups
1 in 158 in Israel (Berkenstadt et al. 2007 Prenat. Diagn. 27:991-994)
1 in 549 in Canada (Levesque et al 2009. Clin. Genet. 76:511-523)
1 in 178 in United States (Hantash et al. 2011. Genet.in Med. 13: 39-45)
In the US, ~22,500 pregnancies each year carried by women with premutation
~800-1000 full mutation carriers (male and female) are born each year
Only 3-5% of all women who screen positive for premutation will have a child
with full mutation.

What If every pregnant woman
was screened?
Of those 22,500 pregnancies, approximately one half, ~11,250, will inherit an
expanded allele.
Out those 11,250, approximately 800-1000 will be full mutations, the
remaining ~10,300 will be premutations.

Thus, for every fetus with full mutation you will
identify ~10-12 fetuses with premutations.
Half will be male of which 45% will develop FXTAS after the age of 50
Half will be female of which ~20% will develop FXPOI and ~16% will develop FXTAS.

Because of these issues, general population screening
is not recommended at this time except as part of
clinical research protocol.

Carrier Screening of Adult Women for
Premutation Alleles

When? Before or during pregnancy?
Studies have shown that preconception carrier screening is preferred over screening
during pregnancy. Preconception screening offers more choices if a woman wants to
avoid having a child with FXS:
1. adoption
2. egg donation
3. preimplantation diagnostics
Other advantages to preconception screening:
1. more time to absorb the results and make decisions
2. less stressful
3. know ahead of time about risk of FXPOI
However, logistically speaking it may be easier to offer during pregnancy (similar to CF
screening that is currently being offered to women during pregnancy).
Summarized in Hill et al. 2010. Genet. In Med. 12:396-410

Future Studies Needed Before
Implementation of FXS Population Screening

Hill et al. 2010. Genet. in Med. 7: 396-410.

