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Abstract

We describe an ongoing pilot project in which newborn screening (NBS) for FMR1 mutations and
subsequent cascade testing are performed by the MIND Ingtitute at the University of California,
Davis Medical Center (UCDMC). To date, out of 3042 newbornsinitially screened, 44 extended
family members have been screened by cascade testing of extended family members once a
newborn isidentified. 14 newborns (7 males and 7 females) and 27 extended family members (5
males and 22 females) have been identified with FMR1 mutations. Three family histories are
discussed in detail, each demonstrating some benefits and risks of NBS and cascade testing for
FMR1 mutations in extended family members. While we acknowledge inherent risks, we propose
that with genetic counseling, clinical follow-up of identified individuals and cascade testing,
newborn screening (NBS) has significant benefits. Treatment for individuals in the extended
family who would otherwise not have received treatment can be beneficial. In addition, knowledge
of carrier status can lead to lifestyle changes and prophylactic interventions that are likely to
reduce the risk of late onset neurological or psychiatric problemsin carriers. Also with
identification of carrier family members through NBS, reproductive choices become available to
those who would not have known that they were at risk to have offspring with fragile X syndrome.
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INTRODUCTION

Fragile X syndrome (FXS), the most common inherited cause of intellectual disability (ID),
is due a CGG trinucleotide expansion (>200 repeats) in the promoter region of the FMR1
gene. The premutation (55-200 CGG repeats) in FMR1 can sometimes cause devel opmental
problems in childhood or psychiatric, immunological and/or neurological problemsin
adulthood, including the fragile X-associated tremor ataxia syndrome (FXTAYS)
[Chonchaiyaet a., 2009] in older carriers. Alleles harboring between 45 and 54 CGG
repeats [Maddalena et a., 2001] are named intermediate/grey zone alleles and can show
intergenerational instability. The University of California Davis MIND Ingtituteis
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conducting a newborn screening pilot study (NBS) for FMR1 mutationsin collaboration
with Rush University Medical Center, Chicago (RUMC). Alleles harboring between 45 and
54 CGG repeats [Maddaena et al., 2001] are named intermediate/gray zone alleles and they
can show intergenerational instability.

Screening for FMR1 mutations has long been controversial and currently no state includes
FMR1 mutations in mandated newborn screening programs. A number of issues have
prevented the inclusion of FMR1 testing in State mandated NBS programs. These have
included technological limitations, cost of testing and alack of effective treatments.
However, the fragile X field is evolving rapidly in these areas [Hagerman et al., 2012].
Advances in diagnostic testing have led to the availability of blood spot screening which is
relatively inexpensive and allows for the screening of alarge sample size throughout the
expanded CGG range and in both genders [Chen et al., 2011; Coffee et a., 2009; Tassone et
al., 2008] have carried out newborn screening of alarge population, but was limited to only
males with a full mutation.

Although FXSisthe most common inherited form of intellectual disabilities, individuals
with FMR1 mutations have an increased risk of experiencing amyriad of physical,
psychological, and social difficulties. FXS is associated with the FMR1 full mutation
(greater than 200 CGG repeats) and it is characterized by specific clinical features such as
prominent ears, macrocephaly, enlarged testicles, hyperextensiblity and behavioral features
including gaze avoidance, hand-flapping, hyperactivity, impulsivity, anxiety and
perseveration [Chonchaiyaet a., 2009]. FXS is the most common single gene disorder
associated with autism; 30% of those diagnosed with FXS have autism and an additional
30% have PDDNOS or an autism spectrum disorder (ASD) [Hall et a., 2008; Harriset al.,
2008; Hatton et al., 2006; Kaufmann et a., 2004; Rogers et al., 2001]. Fifty to 70% of
females with FXS have borderline to mild deficitsin 1Q and 30 to 50% have a normal 1Q but
experience learning disabilities particularly in mathematics, behavioral and/or emotional
problems, such as increased anxiety, shyness, gaze avoidance, perseveration, and mood
lability [Angkustsiri et al., 2008; de Vries et al., 1996].

Although those with the premutation (55-200 CGG repeats) usually have anormal 1Q,
approximately 10 to 20% of males with the premutation have ASD, and/or attention deficit
hyperactivity disorder (ADHD), and heightened anxiety [Aziz et a., 2003; Bailey et a.,
2008a; Bourgeois et al., 2011; Chonchaiya et al., 2012; Clifford et a., 2007; Cornish et al.,
2005; Farzin et al., 2006; Hesdl et al., 2011]. Therisk for ASD in premutation carriersis
increased in those who have seizures [Chonchaiya et a., 2012]. In adultsit iswell
documented that the premutation is associated with Fragile X-associated Tremor/Ataxia
syndrome (FXTAYS) [Jacquemont et al., 2004b] and Primary Ovarian Insufficiency (FXPOI)
[Sullivan et a., 2011]. However, understanding of premutation involvement has advanced
beyond these disorders [Chonchaiyaet al., 2010; Coffey S.M. et al., 2008; Hagerman and
Hagerman 2004; Sullivan et al., 2011]. Hypertension [Hamlin et al., 2012], sleep apnea
[Hamlin et ., 2011], psychiatric problems [Bourgeois et al., 2011; Roberts et a., 2009],
and immune problems such as fibromyalgia[Coffey S.M. et a., 2008; Leehey et al., 2011],
and hypothyroidism [Coffey S.M. et al., 2008; Rodriguez-Revenga et al., 2009] occur
commonly in mid and late adulthood.

The aim of this study was to gather pilot data investigating the feasibility, benefits, and risks
associated with newborn screening for FXS. The project also included collection of
prevalence data, identification and monitoring of newborns with FMR1 mutations as well as
identification and testing of at risk extended family members through cascade testing.
Fourteen newborns screened positive for FMR1 mutations. In addition, 44 at risk relatives
from 10 families were tested and 27 were found to carry the FMR1 premutation.
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This paper discusses the experience of cascade testing and preliminary findings of the NBS
pilot project at the University of California, Davis as well as the benefits and risks of
screening newborns for FMR1 mutations. We report on three newborns identified as having
the premutation. Subsequent cascade testing revealed premutation carriers within the
families of the identified newborns. These three cases illustrate the impact of NBS,
including the range of clinical involvement related to the premutation that was identified
through cascade testing

MATERIALS AND METHODS

Using an Ingtitutional Review Board (IRB) approved protocol, a blood sample was obtained
on individual filter paper (extra spot card was provided to the nursery) from all newborns at
the UC Davis Medical Center during the state mandated heel stick. Parents of newborns
were approached daily by research assistants to request consent for participation in the
fragile X newborn screening study. A prepared script used across both participating sites
introduced parents to the project. IRB approved consent was used to obtain formal consent
from those who agreed to join the study. Blood spots from newborns of parents who gave
consent were collected and genotyped. Parents of newborns who screened positive for an
FMR1 mutation (>55 CGG repeats) were contacted by the Genetic Associate at the UC
Davis MIND Institute. Initial blood spot screen results were reported and briefly clarified by
telephone and the parents were invited to bring the infant to the MIND Institute for blood
testing. During theinitial clinic visit genetic counseling was performed, a detailed family
history taken, the family was introduced to the Devel opmental Pediatrician overseeing the
project and a peripheral blood sample was obtained from the infant and parents to determine
parent of origin. The parents were given the opportunity for the infant to participate in a
longitudinal study that will be reported at alater date when completed. Members of the
immediate and extended family of the positive newborn were offered genetic testing for
FMRL1 mutations according to the recommendations set by McConkie-Rosell et al. [2005].
Individuals who had an FMR1 mutation were offered genetic counseling, and amedical
evaluation including a medical history and examination.

Molecular Measures

CGG repeat size on blood spots was performed by PCR analysis as described in Tassone
[2008] with some modifications. CGG repeat size and methylation status for the
confirmatory testing on both the identified newborn and extended family members was
determined by isolating DNA from whole peripheral blood leukocytes using standard
procedure from Qiagen (QlAxtractor) in Valencia, CA. Both Southern Blot and PCR
analysis were performed as detailed in Tassone et al. [2008].

Cognitive and Psychological Methods

RESULTS

Infants were assessed using the Vineland Adaptive Behavior Scales — Second Edition
[Sparrow et al., 2005] and the Mullen Scales of Early Learning (MSEL) [Mullen 1995].

Clinical Report Family 1

The male proband screened positive for the presence of afragile X premutation allele with
68 CGG repeats by blood spot. The Genetic Associate reported results to the proband’s
mother over the phone and the initial visit was scheduled by the project coordinator. The
proband was seen at the MIND Institute at 5 months of age accompanied by his parents and
maternal grandparents. Genetic counseling, blood draw on proband and parents, and medical
exam were performed at that time. DNA testing on peripheral blood confirmed the presence
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of a68 CGG repeat alele. Theinitia cascade testing revealed that the proband’ s mother had
23 and 67 CGG repeats and the maternal grandfather had 65 CGG repeats.

The prenatal period was significant because the proband’ s mother experienced a ruptured
aneurism at six months gestation and underwent surgery at that time. The mother continues
to experience severe headaches reported to be a consequence of subsequent surgeries. The
mother also had a history ptosis of her left eye and this can occasionally be seen in those
with the full mutation [Hagerman 2002] and it is less common in those with the
premutation.. Connective tissue problems have been associated with the both the full and the
premutation including aneurysms of the aorta [Hagerman 2002; Riddle et a., 1998]. The
proband was seen in clinic a second time one month later at six months of age.
Developmental assessments were performed. The Vineland |1 Adaptive Behavior Composite
(ABC) was 119. The Early Learning Composite (ELC) on the Mullen was 105.

Cascade testing of extended family members identified 12 other premutation carriers. In
total, 22 family members were tested and atotal of 14 premutation carriers were identified
including the proband and his mother (Fig. 2). The proband’s maternal great grandmother
had 30 and 63 CGG repeats and had a previous diagnosis of Alzheimer’s disease (AD). She
underwent amedical evaluation in clinic. She reported good health until 81 years of age at
which time she began to experience cognitive decline. During the medical exam the patient
demonstrated difficulty with tandem walking and a subtle tremor with positioning. She also
had unintelligible handwriting because of tremor. A brain MRI was performed and showed a
significant degree of atrophy and white matter disease in the frontal and parietal regions
(Fig. 3). She aso had significant white matter disease in the insula bilaterally which is
commonly seen in those with the Fragile X-associated tremor ataxia syndrome (FXTAYS).
She had increased vascular spaces and cortical white matter disease but no involvement of
the middle cerebellar peduncles. The patient’ s white matter disease and clinical history is
consistent with FXTAS in females [Adams et a., 2007; Hagerman et al., 2004]. AD together
with FXTAS occurs in approximately 50% of females who died with FXTASonand is
documented on neuropathological studies[Tassone et al., 2012].

The maternal great grandmother’ s two sisters also carry the premutation and were seen in
clinic. The oldest was 92 years of age (CGG 31, 62) and demonstrated no significant health
problems. The youngest sister was 85 years of age (CGG 30, 62) and reported type |
diabetes, congestive heart failure, coronary artery bypass surgery and a pacemaker because
of arrythymias. We have noted an increase pacemakersin FXTAS presumably linked to
autonomic dysfunction and FXTAS inclusionsin pericardial gangliaand in cardiac tissue
[Hunsaker et al., 2011]. She also reports bladder incontinence, which is associated with
FXTAS [Jacquemont et al., 2003], athough she did not have a clinicaly significant tremor
or balance problem.

Two maternal great uncles tested positive for the premutation. The great uncles were 50 and
55 years of age, both carrying a premutation allele of 63 CGG repeats. Neither reported
health problems. One obligate carrier, daughter of the proband’s maternal great uncle,
reported experiencing panic attacks which are common in carriers [Bourgeois et al., 2011].
The proband’ s maternal aunt is a carrier and reported sleep problems that was treated with
alprazolam. Panic attacks and sleep problems have been reported as increased in carriers
compared to controls [Bourgeois et al., 2011; Chonchaiyaet a., 2010]. Otherwise the family
history was negative.

Clinical Report Family 2

The female proband screened positive by blood spot as having a premutation allele with 59
CGG repeats. The results of the screening were reported by the Genetic Associate by phone
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and an initial visit was arranged by the project coordinator. At 6 months of age the proband
and her parents were seen at the MIND Institute. Genetic counseling, blood draw on infant
and parents to determine parent of origin, and medical assessment were performed.
Peripheral blood confirmed that the proband had 59 CGG repeats, the mother had two
normal aleles, and the father had agrey zone allele (52 CGG repeats). The proband
underwent developmental assessments at 6 and 12 months of age. Scores on the Mullen and
Vineland Il were average at both time points. The Mullen EL C was 88 (6 months) and 93
(12 months), the Vineland 11 ABC was 86 and 94 respectively.

The proband’ s father underwent neuropsychological testing, MRI, and medical exam. The
medical evaluation revealed hypertension and treatment with antihypertensive meds was
recommended in addition to exercise and antioxidants. Hypertension has been associated
with the premutation [Hamlin et al., 2012]. The father reported a history of learning
problems during primary school including ADHD symptoms. Scores on the WAIS-111 were
VIQ 92, PIQ 107, FSIQ 99. The split between the verbal and performance scoresis
significant.

Subsequent cascade testing reveal ed that the paternal grandmother carries ahigh
premutation allele (109 CGG repeats). The difference between the repeat sizes of the father
(52 CGG) and his mother (14, 109 CGG) is significant and it represents a remarkable
contraction of CGG repeats from a high premutation to agray zone allele thus
demonstrating significant instability. Expansion of amaternal allele of 109 CGG repeatsto a
full mutation in the next generation is predicted to be 100% [Nolin et a., 2003; Yrigollen et
al., 2011]. Contraction of CGG repeats from a premutation allele is documented but
extremely rare (<1%) [Brown et al., 1996; Nolin et a., 2003; Rife et al., 2004]. This case
demonstrates that newborn screening can uncover molecular results that challenge
previously held tenets and would not have been seen in clinic without screening.

The paternal grandmother underwent a medical history and exam at 67 years of age. She
reported early menarche at 10 years and a hysterectomy at 32 years for dysfunctional
bleeding. She had a history of hypertension and an irregular heartbest, which was treated by
ablation. Strabismus was observed in the right eye. Finger to nose examination demonstrated
amild intention tremor of the left hand. She will be followed closely for any exacerbation of
her neurological problems. Antioxidants have been recommended a ong with daily exercise.

Further cascade testing reveal ed that the 100 year old paternal great grandfather and one
paternal uncle do not carry FMR1 mutations (Fig. 4). One additional paternal uncle and one
paternal aunt are at risk to carry the premutation but have not yet been tested.

Clinical Report Family 3

The female proband screened positive by blood spot for the FMR1 premutation with 55
CGG repeats. The Genetic Associate reported the result to the family by telephone and the
initial visit was scheduled by the project coordinator. Thefirst visit occurred when the
proband was five months of age. At this time, the proband was seen with both parents who
had blood drawn to determine parent of origin. A medical exam was performed on the
newborn. Peripheral blood analysis confirmed that the proband had 55 CGG repeats and
revealed that the mother had 19, 28 CGG repeats and the father had an intermediate allele
(54 CGG repeats). The proband underwent subsequent developmental assessments at 6 and
12 months of age. Scores on the Mullen and Vineland 11 ranged from average to very high.
The Mullen ELC was 98 (6 months) and 131 (12 months), the Vineland 1| ABC was 86 and
97 respectively.

AmJ Med Genet A. Author manuscript; availablein PMC 2014 April 09.
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Cascade testing revealed that the paternal grandmother has an intermediate allele (54 CGG
repeats) and the paternal uncle and great uncle have normal aleles (Fig. 5).

At thetime of their initial visit, the parents of the proband conveyed their understanding that
the likelihood of 54 CGG repeats expanding to the full mutation was impossible because the
father passes only the premutation to his daughters. They continued to have concerns
regarding the impact of this information upon a future pregnancy, however. The parents
expressed concerns about gene stability, having another child with the premutation who
would have to make her own reproductive decisions when of age, and the possibility of sex
selection. The couple actively sought to address these issues by considering sperm sorting,
conception without intervention and adoption. They explored these options with the Genetic
Associate and other professionals.

During the time that the couple was considering their options, AGG anchor analysis became
available[Yrigollen et al., 2011]. AGG analysis revealed the presence of 2 AGG
interruptions in the paternal allele of 54 CGG repeats. The Genetic Associate explained to
the couple that the presence of 2 anchors conferred FMRL1 gene stability, although AGG
analysis at the time was not considered to be diagnostic but instead a research finding
[Yrigollen et al., 2012]. A few weeks later, the couple contacted the Genetic Associate to
share the information that the wife was pregnant unexpectedly. Chorionic villus sampling
was performed and revealed afemale fetus with 54 CGG repeats.

DISCUSSION

Recent advances in targeted treatment and educational tools for those with fragile X
emphasizes the need to reconsider NBS for fragile X mutations. The benefits and efficacy of
new targeted treatment trials such as mGIUR 5 antagonists, GABA ang B @gonists and
minocycline are beginning to be documented for the full mutation with FXS [Berry-Kravis
et a., 2009; Hagerman et a., 2012; Jacquemont et a., 2011; Paribello et a., 2010]. The data
inthisareawill grow in the next few years as new targeted treatments continue to be
developed. However, most of the individuals identified in newborn screening for FMR1
mutations have the premutation. Since the premutation isless likely than the full mutation to
cause intellectual disability and ASD but more likely than the full mutation to cause adult
onset problems there isthe risk that the family will worry about the late onset medical
problems of their children. Typically we have seen that the families are very happy that their
children with the premutation are doing well in the developmental testing and they are
relieved that their child does not have the full mutation. The identification of other family
members with the premutation allows for earlier treatment for some of the medical problems
that are associated with the premutation including psychiatric problems, hypertension,
cardiac arrythmias and tremor and ataxia.

The current NBS pilot project evaluates the benefits and risks associated with the
identification of FMR1 mutations through newborn diagnosis and follow- up familia
cascade testing. Without early diagnosis (asis the current experience) the benefits to both
patient and family members are lost because diagnosis is delayed or, in the case of many
premutation carriers, never made [Bailey 2004]. The landscape of weighing the risks against
the benefits of fragile X NBS is adynamic one that warrants continual reassessment [Bailey
et a., 2006].

Benefits of Diagnosing those with the Full Mutation

Despite widespread clinical knowledge regarding the FMR1 gene, many families undergo a
diagnostic odyssey before their child receives the diagnosis of FXS. Indeed arecent report
from anational parent survey indicates that the age at diagnosis for the past 7 years
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continues to be approximately 35 to 37 months [Bailey et al., 2009]. Thislack of early
testing and diagnosis is often due to medical professionals’ dismissal of parental concern
[Bailey et al., 2009]. NBS would eliminate the time between emerging clinical findings and
parental concerns to genetic diagnosis. Early diagnosis through NBS simultaneously
alleviates this anxiety and frustration currently experienced by too many parents and allows
for immediate intervention to address and remediate the difficulties associated with fragile X
in the newborn and early years of life. Early detection of afull mutation allows early and
intensive educational and psychosocial interventions, which are well established and
improve the outcome of infants and children [Bailey 2004]. In addition, psychol ogists and
genetic counselors can al so provide assistance to families following newborn diagnosis
including future family planning. The recent utilization of AGG repeat anchors to further
delineate for carrierstherisk of expansion to afull in the next generation can benefit many
families; when 2 AGG anchors are present in a premutation carrier the risk of expansion into
the next generation drops remarkably compared to previous estimates[Yrigollen et al.,
2012].

Benefits of Diagnosing Premutation Carriers

The prevalence of the premutation (55 to 200 CGG repests) is 1 in 130-250 femalesand 1 in
250-810 malesin the genera population [Dombrowski et al., 2002; Fernandez-Carvajal et
al., 2009; Song et al., 2003]. Until recently the premutation was largely ignored because it
was not associated with clinical findings. Recent research suggests that, while most children
with the premutation do well, approximately 10-20% of the males may experience learning
problems, ADHD, anxiety and/ or an ASD diagnosisin childhood [Aziz et al., 2003; Bailey
et al., 2008a; Chonchaiyaet al., 2012; Clifford et al., 2007; Cornish et a., 2005; Farzin et

al., 2006]. Seizures, experienced by approximately 10% of carriers [Bailey et al., 2008a] are
associated with an increased risk for ASD in young males with the premutation [Chonchaiya
et al., 2012]. Enhanced spikes compared to controls are also present in premutation neurons
studied in culture [Cao et ., 2012].

Therefore in children with the premutation the physician and family need to be vigilant for
any developmental problems, seizures, ADHD or anxiety that may develop. NBS and
cascade testing also reveals typically avariety of medical problems that may occur in
multiple extended relatives as seen in our case reports.

Some premutation carriers are at increased risk for avariety of late-onset disorders. Both
males and females have an increased risk for anxiety, ADHD, and mood disorders including
depression in mid adulthood [Bourgeois et a., 2011; Hesdl et al., 2005; Hessl et al., 2011;
Roberts et al., 2009; Rodriguez-Revenga et al., 2009]. Males and females over age 50 are at
risk for FXTAS, and additional medical problems, such as neuropathy, fibromyalgia,
hypothyrodism, hypertension, arrhythmias and sleep apnea are common and may begin
before the onset of FXTAS [Coffey S.M. et al., 2008; Goodrich-Hunsaker et al., 2011,
Hamlin et a., 2011; Hamlin et al., 2012; Hunsaker et a., 2011]. Thereis also evidence of
mitochondrial disease and enhanced oxidative stress in human cells with the premutation
[Napoli et a., 2011; Ross-Intaet a., 2010] in addition to evidence of early premutation
neuronal cell death compared to controls [Chen, 2010]. The cellular data suggests that
antioxidants may be beneficia for the enhanced oxidative stress in those with the full
mutation [de Diego-Otero et a., 2009; Romero-Zerbo et al., 2009] and in those with the
premutation [Chen et al., 2010; Napoli et a., 2011; Ross-Inta et a., 2010], therefore
antioxidants are routinely recommended for carriers. In addition, avoidance of
environmental toxins, such as organophosphate insecticides, drugs of abuse, chemotherapy
and smoking is recommended because they may worsen premutation medical problems

[O' Dwyer et a., 2005; Paul et al., 2010]. Premutation carriers likely benefit from healthy
lifestyles that avoid oxidative stress or environmental toxins. When a carrier is diagnosed,
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lifestyle changes should be recommended by the physician who is caring for the patient.
These can include cessation of alcohol use and the implementation of a selective serotonin
reuptake inhibitor (SSRI) and exercise to treat depression. Further, it is likely that avoidance
of environmental exposures that cause enhanced toxicity to the neurons or other cells
vulnerable to the premutation, such as the granulosa cells of the ovary, may decrease the risk
of these late onset problems for individuals with the premutation [Hagerman et al., 2008;
Jacquemont et al., 2004a; Paul et a., 2010; Sherman 2000; Sullivan et al., 2011]. The use of
antioxidants in early childhood and throughout the life span may also be beneficial for those
with the premutation and the full mutation because they have been helpful in animal and
cellular [Cap et d., 2012; Chen et a., 2010; de Diego-Otero et a., 2009; Napoli et al., 2011,
Romero-Zerbo et al., 2009; Ross-Inta et al., 2010]. However, controlled trials have not been
carried out in patients regarding the benefits of antioxidantsin preventing premutation
disorders.

Females carry the additional risk for fragile X-associated Primary Ovarian Insufficiency
(FXPOI), which is cessation of menstruation prior to age 40. The premutation is the most
common inherited cause of POI [Sullivan et al., 2011]. These medical problems can also be
addressed and even treated when the premutation is identified if treatment was not initiated
before.

For the one third or more of male carriers who will develop FXTAS, cascade testing that
identifies these individuals prior to the onset of symptoms can prevent misdiagnosis later in
life [Jacquemont et al., 20044]. This represents an improvement for many men with FXTAS
who are misdiagnosed as having Parkinson’s, other ataxias, stroke, Alzheimer’s, multiple
sclerosis and other movement disorders [Hall et a., 2005; Hedrich et al., 2005].

Benefits of Cascade Testing

The same benefits conferred by NBS to those with both the pre and full fragile X mutations
can also accrue to family members of the identified infant, due to the X-linked inheritance
pattern, through a program of cascade testing. A detailed family history must be obtained as
it serves as aguide to identify family members at risk for having an FMR1 mutation. A
newborn carrying the fragile X full mutation identifies the mother’s family as being at risk
to have offspring with fragile X and autism. A newborn carrying the premutation
necessitates one or both parents being tested to identify the carrier. Cascade testing thus
represents an additional benefit of NBSin that it expands the circle of diagnosis of both the
full and premutations and the benefits, discussed above, to be derived from such diagnosis.
In the absence of NBS, the need for diagnostic testing goes undiscovered until symptoms
begin, meaning that the opportunity for prevention islost. In this way, the opportunity to
offer cascade testing represents yet another benefit of NBS in the eyes of many. It is through
cascade testing that these conditions are identified and diagnosed accurately and early and
that treatments are delivered for the many problems associated with fragile X mutations.

Concerns Associated with FX Newborn Screening and Cascade Testing

Despite the benefits that expanded detection of individuals affected by FMR1 gene
mutations can confer, detection is associated with very legitimate concerns. Newborn
screening for any genetic condition can increase anxiety in parents who are approached for
consent and for those who have an identified infant. It has been postulated that parental
anxiety around genetic risks may interfere with infant bonding and change the parent-child
relationship through increased parental vigilance, however, thereis little evidence to support
this[Bailey et a., 2008b; Bailey et a., 2008c]. Cascade testing may increase anxiety in
extended family members because there is the prospect of diagnosing risks in asymptomatic
children and adult relatives.

AmJ Med Genet A. Author manuscript; availablein PMC 2014 April 09.
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Questions remain about the extent of benefit a diagnosis confers on asymptomatic people.
For many who test positive, the information may have no practical use. For example, the
older sister, who is a premutation carrier, of the maternal great grandmother in Family 1
discussed above has lived into her 90s with no reported health problems of any significance.
Based on what we know today about the FMRL1 gene, she would represent the typical
premutation carrier diagnosed by NBS or cascade testing. What benefit would a diagnosis at
birth, or even in adulthood, have conferred to her? How might that information have
affected her throughout the course of her life? She may have expected the onset of various
symptoms for decades and it is hard to know what the psychological impact of such waiting
might have been. Thus, what benefit would it have been for her to have known her risks?

A diagnosis can have red life consequences for people screened at birth or tested in
childhood as they mature and learn this genetic information about themselves. Even though
they may understand that testing was done out of concern for their health and future well-
being, thereis the possibility that some will nevertheless feel wronged by having been
diagnosed because they would prefer not to know future health risk information about
themselves, or have others know it about them either. Thereis also the possibility that an
asymptomatic premutation carrier will feel the burden to disclose one’ s premutation to a
potential life partner, due to the premutation’s implications for reproductive decision-
making or even one's own future health.

Cascade testing also creates an additional challenge. Benefits to family members are
achievable only if parents notify other family members, who in turn notify other family
members. Test results are part of the confidential medical record but the well-being of other
family members needs to be given some consideration in the counseling process. Thus,
cascade testing may elicit the ethical issues that arise when parents of affected newborns do
not want other family members to be notified [Y arborough et al., 1989].

In Defense of a Voluntary Approach to Expanded Detection

We think our review of the tangible benefits and concerns related to Fragile X NBS and
cascade testing reaffirms the fact that, like so many other new medical technologies, DNA
testing is an important medical advance that needs to be used with a measure of caution.
Fragile X NBS has tremendous potential to increase the number of timely diagnoses. Each
of these diagnoses will present opportunities to improve the health and quality of life of
those who are diagnosed. Further, as our experience has shown, complementing NBS with a
program of cascade testing is alargely untapped potential benefit of NBS. Cascade testing
can detect many additional affected individuals whose risks would otherwise remain
unknown. Our experience has also shown that such testing will identify people who will
never suffer ill health effects related to their genetic diagnosis. Whether the knowledge that
testing confers upon these individuals will be experienced as beneficial, benign, or harmful
isunknown at thistime and it requires further study.

We have been able to traverse the challenges posed by fragile X NBS and cascade testing by
making both of them voluntary. Even though NBS is typically thought of as a mandatory
public health undertaking, it isimportant to keep in mind that it began as a voluntary health
procedure [Baily and Murray 2008]. Voluntary NBS can play an important therapeutic role
for conditions like fragile X that do not yet meet the current criteriafor state mandated NBS,
criteriathat continue to generate controversy [Botkin et al., 2006]. Such voluntary testing is
comparable in many respects to offering FMR1 screening to the pre-pregnant or pregnant
populations, which pilot studies also suggest might be favorably received [Anido et al.,
2007; Anido et al., 2005; Fanos et a., 2006; McConkie-Rosell et ., 2007; Metcafe et al.,
2008].
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Voluntary testing is not the only safeguard required at this time to address the ethical
complexities of fragile X NBS and cascade testing. It isimportant that it is combined with
access to genetic counseling and medical follow-up, both of which have been central to our
research project to date. Any program designed to increase detection of fragile X gene
mutations should provide access to counseling and other resources that can mitigate
concerns by providing follow-up assessments of the identified individuals. Follow-up can
provide ongoing health monitoring, assuage anxiety and provide reassurance regarding the
development of individuals. The voluntary aspect of our testing, coupled with the genetic
counseling and appropriate medical follow-up at the heart of our program, has permitted us
to serve and respect the individual s to whom testing has been offered.

CONCLUSION

We believe that fragile X NBS, accompanied by cascade testing, is the most effective means
by which to avoid misdiagnosis and delay of treatment to affected patients. Y et, asis true of
other disorders included in state newborn screening programs, fragile X NBSidentifies
significantly more carriers than individuals with FXS. Because many of these premutation
carrierswill likely develop some of the symptoms that occur in childhood, such as anxiety
or in adulthood including FXPOI, psychiatric symptoms, hypertension, hypothyroidism or
neurological problemswe arein support of NBS and cascade testing of extended family
members.

Our experience to date indicates both the benefits and concerns historically associated with
fragile X NBS. Asour clinical reports show, we have provided accurate and early diagnosis
of premutation carrier infants and thus we are now able to provide important guidance and
surveillance to their parents. We have also identified many additional premutation carriers
through cascade testing who otherwise would be undiagnosed. The medical histories suggest
that some of these premutation carriers could have benefitted from having this genetic
knowledge but it is less clear how others, who have been healthy, could have benefited from
adiagnosis. In short, our experience to date highlights both the benefits and drawbacks of
screening for FMR1 mutations.

We caution that NBS for fragile X and cascade testing must be accompanied by genetic
counseling that adheres to clinical guidelines previously established [McConkie-Rosell et
al., 2007; McConkie-Rosell et a., 2005]. Furthermore, it isimperative that long-term
clinical follow-up be offered to individuals who test positive for FMR1 mutations. These
services temper the increase in anxiety that may be experienced by parents of identified
infants and extended family members.
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Figure 1.
Flow Chart: This chart indicates the progression of contact, enrollment, and participation in

Newborn Screening study.
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Figure 2.

Pedigree for Family 1: The arrow indicates the proband (V-11). The proband’s mother
(IV-19), maternal aunt (1VV-18), maternal first cousin (V-10), materna grandfather (111-16),
and maternal great grandmother (11-4), carry the premutation. Nine other family members
have been identified as premutation carriers (11-1, 11-1, 111-8, 111-12, 111-15, IV-7, IV-10,
IV-11, IV-12). The CGG repesat sizes for each individual are noted.
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Figure 3.

The subject presented with atrophy (A) and increased T2 signal intensities (S) in the deep
white matter of the frontal and parietal regions. She also had a multitude of increased
perivascular spaces (P), as well as a pronounced increase in T2 signal intensity in the sub-
insular region (1).
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7,89

Pedigree for Family 2: The arrow indicates the proband (IV-6). The proband’ s older sister
(IV-5), and paternal grandmother (11-2) are confirmed carriers of FMR1 premutations. The
proband’ s father (111-2) has aintermediate allele that represents a remarkable contraction
during transmission. The CGG repeat sizes for each individual are noted.
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Pedigree for Family 3: The arrow indicates the proband (IV-7), who is a premutation carrier.
The proband’ s sister, father, and paternal grandmother al have intermediate alleles. The
paternal uncle and one great uncle have tested negative for FMR1 mutations. The CGG
repeat sizes for each individual are noted.
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